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� We provided a comprehensive and
the latest evaluation of the global
childhood cancer burden.

� The childhood cancer burden has
been decreasing globally over the last
30 years.

� Age-standardized incidence and
prevalence rates of childhood cancer
were more notable in higher SDI
quintiles.

� Age-standardized death and
disability-adjusted life year rates of
childhood cancer decreased with SDI.

� Leukemia was still the most common
cancer and the leading cause of death
among children.
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Introduction: Cancer is the leading cause of death among children.
Objectives: We report on the latest estimates of the burden of cancer among children at the global, regio-
nal, and national levels from 1990 to 2019.
Methods: Based on the Global Burden of Disease Study 2019, children’s cancer data were analyzed by sex,
age, year, and location. Age-standardized rates were used to compare the burdens among regions and
nations. Joinpoint analysis was applied to assess the temporal trend of the global childhood cancer bur-
den.
Results: In 2019, 291,319 (95% uncertainty interval [UI], 254,239 to 331,993) new cases and 98,834
(86,124 to 113,581) deaths from childhood cancer were documented globally. Further, 8,302,464
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(7,230,447 to 9,555,118) DALYs and 1,806,630 (1,567,808 to 2,089,668) prevalent cases were recorded in
the same year. Age-standardized incidence and prevalence rates of childhood cancer were greatest in
higher SDI settings and increased most significantly in Australasia and Southern Latin America over
the last 30 years. However, although age-standardized death and DALY rates of childhood cancer have
remarkably decreased in all regions since 1990, countries with a lower SDI showed the highest rates in
2019, particularly in countries in Eastern Sub-Saharan Africa. Among all cancers, leukemia has shown
the largest decrease in burden since 1990. Despite this, leukemia was still the most common cancer
and the leading cause of death among children in 2019, followed by brain and central nervous system
cancer.
Conclusions: On a global scale, the childhood cancer burden has significantly fallen over the last 30 years,
but is still higher in lower SDI countries. Effective interventions and collaborations among nations should
be facilitated to improve healthcare among children with cancer in countries with lower SDI.
� 2022 Published by Elsevier BV on behalf of Cairo University. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Cancer is one of the main causes of death among children, espe-
cially in developed countries [1]. Revolutionary advances in cancer
diagnosis and treatment have dramatically improved the 5-year
survival rate of children with cancer, which has reached approxi-
mately 80% in high-income countries (HICs) [2]. In contrast, the
5-year survival rate was just up to 40% in low- and middle-
income countries (LMICs), in which over 80% of children with can-
cer resided [3,4]. Compared with HICs, LMICs have difficulties in
accessing supportive care and insurance coverage and establishing
a national cancer control system, thus resulting in a lower survival
rate and higher burden of childhood cancer [5,6].

Despite obtaining better medical care, childhood cancer sur-
vivors are still at risk of recurrence and subsequent primary can-
cers, some chronic disorders, and functional impairments [7].
Meanwhile, childhood cancer survivors with subsequent primary
cancers might experience inferior prognosis than those without
prior cancers in childhood [8]. Further, as a result of undergoing
cancer therapy, patients would face more difficulties, such as
increased financial stress due to out-of-pocket medical costs, fewer
work opportunities due to physical limitations, and psychological
depression and anxiety, all of which lead to decreased quality of
life and societal burden [9–11].

Thus, it is urgent to identify specific childhood cancer burdens
and provide more information for local governments to ease this
burden. The GBD study 2019 reported the disease burden with 4
indicators, and covered 7333 registries from 204 countries and ter-
ritories, whereas other studies, including the CONCORD, GLOBO-
CAN, and International Incidence of Childhood Cancer, reported
childhood cancer burden with 1 or 2 indicators and covered lower
numbers of registries [12–15]. Thus, based on the latest data and
improved methodology from GBD 2019, we analyzed the global,
regional, and national cancer burden among children and their
trends from 1990 to 2019.

Methods

Overview

The global burden of childhood cancer (children aged 0�14
years) was obtained from the GBD 2019, which provides an up-
to-date and comprehensive analysis of 328 diseases and their 87
risk factors among 204 countries and territories. All countries
and territories were classified into 21 regions according to epi-
demiological similarities and geographical proximity, and grouped
into five categories based on the sociodemographic index (SDI; low
SDI, low-middle SDI, middle SDI, high-middle SDI, and high SDI).
The SDI was a composite indicator that was estimated based on
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lag-distributed income per capita, the total fertility rate of females
aged under 25, and average years of schooling among adults aged
15 and older.
Classification and estimation of childhood cancer burden

Detailed information on burden estimation was described in a
previous study [15]. GBD 2019 classified all neoplasms into 30
groups according to the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision [ICD�10]
codes C00-D49. In this study, a total of 15 groups of malignant neo-
plasms were included among children, 14 categorized malignant
neoplasms groups, and 1 uncategorized group (other malignant
neoplasms). More information on burden estimation is provided
in the Supplement.
Statistical analyses

Children aged under 15 were included in our analysis, and
childhood cancer burden was analyzed by age, sex, year, and loca-
tion. In GBD studies, the uncertainty for all estimates were calcu-
lated to account for the uncertainty due to primary data sources,
modelling uncertainty, data error, and data manipulation [16].
Thus, the uncertainty was quantified and captured statistically in
the 95% uncertainty intervals (UIs) for each location and for each
estimate. The UIs were calculated from 1000 draw-levels from
the posterior distribution of models, and 95% UIs were defined as
the 2.5th and 97.5th values of the distribution. Incidence, preva-
lence, death, disability-adjusted life-years (DALYs), and their corre-
sponding age-standardized rates (ASRs) were reported with 95%
uncertainty intervals (UIs) to eliminate the effects caused by differ-
ences in population structures. Temporal trends of childhood can-
cer burdens were estimated using the Joinpoint Regression Model,
a set of statistically linear models, which was described in our pre-
vious study [17]. The annual percentage changes (APCs) and their
95% confidence intervals (CIs) were also calculated. All analyses
were performed using R software (R Core Team, version 3.5.2,
Vienna, Austria) and Joinpoint software (version 4.7.0) from the
Surveillance Research Program of the US National Cancer Institute.
The p-value was estimated at a significance level of 0.05.
Ethics Statement

For GBD studies, a waiver of informed consent was reviewed
and approved by the Institutional Review Board of the University
of Washington. All the information about ethical standards is avail-
able through the official website (http://www.healthdata.org/gbd/
2019).
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Table 1
Global burden of childhood cancer in 2019 and its annualized change in rates from 1990 to 2019.

Location Sex Incidence (95%UI) Prevalence (95%UI) Death (95%UI) DALYs (95%UI)

Count ASIR
（per
100,000）

Percentage
change in
ASIR (%)

Count ASPR
（per
100,000）

Percentage
change in
ASPR (%)

Count ASDR
（per
100,000）

Percentage
change in
ASDR (%)

Count Age-
standardized
DALY rate（per
100,000）

Percentage change
in age-standardized
DALY rate (%)

Global Both 291318.88
(254238.5 to
331993)

14.87
(12.97 to
16.94)

�28.71
(�42.91 to
�8.25)

1806630.42
(1567808.33 to
2089668.43)

92.19(80
to 106.63)

�24.69
(�40.52 to
�0.18)

98834.13
(86123.63 to
113581.36)

5.04(4.39
to 5.8)

�41.87
(�53.77 to
�24.72)

8302463.84
(7230446.89 to
9555118.13)

423.65(368.95 to
487.57)

�42.34(�54.19 to
�25.09)

Girl 133783.48
(119203.29 to
149481.67)

14.11
(12.57 to
15.77)

�32.97
(�48.09 to
�10.28)

855546.41
(758237.2 to
960210.16)

90.24
(79.98 to
101.28)

�30.58
(�48.2 to
�3.14)

41414.56
(36280.14 to
47089.45)

4.37(3.83
to 4.97)

�44.34
(�55.31 to
�26.44)

3479082.28
(3060185.84 to
3959213)

366.97(322.79 to
417.62)

�44.92(�55.88 to
�26.62)

Boy 157535.4
(131489.52 to
186765.36)

15.57(13
to 18.46)

�24.62
(�44.37 to
4.17)

951084.01
(777366.54 to
1145045.38)

94.01
(76.84 to
113.18)

�18.4
(�42.75 to
14.23)

57419.57
(48951.63 to
67057.23)

5.68(4.84
to 6.63)

�40.01
(�54.5 to
�14.32)

4823381.57
(4113806.41 to
5643512.65)

476.77(406.63 to
557.83)

�40.38(�54.93 to
�14.36)

High SDI Both 33560.59
(26064.04 to
42749.22)

20.56
(15.96 to
26.18)

�4.32
(�17.27 to
12.1)

264683.48
(199315.47 to
345915.41)

162.12
(122.08 to
211.88)

4.01(�10.23
to 22.17)

4268.9
(3769.36 to
4571.95)

2.61(2.31
to 2.8)

�41.43
(�50.1 to
�36.97)

366509.69
(322212.67 to
396657.58)

224.49(197.36 to
242.96)

�40.46(�49.3 to
�35.37)

Girl 14963.53
(13270.83 to
16801.5)

18.83
(16.7 to
21.14)

�4.72
(�15.57 to
7.14)

115712.3
(101670.96 to
130286.56)

145.6
(127.94 to
163.94)

2.7(�9.28 to
15.71)

1939.05
(1705.5 to
2063.96)

2.44(2.15
to 2.6)

�40.31
(�48.8 to
�35.52)

166201.41
(146695.49 to
178359.14)

209.14(184.59 to
224.44)

�39.48(�48.07 to
�34.43)

Boy 18597.06
(12342.59 to
26413.9)

22.19
(14.73 to
31.52)

�4.01
(�21.18 to
18.5)

148971.18
(93268.88 to
219261.25)

177.79
(111.31 to
261.67)

5.04(�14.06
to 30.36)

2329.85
(2005.73 to
2537.34)

2.78(2.39
to 3.03)

�42.33
(�52.51 to
�36.72)

200308.28
(172049.1 to
221739.17)

239.05(205.33 to
264.63)

�41.25(�51.85 to
�35.03)

High-middle
SDI

Both 52642.87
(45308.76 to
60903.04)

21.47
(18.48 to
24.84)

�17(�30.93
to 1.46)

383142.34
(323869.56 to
448548.84)

156.25
(132.07 to
182.92)

�3.4
(�21.31 to
22.18)

10407.11
(9192.9 to
11528.09)

4.24(3.75
to 4.7)

�51.9
(�59.31 to
�42.62)

881335.02
(777006.47 to
981911.43)

359.41(316.86 to
400.42)

�51.73(�59.35 to
�42.17)

Girl 23376.84
(20936.11 to
25908.88)

19.95
(17.87 to
22.11)

�22.22
(�37.52 to
�1.16)

169955.72
(151549.08 to
189498.79)

145.05
(129.34 to
161.73)

�12.16
(�31.36 to
16.11)

4529.63
(4091.52 to
4942.41)

3.87(3.49
to 4.22)

�53.21
(�60.42 to
�44.83)

384191.88
(345882.55 to
420191.81)

327.88(295.19 to
358.61)

�53.16(�60.55 to
�44.4)

Boy 29266.03
(23080.35 to
35901.16)

22.86
(18.03 to
28.04)

�12.31
(�32.09 to
11.61)

213186.62
(163078.01 to
269509.74)

166.49
(127.36 to
210.48)

5(�21.01 to
35.86)

5877.48
(5029.51 to
6738.31)

4.59(3.93
to 5.26)

�50.92
(�60.53 to
�35.06)

497143.14
(425528.38 to
572368.14)

388.26(332.33 to
447)

�50.65(�60.47 to
�34.37)

Middle SDI Both 87649.12
(78035.26 to
97771.18)

15.83
(14.1 to
17.66)

�32.16
(�46.66 to
�10.39)

581582.43
(516279.07 to
648458.76)

105.05
(93.26 to
117.14)

�25.25
(�42.78 to
8.31)

25576.09
(22703.19 to
28637.01)

4.62(4.1
to 5.17)

�49.77
(�59.71 to
�36.62)

2138536.96
(1890422.82 to
2391649.43)

386.3(341.48 to
432.02)

�50.3(�60.18 to
�37.04)

Girl 41501.6
(37174.81 to
45794.87)

15.67
(14.04 to
17.29)

�35.05
(�49.91 to
�10.14)

281070.61
(250987.74 to
311108.85)

106.14
(94.78 to
117.49)

�30.69
(�49.22 to
4.2)

10880.91
(9752.2 to
12100.68)

4.11(3.68
to 4.57)

�52.43
(�61.66 to
�38.83)

910980.37
(815693.39 to
1013099.84)

344.03(308.04 to
382.59)

�53.01(�62.12 to
�39.29)

Boy 46147.51
(38871.09 to
53755.23)

15.98
(13.46 to
18.61)

�29.25
(�50.63 to
4.09)

300511.82
(254860 to
348366.19)

104.06
(88.25 to
120.63)

�19.09
(�46.36 to
23.43)

14695.18
(12540.47 to
16974.57)

5.09(4.34
to 5.88)

�47.69
(�60.94 to
�22.7)

1227556.58
(1043762.21 to
1417674.66)

425.06(361.41 to
490.89)

�48.15(�61.42 to
�22.71)

Low-middle
SDI

Both 60620.83
(50733.8 to
71943.63)

11.58
(9.69 to
13.74)

�28.84
(�47.68 to
3.49)

311943.32
(257745.9 to
379633.47)

59.58
(49.23 to
72.51)

�28.82
(�49.91 to
10.42)

27085.13
(22743.71 to
31786.68)

5.17(4.34
to 6.07)

�37.92
(�54.26 to
�10.5)

2252684.75
(1885779.32 to
2647086.72)

430.27(360.19 to
505.6)

�38.9(�55.15 to
�11.44)

Girl 27984.01
(23200.34 to
33334.32)

11.02
(9.14 to
13.13)

�33.92
(�53.87 to
3.58)

153004.63
(124948.7 to
188047.61)

60.27
(49.22 to
74.07)

�35.27
(�58.27 to
7.45)

11587.62
(9685.83 to
13698.49)

4.56(3.82
to 5.4)

�40.22
(�55.79 to
�11.39)

963586.27
(805719.88 to
1137875.12)

379.56(317.38 to
448.21)

�41.3(�56.7 to
�11.96)

Boy 32636.82
(27064.22 to
39327.37)

12.1
(10.04 to
14.58)

�23.82
(�48.34 to
22.03)

158938.68
(131014.53 to
196238.71)

58.94
(48.58 to
72.77)

�21.25
(�50.54 to
30.54)

15497.51
(12925.88 to
18606.87)

5.75(4.79
to 6.9)

�36.1
(�55.37 to
2.23)

1289098.49
(1075386.44 to
1548880.45)

478.01(398.77 to
574.34)

�36.99(�56.15 to
1.59)

Low SDI Both 55206.62
(42558.48 to
69364.14)

11.67(9 to
14.67)

�30.16
(�52.72 to
23.37)

264093.45
(198772.43 to
338392.1)

55.85
(42.03 to
71.56)

�28.56
(�53.44 to
34.81)

31418.5
(24504.59 to
39158.48)

6.64(5.18
to 8.28)

�38.98
(�56.97 to
�2.5)

2656809.83
(2063544.7 to
3316793.6)

561.84(436.38 to
701.41)

�39.75(�57.7 to
�3.25)

(continued on next page)
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Results

Global childhood cancer burden

In 2019, 291,319 (95% UI, 254,239 to 331,993) new cases and
98,834 (86,124 to 113,581) deaths of childhood cancer were docu-
mented, with 1,806,630 (1,567,808 to 2,089,668) prevalent cases.
There were 8,302,464 (7,230,447 to 9,555,118) DALYs recorded in
the same year (Table 1). In the context of sex, the incidence and
prevalence of childhood cancer were more considerable among
boys than girls, so as the deaths and DALYs (Table 1). Further,
among all age groups, children aged 1�4 years had the highest
childhood cancer incidence, prevalence, death, and DALYs, whereas
children under 1 year always had the lowest figures of all these esti-
mates (Supplementary Fig. 1). Over the past 30 years, the global
childhood cancer age-standardized incidence, prevalence, death,
and DALY rates have markedly decreased. More specifically, as
shown in Fig. 1, the global age-standardized incidence rate (ASIR)
and age-standardized prevalence rate (ASPR) have significantly
decreased since 1990, and the most notable declines were observed
between 2000 and 2003 (ASIR: APC = � 3.3% [95% CI, � 4.1% to �
2.4%], p < 0.05; ASPR: APC = � 3.2% [� 4.2% to � 2.1%], p < 0.05).
However, ASPR remained stable between 2007 and 2010 and then
has been consistently declining in recent 10 years. Similarly, age-
standardized death and DALY rates of childhood cancer consider-
ably decreased with different APCs, which were also most remark-
able between 2000 and 2003 (age-standardized death rate [ASDR]:
APC = � 4.0% [� 4.9% to � 3.1%], p < 0.05; age-standardized DALY
rate: APC = � 3.9% [� 4.8% to � 3.1%], p < 0.05) (Fig. 1).
Regional and national childhood cancer burden

Regionally, in 2019, the highest ASIR and ASPR of childhood
cancer were in East Asia, followed by Western Europe, and age-
standardized death and DALY rates were highest in Eastern Sub-
Saharan Africa, followed by the Caribbean (Fig. 2 and Supplemen-
tary Table 1). However, Southern Sub-Saharan Africa showed the
lowest age-standardized incidence, prevalence, death, and DALY
rates in 2019. Since 1990, the ASIR and ASPR of childhood cancer
had been decreasing in most regions, with the greatest decrease
being observed in Central Sub-Saharan Africa. However, the great-
est increases were observed in Australasia for ASIR and Southern
Latin America for ASPR (Fig. 2 and Supplementary Table 1). Regard-
ing age-standardized death and DALY rates, all regions have shown
a downward trend over the past 30 years, with the greatest decline
being observed in East Asia (Fig. 2 and Supplementary Table 1).

At the national level, in 2019, the highest ASIR and ASPR of
childhood cancer were sequentially shown in San Marino, Monaco,
Albania, and Canada, whereas Haiti, Malawi, and Tanzania were 3
countries with the highest reported age-standardized death and
DALY rates (Fig. 3). Over the past 30 years, over 100 countries have
shown decreasing trends in ASIR and ASPR of childhood cancer,
and over 180 countries have experienced falling age-
standardized death and DALY rates. North Korea showed the high-
est decrease in ASIR and ASPR, whereas Serbia had the greatest
decrease in age-standardized death and DALY rates. Meanwhile,
Botswana had the greatest increase in age-standardized incidence,
prevalence, death, and DALY rates of childhood cancer among all
nations (Supplementary Table 2).
Childhood cancer burden and SDI

Childhood cancer burden differed substantially based on SDI. As
shown in Fig. 4, ASIR and ASPR of childhood cancer were more
notable in higher SDI quintiles. ASIR and ASPR of childhood cancer



Fig. 1. Global trends for age-standardized rates (per 100,000 population) of childhood cancer from 1990 to 2019. (a) age-standardized incidence rate; (b) age-standardized
prevalence rate; (c) age-standardized death rate; (d) age-standardized DALY rate. Abbreviations: DALY disability-adjusted life-year.
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increased with SDI in the expected pattern, but the regional pat-
terns presented great variations. Some regions showed decreasing
ASIR and ASPR according to SDI, whereas others showed increasing
rates or did not have monotonic associations with SDI. In contrast,
the expected pattern and regional patterns showed similar trends
in the associations between the SDI and age-standardized death
and DALY rates. Age-standardized death and DALY rates markedly
decreased according to SDI, with areas with higher SDI showing
lower age-standardized death and DALY rates (Fig. 4). Since
1990, age-standardized incidence, death, and DALY rates have
decreased in all SDI quintiles (Supplementary Fig. 2). High-
middle SDI countries showed the largest decrease in age-
standardized death and DALY rates, but low SDI countries showed
the lowest declines. However, countries with high SDI showed the
lowest decrease in ASIR and even had an increasing ASPR (Table 1
and Supplementary Fig. 2).

Different cancers burdens among children

In 2019, leukemia was the most common cancer and the most
common cause of death and DALYs among children with cancers
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of both sexes and all ages worldwide. Other three common causes
of death among children with cancers included other malignant
neoplasms (uncategorized malignant neoplasms), brain and cen-
tral nervous system (CNS) cancer, and non-Hodgkin lymphoma
(NHL) (Table 2). The global, regional, and national ranks of different
cancers among children in 2019 are described in Fig. 5 and Supple-
mentary Figs. 3–9. In the last 30 years, leukemia has had the great-
est drop in age-standardized incidence, prevalence, death, and
DALY rates, whereas ovarian cancer has had the most significant
increase in age-standardized incidence, death, and DALY rates
(Fig. 6).

The types of cancer among children vary according to age. Chil-
dren aged over 5 years can be affected by all types of cancer, while
tracheal, bronchus, and lung cancer was rare in children and
occurred exclusively among children aged 10�14 years (Supple-
mentary Fig. 10). However, besides the 4 common causes of death
mentioned above for all aged children with cancer, children aged
1�4 years can be affected by the other five types of cancers, includ-
ing Hodgkin lymphoma, kidney cancer, liver cancer, malignant skin
cancer, and testicular cancer, among which Hodgkin lymphoma did
not occur in children under 1 year (Supplementary Fig. 10).



Fig. 2. Regional age-standardized rates (per 100,000 population) of childhood cancer in 2019 and their percentage changes in rates for different sexes from 1990 to 2019. (a)
age-standardized incidence rate in 2019; (b) percentage change in age-standardized incidence rate, 1990�2019; (c) age-standardized prevalence rate in 2019; (d) percentage
change in age-standardized prevalence rate, 1990�2019; (e) age-standardized death rate in 2019; (f) percentage change in age-standardized death rate, 1990�2019; (g) age-
standardized DALY rate in 2019; (h) percentage change in age-standardized DALY rate, 1990�2019. Abbreviations: DALY disability-adjusted life-year.
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Fig. 3. National age-standardized rates (per 100,000 population) of childhood cancer for both sexes combined in 2019. (a) age-standardized incidence rate; (b) age-
standardized prevalence rate; (c) age-standardized death rate; (d) age-standardized DALY rate. Abbreviations: DALY disability-adjusted life-year. Note: The original data was
obtained from the GBD studies. There might be problems in regional division, which however was not the key point for this study.
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Global top 3 cancers among children

We now present a more specific account of the global top three
cancers burdens among children. Our ranking was based on the
number of deaths caused by different cancers, and excluding the
‘‘other malignant neoplasms.”

Leukemia

In 2019, 106,082 (91,353 to 123,151) incident cases and 34,371
(29,486 to 39,862) deaths from leukemia were recorded worldwide
(Table 2). In the same year, there were 657,563 (560,194 to
770,510) prevalent cases and 2,905,011 (2,479,706 to 3,374,489)
DALYs reported globally. Compared with girls, boys are more likely
to develop leukemia (with higher incidence and prevalence) and
had higher death and DALYs. Among the different age groups, the
incidence, prevalence, death, and DALYs of leukemia were highest
among children aged 1�4 years. However, the incidence and
prevalence of leukemia were lowest among children aged < 1 year,
but deaths and DALYs were lowest among children aged 10�14
years (Fig. 7). In terms of subtypes, acute lymphoid leukemia
(ALL) contributed to most deaths and DALYs and had the second-
highest incidence and prevalence for children, following uncatego-
rized leukemia, which is the sum of other different subtypes of leu-
kemia (Table 2). In 2019, the highest ASIR and ASPR of leukemia
occurred in high-middle SDI settings, whereas the highest age-
standardized death and DALY rates were observed in low SDI set-
tings. Among the 21 regions, East Asia had the highest ASIR and
ASPR in 2019, but the Caribbean and Eastern Sub-Saharan Africa
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showed the highest age-standardized death and DALY rates,
respectively (Supplementary Table 3). Over the last 30 years, leu-
kemia burden has decreased significantly in all regions, except
for ASIR and ASPR in Oceania, which had the largest number of
countries with an increasing leukemia burden (Supplementary
Tables 3 and 4).

Brain and central nervous system cancer

In 2019, 39,933 (30,818 to 46,720) incident cases and 19,988
(15,400 to 23,489) deaths of brain and CNS cancer were docu-
mented globally, with 174,646 (135,737 to 204,587) prevalent
cases (Table 2). Meanwhile, 1,666,432 (1,287,204 to 1,964,915)
DALYs were recorded in the same year (Table 2). The age-
standardized incidence, death, and DALY rates of brain and CNS
cancer were modestly higher among boys than girls (Supplemen-
tary Table 5). Regarding age groups, the incidence and prevalence
of brain and CNS cancer were highest among children aged 1�4
years, whereas the number of deaths and DALYs were greatest
among children aged 5�9 years (Supplementary Table 5). In
2019, the highest ASIR and ASPR were observed in high SDI set-
tings, which also had the lowest age-standardized death and DALY
rates. However, the highest age-standardized death and DALY rates
occurred in high-middle SDI settings. Meanwhile, the lowest ASIR
and ASPR were found in low SDI settings (Supplementary Table 5).
Among the 21 regions, East Asia had the highest ASIR in 2019, and
Tropical Latin America had the highest age-standardized death and
DALY rates. The lowest age-standardized incidence, prevalence,
death, and DALY rates of brain and CNS cancer occurred in South-



Fig. 4. Trends for age-standardized rates (per 100,000 population) of childhood
cancer among 21 regions by SDI for both sexes combined from 1990 to 2019. (a)
age-standardized incidence rate; (b) age-standardized prevalence rate; (c) age-
standardized death rate; (d) age-standardized DALY rate. Abbreviations: SDI
sociodemographic index; DALY disability-adjusted life-year.
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ern Sub-Saharan Africa. Over the last 30 years, East Asia has shown
the greatest decrease in age-standardized death and DALY rates,
while the Caribbean has shown the largest increase in age-
standardized incidence, death, and DALY rates of brain and CNS
cancer, with a large number of countries with increasing burdens
(Supplementary Table 5 and 6).
Non-Hodgkin lymphoma

In 2019, 14,793 (12,073 to 18,722) incident cases and 5,825
(5,052 to 6,688) deaths from NHL were recorded globally, with
26,552 (20,518 to 33,519) prevalent cases. The global DALYs of
NHL were 482,430 (418,445 to 553,690) in 2019 (Table 2). Regard-
ing sex, the age-standardized incidence, prevalence, death, and
DALY rates of NHL were higher in boys compared to girls (Supple-
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mentary Table 7). NHL did not affect children aged under 1 year
but resulted in the greatest number of deaths and DALYs among
children aged 1�4 years. (Supplementary Table 7). In 2019, low
SDI settings showed the lowest ASIR and ASPR of NHL but the high-
est age-standardized death and DALY rates. However, the highest
ASIR and ASPR were observed in the high-middle SDI settings,
and the lowest age-standardized death and DALY rates were
observed in high SDI settings (Supplementary Table 7). Among
21 regions, the Caribbean showed the highest age-standardized
incidence, deaths, and DALY rates of NHL, and the second-highest
ASPR, following Andean Latin America. In the last 30 years, the glo-
bal burden of NHL has had a notable drop in all five SDI quintiles
and 173 countries have experienced decreasing age-standardized
death and DALY rates (Supplementary Table 8). The most signifi-
cant decrease was observed in high SDI settings, with the greatest
decrease in ASIR being reported in Eastern Europe and the greatest
decrease in age-standardized death and DALY rates appearing in
the high-income Asia Pacific (Supplementary Tables 7 and 8).
Meanwhile, South Asia had the greatest increase in ASIR and ASPR,
and Central Asia showed the largest increase in age-standardized
death and DALY rates during the past 30 years (Supplementary
Table 7).
Discussion

To the best of our knowledge, this study is the latest and most
comprehensive analysis of global, regional, and national cancer
burden among children under 15 years of age during the past 30
years. Childhood cancers are relatively rare compared to other
childhood diseases [18]. However, childhood cancers have long-
term effects on survivors, leading to financial hardship and an ele-
vated risk of subsequent neoplasms and chronic complications [9].
According to our study, there were 291.3 thousand new cases and
98.8 thousand deaths of childhood cancers occurring worldwide in
2019, with a prevalence of 1.8 million and DALYs of 8.3 million.
Consistent with previous studies, this study showed that, since
1990, there has been a global decline in the number of deaths
and DALYs due to childhood cancers [19], which is possibly due
to more accurate diagnoses and better cancer treatments in recent
years. However, according to the estimation of the Lancet Oncology
Commission, 13.7 million cases will be diagnosed and 11.1 million
children will die due to childhood cancers in the next 30 years [20],
thus posing a huge challenge to children’s health and social
development.

The childhood cancer burden differed substantially among
regions and nations according to SDI. Compared with the countries
with low SDI, the ASIR and ASPR of childhood cancer were more
notable in higher SDI quintiles, and only the high SDI quintile
showed an increase in ASPR since 1990. In contrast, the age-
standardized death and DALY rates of childhood cancer markedly
decreased with SDI, and the declines in lower SDI settings were
lower than those in high SDI settings. In HICs, advanced screening
facilities, medical care systems, and easier access to health care
have led to increased incidence and downward trends in deaths
and disability [19,21]. However, most children with cancer live in
LMICs, which only possess less than 5% of global resources for can-
cer care and control [22], thus causing elevated death and disabil-
ity rates. Inadequate healthcare infrastructures in LMICs also
resulted in delayed diagnosis, underdiagnosis, suboptimal support-
ive care of childhood cancers, and a low level of social development
which in turn results in a lack of awareness, cultural and educa-
tional barriers, and coexisting harsh conditions such as malnutri-
tion and infections [23,24]. As our results showed, the ASIR and
ASPR of childhood cancer showed large variations among regions,
indicating the factors other than sociodemographic development



Table 2
Global burden of different childhood cancers in 2019.

Cancers Subtypes Sex Incidence (95% UI) Prevalence (95% UI) Death (95% UI) DALY (95% UI)

Count ASIR
(per
100,000)

Count ASPR
(per
100,000)

Count ASDR
(per
100,000)

Count Age-
standardized
DALY rate (per
100,000)

Brain and
central
nervous
system
cancer

Both 39932.68
(30818.28 to
46720.18)

2.04
(1.57 to
2.38)

174645.96
(135736.86 to
204587.1)

8.91
(6.93 to
10.44)

19988.32
(15399.65 to
23488.92)

1.02
(0.79 to
1.2)

1666431.54
(1287203.73 to
1964915.34)

85.03(65.68 to
100.26)

Girl 17675.71
(13158.43 to
20776.42)

1.86
(1.39 to
2.19)

84974.9
(62195.09 to
101247.94)

8.96
(6.56 to
10.68)

8217.52
(6304.88 to
9642.08)

0.87
(0.67 to
1.02)

683871.2
(523085.39 to
803542.23)

72.13(55.17 to
84.76)

Boy 22256.97
(15992.54 to
27307.38)

2.2(1.58
to 2.7)

89671.06
(63230.94 to
109152.83)

8.86
(6.25 to
10.79)

11770.8
(8383.43 to
14571.24)

1.16
(0.83 to
1.44)

982560.34
(697329.81 to
1216618.76)

97.12(68.93 to
120.26)

Colon and
rectum
cancer

Both 1045.95
(928.91 to
1167.86)

0.05
(0.05 to
0.06)

6016.5
(5372.81 to
6703.53)

0.31
(0.27 to
0.34)

468.68
(409.84 to
528.59)

0.02
(0.02 to
0.03)

37651.16
(32919.89 to
42604.06)

1.92(1.68 to 2.17)

Girl 498.67
(437.56 to
559.23)

0.05
(0.05 to
0.06)

2737.41
(2432.97 to
3055.21)

0.29
(0.26 to
0.32)

225.41
(194.38 to
256.42)

0.02
(0.02 to
0.03)

18055.71
(15509.55 to
20574.24)

1.9(1.64 to 2.17)

Boy 547.27
(473.09 to
625.71)

0.05
(0.05 to
0.06)

3279.1
(2840.99 to
3742.34)

0.32
(0.28 to
0.37)

243.27
(208.48 to
279.9)

0.02
(0.02 to
0.03)

19595.45
(16746.89 to
22548.64)

1.94(1.66 to 2.23)

Hodgkin
lymphoma

Both 4612.98
(3691.63 to
5390.26)

0.24
(0.19 to
0.28)

26443.22
(21929 to
30430.65)

1.35
(1.12 to
1.55)

1728.12
(1254.52 to
2101.37)

0.09
(0.06 to
0.11)

139274.56
(100967.31 to
169386.07)

7.11(5.15 to 8.64)

Girl 1541.49
(1192.67 to
1825.24)

0.16
(0.13 to
0.19)

10099.02
(8077.61 to
11923.3)

1.07
(0.85 to
1.26)

457.39
(310.76 to
576.99)

0.05
(0.03 to
0.06)

36917.86
(25146.57 to
46517.9)

3.89(2.65 to 4.91)

Boy 3071.49
(2249.75 to
3795.75)

0.3(0.22
to 0.38)

16344.19
(12641.32 to
19990.81)

1.62
(1.25 to
1.98)

1270.72
(867.74 to
1636.34)

0.13
(0.09 to
0.16)

102356.7
(69701.41 to
131124.81)

10.12(6.89 to
12.96)

Kidney cancer Both 12290.89
(10539.58 to
14157.48)

0.63
(0.54 to
0.72)

87149.24
(75172.76 to
100004.83)

4.45
(3.84 to
5.1)

2712.67
(2232.78 to
3241.82)

0.14
(0.11 to
0.17)

234677.39
(193009.25 to
280652.88)

11.97(9.85 to
14.32)

Girl 6202.57
(5340.49 to
7106.01)

0.65
(0.56 to
0.75)

46054.92
(39626.77 to
52958.06)

4.86
(4.18 to
5.59)

1100.89
(948.09 to
1261.88)

0.12(0.1
to 0.13)

95452.08
(82068.78 to
109419.71)

10.07(8.66 to
11.54)

Boy 6088.32
(5112.98 to
7189.89)

0.6(0.51
to 0.71)

41094.32
(34615.54 to
48195.53)

4.06
(3.42 to
4.76)

1611.77
(1263.83 to
2001.52)

0.16
(0.12 to
0.2)

139225.31
(109055.02 to
173105.84)

13.76(10.78 to
17.11)

Leukemia Total Both 106082.25
(91352.8 to
123151.35)

5.41
(4.66 to
6.28)

657563.11
(560193.61 to
770510.43)

33.55
(28.59 to
39.32)

34371.23
(29486.26 to
39862.32)

1.75(1.5
to 2.03)

2905010.62
(2479706.34 to
3374489.69)

148.24(126.53 to
172.19)

Girl 50253.49
(42572.52 to
58960.49)

5.3(4.49
to 6.22)

326684.68
(270551.94 to
388662.65)

34.46
(28.54 to
41)

14286.59
(12188.03 to
16243.09)

1.51
(1.29 to
1.71)

1210756.13
(1030391.36 to
1381967.23)

127.71(108.69 to
145.77)

Boy 55828.76
(45970.42 to
66676.87)

5.52
(4.54 to
6.59)

330878.43
(274439.08 to
405177.79)

32.71
(27.13 to
40.05)

20084.64
(16257.62 to
23847.97)

1.99
(1.61 to
2.36)

1694254.49
(1369307.19 to
2016366.94)

167.47(135.35 to
199.31)

Acute
lymphoid
leukemia

Both 33898.85
(27955.75 to
39249.58)

1.73
(1.43 to
2)

172648.53
(143302.11 to
201255.93)

8.81
(7.31 to
10.27)

15503.23
(12622.8 to
18432.03)

0.79
(0.64 to
0.94)

1291630.42
(1050466.24 to
1539599.85)

65.91(53.6 to
78.56)

Girl 14339.96
(11276.14 to
17662.17)

1.51
(1.19 to
1.86)

77698.9
(60623.81 to
95823.17)

8.2(6.39
to 10.11)

6023.9
(4631.95 to
7692.15)

0.64
(0.49 to
0.81)

502017.96
(384196.44 to
645156.01)

52.95(40.52 to
68.05)

Boy 19558.89
(15037.39 to
23250.87)

1.93
(1.49 to
2.3)

94949.63
(74098.35 to
114042.4)

9.39
(7.32 to
11.27)

9479.33
(7151.46 to
11441.53)

0.94
(0.71 to
1.13)

789612.46
(593069.98 to
958109.52)

78.05(58.62 to
94.7)

Acute
myeloid
leukemia

Both 12549.8
(10452.38 to
15108.48)

0.64
(0.53 to
0.77)

31058.47
(25662 to
37750.92)

1.58
(1.31 to
1.93)

7133.74
(5987.05 to
8530.04)

0.36
(0.31 to
0.44)

594716.8
(497574.03 to
713624.47)

30.35(25.39 to
36.41)

Girl 5491.27
(4414.54 to
7041.43)

0.58
(0.47 to
0.74)

15473.43
(12045.22 to
20376.07)

1.63
(1.27 to
2.15)

2903.57
(2370.66 to
3686.49)

0.31
(0.25 to
0.39)

241031.01
(196528.11 to
309039.44)

25.42(20.73 to
32.6)

Boy 7058.52
(5341.32 to
9107.39)

0.7(0.53
to 0.9)

15585.04
(11612.29 to
20252.1)

1.54
(1.15 to
2)

4230.17
(3240.1 to
5472.62)

0.42
(0.32 to
0.54)

353685.78
(270144.37 to
456757.06)

34.96(26.7 to
45.15)

Chronic
myeloid
leukemia

Both 3309.27
(2240.68 to
4986.88)

0.17
(0.11 to
0.25)

9329.23
(6801.09 to
13239.65)

0.48
(0.35 to
0.68)

1964.5
(1284.51 to
3031.38)

0.1(0.07
to 0.15)

166325.52
(107565.83 to
258378.33)

8.49(5.49 to
13.18)

Girl 1314.82
(934.36 to
1828.44)

0.14(0.1
to 0.19)

3982.78
(2977.72 to
5142.66)

0.42
(0.31 to
0.54)

756.43
(498.98 to
1103.92)

0.08
(0.05 to
0.12)

63665.39
(41649.49 to
93711.15)

6.72(4.39 to 9.88)

(continued on next page)
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Table 2 (continued)

Cancers Subtypes Sex Incidence (95% UI) Prevalence (95% UI) Death (95% UI) DALY (95% UI)

Count ASIR
(per
100,000)

Count ASPR
(per
100,000)

Count ASDR
(per
100,000)

Count Age-
standardized
DALY rate (per
100,000)

Boy 1994.46
(1171.69 to
3342.7)

0.2(0.12
to 0.33)

5346.45
(3387.44 to
8525.65)

0.53
(0.33 to
0.84)

1208.07
(695.46 to
2054.53)

0.12
(0.07 to
0.2)

102660.13
(58010.87 to
176106.34)

10.15(5.73 to
17.41)

Other
leukemia

Both 56324.33
(46771.89 to
68839.35)

2.87
(2.39 to
3.51)

444526.88
(370151.95 to
543686.54)

22.68
(18.89 to
27.74)

9769.76
(7898.45 to
12048.56)

0.5(0.4
to 0.61)

852337.89
(688008.17 to
1057097.59)

43.49(35.11 to
53.94)

Girl 29107.44
(21609.33 to
36932.55)

3.07
(2.28 to
3.9)

229529.57
(170843.35 to
289954.6)

24.21
(18.02 to
30.58)

4602.69
(3287.51 to
5901.7)

0.49
(0.35 to
0.62)

404041.77
(285965.51 to
517863.93)

42.62(30.16 to
54.62)

Boy 27216.9
(21955.3 to
34464.78)

2.69
(2.17 to
3.41)

214997.32
(172815.85 to
272136.25)

21.25
(17.08 to
26.9)

5167.07
(4175.27 to
6715.65)

0.51
(0.41 to
0.66)

448296.12
(362590.46 to
584832.78)

44.31(35.84 to
57.81)

Lip and oral
cavity cancer

Both 1085.75
(923.03 to
1268.71)

0.06
(0.05 to
0.06)

5930.52
(5059.31 to
6901.89)

0.3(0.26
to 0.35)

336.68
(280.12 to
395.72)

0.02
(0.01 to
0.02)

26907.89
(22480.62 to
31513.69)

1.37(1.15 to 1.61)

Girl 663.82
(551.95 to
786.99)

0.07
(0.06 to
0.08)

3748.11
(3133.24 to
4451.61)

0.4(0.33
to 0.47)

189.56
(154.48 to
228.24)

0.02
(0.02 to
0.02)

15167.52
(12330.32 to
18220.55)

1.6(1.3 to 1.92)

Boy 421.93
(353.38 to
503.32)

0.04
(0.03 to
0.05)

2182.42
(1834.65 to
2610.15)

0.22
(0.18 to
0.26)

147.12
(121.53 to
176.35)

0.01
(0.01 to
0.02)

11740.37
(9702.1 to
14084.32)

1.16(0.96 to 1.39)

Liver cancer Total Both 3718.97
(2962.31 to
4785.39)

0.19
(0.15 to
0.24)

5850.74
(4354.24 to
7849.8)

0.3(0.22
to 0.4)

3289.71
(2673.07 to
3938.99)

0.17
(0.14 to
0.2)

274538.2
(222377.62 to
330244.74)

14.01(11.35 to
16.85)

Girl 1704.16
(1314.04 to
2194.89)

0.18
(0.14 to
0.23)

2776.53
(2022.71 to
3744.11)

0.29
(0.21 to
0.39)

1530.2
(1199.55 to
1876.35)

0.16
(0.13 to
0.2)

128243.56
(100199.41 to
157558.28)

13.53(10.57 to
16.62)

Boy 2014.81
(1606.85 to
2676.88)

0.2(0.16
to 0.26)

3074.22
(2314.47 to
4122.71)

0.3(0.23
to 0.41)

1759.51
(1413.94 to
2120.99)

0.17
(0.14 to
0.21)

146294.64
(116795.81 to
177602.79)

14.46(11.54 to
17.56)

Liver cancer
due to
hepatitis B

Both 557.28(431.1
to 705.77)

0.03
(0.02 to
0.04)

978.06(761.24
to 1234.24)

0.05
(0.04 to
0.06)

338.26
(258.03 to
431.66)

0.02
(0.01 to
0.02)

25987.69
(19832.44 to
33124.62)

1.33(1.01 to 1.69)

Girl 146.22
(105.51 to
197.5)

0.02
(0.01 to
0.02)

262.43(192.99
to 351.82)

0.03
(0.02 to
0.04)

92.72(65.61
to 126.12)

0.01
(0.01 to
0.01)

7123.38
(5044.12 to
9685.06)

0.75(0.53 to 1.02)

Boy 411.06
(323.51 to
521.57)

0.04
(0.03 to
0.05)

715.63(565.95
to 902.28)

0.07
(0.06 to
0.09)

245.54
(189.38 to
314.29)

0.02
(0.02 to
0.03)

18864.31
(14538.17 to
24134.76)

1.86(1.44 to 2.39)

Liver cancer
due to
hepatitis C

Both 18.04(9.55 to
32.04)

0(0 to 0) 32.21(17.31 to
56.57)

0(0 to 0) 12.17(5.93 to
23.09)

0(0 to 0) 934.7(456 to
1770.57)

0.05(0.02 to 0.09)

Girl 8.6(4.56 to
15.09)

0(0 to 0) 15.45(8.27 to
26.82)

0(0 to 0) 6.52(3.39 to
11.65)

0(0 to 0) 500.16(260.46
to 894.75)

0.05(0.03 to 0.09)

Boy 9.43(4.75 to
17.07)

0(0 to 0) 16.76(8.71 to
29.85)

0(0 to 0) 5.66(2.34 to
11.49)

0(0 to 0) 434.54(180.47
to 882.54)

0.04(0.02 to 0.09)

Liver cancer
due to other
causes

Both 3143.65
(2431.36 to
4121.66)

0.16
(0.12 to
0.21)

4840.48
(3416.07 to
6827.28)

0.25
(0.17 to
0.35)

2939.27
(2354.87 to
3566.06)

0.15
(0.12 to
0.18)

247615.81
(197534.22 to
301311.93)

12.64(10.08 to
15.38)

Girl 1549.33
(1179.98 to
2023.76)

0.16
(0.12 to
0.21)

2498.65
(1743.65 to
3482.44)

0.26
(0.18 to
0.37)

1430.96
(1113.12 to
1763.82)

0.15
(0.12 to
0.19)

120620.01
(93575.04 to
149246.83)

12.72(9.87 to
15.74)

Boy 1594.32
(1226.92 to
2195.53)

0.16
(0.12 to
0.22)

2341.83
(1650.08 to
3393.88)

0.23
(0.16 to
0.34)

1508.31
(1198.72 to
1845.05)

0.15
(0.12 to
0.18)

126995.79
(100543.93 to
155366.94)

12.55(9.94 to
15.36)

Malignant skin
melanoma

Both 1829.41
(1154.92 to
3411.94)

0.09
(0.06 to
0.17)

14860.13
(9088.48 to
29155.69)

0.76
(0.46 to
1.49)

289.89
(212.49 to
443.93)

0.01
(0.01 to
0.02)

24832.81
(17814.51 to
38239.23)

1.27(0.91 to 1.95)

Girl 1070(611.24
to 1956.99)

0.11
(0.06 to
0.21)

9008.71
(4959.02 to
16932.47)

0.95
(0.52 to
1.79)

137.95(99.13
to 214.19)

0.01
(0.01 to
0.02)

11934.91
(8371.17 to
19148.51)

1.26(0.88 to 2.02)

Boy 759.41
(495.57 to
2040.11)

0.08
(0.05 to
0.2)

5851.42
(3760.31 to
17376.22)

0.58
(0.37 to
1.72)

151.95
(105.18 to
277.7)

0.02
(0.01 to
0.03)

12897.91
(8815.73 to
23967.53)

1.27(0.87 to 2.37)

Nasopharynx
cancer

Both 1119.89
(994.15 to
1251.81)

0.06
(0.05 to
0.06)

6301.74(5638
to 7038.31)

0.32
(0.29 to
0.36)

437.87
(374.77 to
503.38)

0.02
(0.02 to
0.03)

34736.47
(29805.47 to
39827.45)

1.77(1.52 to 2.03)

Girl 481.05
(424.24 to
541.25)

0.05
(0.04 to
0.06)

2787.05
(2481.13 to
3127.38)

0.29
(0.26 to
0.33)

164.36(136.9
to 194.27)

0.02
(0.01 to
0.02)

13090.3
(10943.64 to
15475.21)

1.38(1.15 to 1.63)

Boy 638.84
(547.34 to
753.9)

0.06
(0.05 to
0.07)

3514.68
(3003.5 to
4155.61)

0.35(0.3
to 0.41)

273.51
(230.32 to
324.1)

0.03
(0.02 to
0.03)

21646.17
(18271.4 to
25641.03)

2.14(1.81 to 2.53)
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Table 2 (continued)

Cancers Subtypes Sex Incidence (95% UI) Prevalence (95% UI) Death (95% UI) DALY (95% UI)

Count ASIR
(per
100,000)

Count ASPR
(per
100,000)

Count ASDR
(per
100,000)

Count Age-
standardized
DALY rate (per
100,000)

Non-Hodgkin
lymphoma

Both 14792.67
(12072.59 to
18722.38)

0.75
(0.62 to
0.96)

26551.9
(20517.9 to
33518.96)

1.35
(1.05 to
1.71)

5825.11
(5052 to
6688.4)

0.3(0.26
to 0.34)

482430.01
(418444.58 to
553689.66)

24.62(21.35 to
28.25)

Girl 5359.35
(4297.12 to
6719.57)

0.57
(0.45 to
0.71)

3336.89
(2093.98 to
5136.9)

0.35
(0.22 to
0.54)

2083.84
(1797.8 to
2401.87)

0.22
(0.19 to
0.25)

172342.48
(148925.07 to
198152.88)

18.18(15.71 to
20.9)

Boy 9433.32
(7732.26 to
11887.43)

0.93
(0.76 to
1.18)

23215
(18118.75 to
29391.52)

2.29
(1.79 to
2.91)

3741.26
(3221.12 to
4346.19)

0.37
(0.32 to
0.43)

310087.53
(266397.25 to
360193.96)

30.65(26.33 to
35.6)

Other malignant
neoplasms

Both 80604.32
(71268 to
92038.42)

4.11
(3.64 to
4.7)

531221.74
(461520.37 to
619863.6)

27.11
(23.55 to
31.63)

27913.56
(23421.58 to
32944.7)

1.42(1.2
to 1.68)

2346447.92
(1965435.5 to
2775193.82)

119.73(100.29 to
141.61)

Girl 44181.75
(39014.45 to
50294.68)

4.66
(4.12 to
5.31)

297330.12
(260511.07 to
344885.97)

31.36
(27.48 to
36.38)

12284.9
(10389.11 to
14742.24)

1.3(1.1
to 1.56)

1033732.33
(873530.61 to
1239676.39)

109.04(92.14 to
130.76)

Boy 36422.57
(30789.23 to
42819.95)

3.6(3.04
to 4.23)

233891.61
(193443.81 to
282781.58)

23.12
(19.12 to
27.95)

15628.66
(12877.71 to
18675.06)

1.54
(1.27 to
1.85)

1312715.6
(1079167.31 to
1574185.59)

129.76(106.67 to
155.6)

Ovarian cancer Both 2512.34
(2057.64 to
3032.04)

0.13(0.1
to 0.15)

17151.82
(14031.61 to
20593.02)

0.88
(0.72 to
1.05)

537.67
(435.83 to
661.62)

0.03
(0.02 to
0.03)

43335.58
(35221.16 to
53336.66)

2.21(1.8 to 2.72)

Girl 2512.34
(2057.64 to
3032.04)

0.27
(0.22 to
0.32)

17151.82
(14031.61 to
20593.02)

1.81
(1.48 to
2.17)

537.67
(435.83 to
661.62)

0.06
(0.05 to
0.07)

43335.58
(35221.16 to
53336.66)

4.57(3.72 to 5.63)

Boy - - - - - - - -
Testicular

cancer
Both 19053.23

(8524.9 to
32528.23)

0.97
(0.44 to
1.66)

144776.67
(58191.66 to
260600.81)

7.39
(2.97 to
13.3)

526.68
(390.13 to
925.54)

0.03
(0.02 to
0.05)

53259.16
(39910.82 to
88520.34)

2.72(2.04 to 4.52)

Girl - - - - - - - -
Boy 19053.23

(8524.9 to
32528.23)

1.88
(0.84 to
3.22)

144776.67
(58191.66 to
260600.81)

14.31
(5.75 to
25.76)

526.68
(390.13 to
925.54)

0.05
(0.04 to
0.09)

53259.16
(39910.82 to
88520.34)

5.26(3.94 to 8.75)

Thyroid cancer Both 2356.08
(2090.89 to
2632.29)

0.12
(0.11 to
0.13)

21112.83
(18705.31 to
23572.4)

1.08
(0.95 to
1.2)

198.67
(173.88 to
225.86)

0.01
(0.01 to
0.01)

16864.72
(14720.79 to
19145.17)

0.86(0.75 to 0.98)

Girl 1497.98
(1304.32 to
1703.8)

0.16
(0.14 to
0.18)

13557.36
(11802.61 to
15414.02)

1.43
(1.24 to
1.63)

95.13(81.66
to 110.2)

0.01
(0.01 to
0.01)

8261.68
(7114.36 to
9638.84)

0.87(0.75 to 1.02)

Boy 858.1(743.43
to 983.64)

0.08
(0.07 to
0.1)

7555.46
(6554.01 to
8661.13)

0.75
(0.65 to
0.86)

103.53(88.61
to 119.84)

0.01
(0.01 to
0.01)

8603.04
(7344.58 to
9947.05)

0.85(0.73 to 0.98)

Tracheal,
bronchus,
and lung
cancer

Both 281.46(247.6
to 320.7)

0.01
(0.01 to
0.02)

516.99(456.72
to 583.08)

0.03
(0.02 to
0.03)

209.28
(184.19 to
237.05)

0.01
(0.01 to
0.01)

16065.79
(14127.22 to
18208.64)

0.82(0.72 to 0.93)

Girl 141.09
(123.08 to
161.06)

0.01
(0.01 to
0.02)

270.72(237.42
to 306.31)

0.03
(0.03 to
0.03)

103.15(88.94
to 118.27)

0.01
(0.01 to
0.01)

7920.93
(6831.28 to
9084.78)

0.84(0.72 to 0.96)

Boy 140.37
(119.71 to
162.67)

0.01
(0.01 to
0.02)

246.27(210.39
to 283.6)

0.02
(0.02 to
0.03)

106.13(91.09
to 123.94)

0.01
(0.01 to
0.01)

8144.86
(6988.29 to
9501.26)

0.81(0.69 to 0.94)

Abbreviations: UI uncertainty interval; ASIR age-standardized incidence rate; ASDR age-standardized death rate; ASPR age-standardized prevalence rate; DALYs disability-
adjusted life-years.
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may also play vital roles in the childhood cancer burden. It is
important to note that ethnicity-related genetic variants and envi-
ronmental risks exposure can also cause great differences in dis-
ease burden between regions and nations [25,26]. Future
collaborations among regions are needed to incorporate medical
advances in high-income countries to LMICs and improve their
health care capacity [4,27].

Despite significant declines in burden, leukemia, brain, and
CNS cancer were the most common cancer and the top three
causes of death and DALYs among children with cancer, especially
for children aged 1�4 years. In our study, except for unspecified
leukemia, ALL was the most common subtype of leukemia for
children, which is consistent with the previous study [28]. As
mentioned above, multiple factors including genetic risk factors,
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such as congenital syndromes and gene variants, and environ-
mental risks such as pesticide exposure, ionizing radiation, and
infections [29], can help to interpret the elevated risks of ALL
among children. We also found that ALL was still the leading
cause of deaths and DALYs for children with leukemia, and the
age-standardized death and DALY rates were more striking in
countries with low SDI. Following medical advancements in the
treatment of leukemia, the 5-year survival rate of children with
leukemia, and particularly for children with ALL, has dramatically
improved, reaching around 90% in developed countries [30].
Nonetheless, in developing countries, children with leukemia tend
to have higher mortality and higher relapse rate, possibly due to
inadequate supportive care and limited financial resources in
these countries [31].



Fig. 5. Childhood cancers ranked by number of deaths for both sexes combined, globally and regionally, 2019.

Fig. 6. Percentage changes in age-standardized rates (per 100,000 population) of childhood cancers for both sexes combined from 1990 to 2019. (a) age-standardized DALY
rate; (b) age-standardized death rate; (c) age-standardized incidence rate; (d) age-standardized prevalence rate. Abbreviations: DALY disability-adjusted life-year.
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For brain and CNS cancer, we found that the ASIR among chil-
dren was highest in high SDI settings. This elevated incidence of
brain and CNS cancer might be mainly attributed to improvements
in diagnosis due to the introduction of CT and magnetic resonance
imaging in HICs since the 1980s [32,33]. As a previous study
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reported, due to the advanced medical care and improved thera-
pies, children with brain and CNS cancer in higher SDI countries
have a higher survival rate [34]. However, our results showed that
age-standardized deaths and DALY rates were greatest in high-
middle SDI settings, but lowest in countries with low SDI, where



Fig. 7. Distributions of different leukemia sub-types among children with different age and sex. The upper column in each group is data for boys, and the lower column in
each group is data for girls. (a) incidence; (b) prevalence; (c) deaths; (d) DALYs. Abbreviations: DALYs disability-adjusted life-years.

Y. Wu, Y. Deng, B. Wei et al. Journal of Advanced Research 40 (2022) 233–247
also had the lowest ASIR of the brain and CNS cancer among chil-
dren. This discrepancy might indicate that the results cannot be
explained only by SDI, which possibly involves more factors, such
as genetic differences and environmental factors. For example, as
previously reported, brain and CNS cancer were more common
among white populations than the Asian or African populations
245
[35]. Different etiological factors of the brain and CNS cancer have
been demonstrated in a previous study [36]. Further studies are
needed to focus on the potential risks of childhood cancers and
their burden distribution among different regions.

Compared with the previous GBD study that analyzed cancer
burden among children and adolescents [18], we provide a more
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specific and comprehensive analysis of cancer burden among chil-
dren aged 0�14 years only. We also provide detailed information
on the top 3 causes of death among children with cancer. Despite
considerable efforts to provide a comprehensive analysis, limita-
tions still exist in this study. First, the cancer burden among chil-
dren might be underestimated in LMICs where the cancer
registration systems might cover only a small number of people
[37]. Therefore, our results should be interpreted with caution. Sec-
ond, ethnic or genetic factors can greatly impact the distribution of
cancer among children in different regions and countries. However,
different ethnic populations cannot be accessed through GBD stud-
ies, and so ethnicity information should be collected and analyzed
in future studies. Third, except for the top 3 cancers of deaths
among children, burdens of other cancers and their subtypes
among children were not provided in detail in this study, which
could be completed in further studies.
Conclusions

In conclusion, our study provides a comprehensive evaluation
of the distribution of childhood cancer burden and its 30-year
changing patterns on a global scale. Although globally childhood
cancer burden has been decreasing during the past 30 years, coun-
tries with lower SDI settings have still shown higher burdens. Fur-
ther, despite showing decreasing burdens, leukemia, brain, and
CNS cancers were still the most common cancers and the leading
causes of death among children. Thus, we hope that this study
can provide detailed information for policymakers to allocate
resources, implement effective measures, and facilitate collabora-
tion between regions to improve cancer care in lower-income
countries. Moreover, our study highlights the need for future stud-
ies on advanced therapies and childhood cancer prevention
strategies.
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