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Global disparities in childhood neuroblastoma: trends, 
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Rui Zhang1*, Yang Bi2*, Feifei Bao1, Feixia Pan1, Weize Xu1, Qiang Shu1, Zhigang Liu1,2, Daqing Ma1,3

1Children’s Hospital, Zhejiang University School of Medicine, National Clinical Research Center for Child Health, Hangzhou 
310052, China; 2Department of Metabolism, Digestion and Reproduction, Faculty of Medicine, Imperial College London, 
London SW7 2AZ, UK; 3Division of Anesthetics, Pain Medicine & Intensive Care, Department of Surgery and Cancer, Faculty 
of Medicine, Imperial College London, Chelsea & Westminster Hospital, London SW10 9NH, UK

Childhood neuroblastoma, a leading cause of cancer-related 
mortality in young children, accounts for approximately 
8%–10% of pediatric cancers1. Originating from neural crest 
cells of the sympathetic nervous system, these tumors affect 
primarily children younger than 5 years of age and are often 
diagnosed in advanced stages, because of their aggressive 
nature and vague early symptoms2-4. Although advances in 
diagnostics and multimodal treatment have increased sur-
vival in high-income regions, stark disparities in outcomes 
persist globally. Particularly in low- and middle-income coun-
tries, limited access to early detection, specialized care, and 
essential therapies has contributed to persistent mortality5-8. 
Using data from the Global Burden of Disease (GBD) Study 
2021, we analyzed trends in the incidence, mortality, and dis-
ability-adjusted life years (DALYs) attributable to neuroblas-
toma in children aged 0-14 years across 204 countries from 
1990 to 2021, and identified key demographic, regional, and 
socio-economic factors contributing to the global burden of 
childhood neuroblastoma.

Global disease burden and temporal 
trends

In 2021, neuroblastoma was responsible for an esti-
mated 174,186.3 DALYs [95% uncertainty interval (UI): 
127,104.64–223,265.92, Table 1]. From 1990 to 2021, global 
DALYs increased by 20.08%, rising from 145,057.4 (95% UI: 
120,924.8–173,294.3), with an estimated annual percentage 
change (EAPC) of 0.46 [95% confidence interval (CI): 0.36–
0.56]. Whereas age-standardized DALY rates globally rose 
modestly, from 8.24 (95% UI: 6.84–9.91) to 9.02 (95% UI: 6.44–
11.68) per 100,000, pronounced heterogeneity was observed 
among regions. High-socio-demographic index (SDI) regions 
experienced notable declines (EAPC: −1.15; 95% CI: −1.35 to 
−0.96), whereas low-middle SDI regions showed the largest 
increases (EAPC: 1.54; 95% CI: 1.35–1.73). South Asia had the 
steepest rise (EAPC: 1.73; 95% CI: 1.38–2.08), and sub-Saha-
ran Africa showed similar increasing trends. Although years of 
life lost (YLLs) dominated DALYs globally, the EAPC for years 
lived with disability (YLDs) surpassed that of YLLs in several 
regions, particularly in low-middle SDI settings (YLD EAPC: 
2.01 vs. YLL EAPC: 1.53), thus suggesting that more children 
are surviving but experiencing lasting morbidity.

Regional and national disparities in 
disease burden

Marked regional differences were observed (Figure 1). In 2021, 
Malawi reported the highest age-standardized DALY rate, at 
38.78 per 100,000, and was followed by Trinidad and Tobago 

*These authors contributed equally to this work.
Correspondence to: Qiang Shu, Zhigang Liu and Daqing Ma  
E-mail: shuqiang@zju.edu.cn, zhigang.liu@zju.edu.cn and 
daqingma91@zju.edu.cn
ORCID ID: https://orcid.org/0000-0002-4106-6255,  
https://orcid.org/0000-0002-1363-6708 and  
https://orcid.org/0000-0003-1235-0537
Received April 23, 2025; accepted June 12, 2025;  
published online July 30, 2025.
Available at www.cancerbiomed.org
©2025 The Authors. Creative Commons Attribution-NonCommercial 
4.0 International License

mailto:shuqiang@zju.edu.cn
mailto:zhigang.liu@zju.edu.cn
mailto:daqingma91@zju.edu.cn
https://orcid.org/0000-0002-4106-6255
https://orcid.org/0000-0002-1363-6708
https://orcid.org/0000-0003-1235-0537
http://www.cancerbiomed.org


2� Zhang et al. Global disparities in childhood neuroblastoma
Ta

bl
e 

1 
G

lo
ba

l b
ur

de
n 

of
 c

hi
ld

ho
od

 n
eu

ro
bl

as
to

m
a 

an
d 

ot
he

r p
er

ip
he

ra
l n

er
vo

us
 s

ys
te

m
 tu

m
or

s 
fro

m
 1

99
0 

to
 2

02
1

Lo
ca

tio
n

   
19

90
   

20
21

   
19

90
–2

02
1

N
um

be
rs

 
AS

R
N

um
be

rs
 

AS
R

EA
PC

D
AL

Ys

 
G

lo
ba

l
 

14
5,

05
7.

36
 (1

20
,9

24
.7

6–
17

3,
29

4.
3)

 
8.

24
 (6

.8
4–

9.
91

)
 

17
4,

18
6.

3 
(1

27
,1

04
.6

4–
22

3,
26

5.
92

)
 

9.
02

 (6
.4

4–
11

.6
8)

 
0.

46
 (0

.3
6 

to
 0

.5
6)

 
Lo

w
-m

id
dl

e 
SD

I
 

32
,9

11
.4

1 
(2

4,
85

0–
43

,6
11

.5
6)

 
6.

71
 (5

.0
2–

9.
08

)
 

54
,2

42
.6

5 
(3

8,
16

4.
86

–7
2,

46
1.

29
)

 
9.

75
 (6

.7
4–

13
.4

3)
 

1.
54

 (1
.3

5 
to

 1
.7

3)

 
M

id
dl

e 
SD

I
 

39
,6

60
.9

3 
(3

2,
22

1.
61

–4
6,

61
5.

78
)

 
6.

91
 (5

.5
4–

8.
31

)
 

42
,7

12
.6

2 
(3

1,
74

8.
88

–5
3,

98
5.

24
)

 
7.

99
 (5

.8
9–

10
.3

)
 

0.
69

 (0
.4

6 
to

 0
.9

2)

 
Lo

w
 S

D
I

 
16

,0
54

.2
2 

(1
0,

75
5.

5–
24

,9
82

.9
9)

 
6.

31
 (4

.1
4–

9.
86

)
 

38
,4

49
.7

 (2
0,

75
8.

04
–6

1,
65

5.
36

)
 

8.
17

 (4
.3

6–
13

.2
)

 
1.

1 
(0

.6
8 

to
 1

.5
2)

 
H

ig
h 

SD
I

 
30

,8
23

.9
3 

(2
9,

17
8.

43
–3

2,
34

8.
24

)
 

17
.0

4 
(1

5.
94

–1
8.

15
) 

19
,4

71
.0

8 
(1

7,
17

0.
44

–2
1,

76
0.

02
)

 
11

.7
8 

(1
0.

27
–1

3.
27

) 
−

1.
15

 (−
1.

35
 to

 −
0.

96
)

 
H

ig
h-

m
id

dl
e 

SD
I

 
25

,4
79

.3
5 

(2
1,

51
0.

78
–2

9,
83

3.
77

)
 

9.
5 

(7
.9

3–
11

.3
8)

 
19

,1
78

.8
8 

(1
4,

87
8.

35
–2

3,
22

3.
51

)
 

8.
77

 (6
.6

9–
10

.9
2)

 
−

0.
02

 (−
0.

31
 to

 0
.2

6)

G
BD

 s
up

er
 re

gi
on

s

 
So

ut
h 

As
ia

 
31

,0
73

.6
 (2

0,
84

0.
55

–4
2,

99
1.

32
)

 
6.

97
 (4

.5
6–

9.
69

)
 

50
,6

18
.8

7 
(3

4,
47

7.
6–

71
,5

61
.3

2)
 

10
.8

7 
(7

.2
3–

15
.7

9)
 

1.
73

 (1
.3

8 
to

 2
.0

8)

 
Su

b-
Sa

ha
ra

n 
Af

ric
a

 
18

,4
74

.9
4 

(1
2,

37
4.

9–
27

,7
65

.8
7)

 
7.

37
 (4

.8
6–

11
.1

2)
 

46
,9

46
.4

9 
(2

3,
14

4.
95

–7
6,

32
9.

4)
 

9.
59

 (4
.6

9–
15

.6
4)

 
1.

2 
(0

.8
5 

to
 1

.5
6)

 �
So

ut
he

as
t A

si
a,

 E
as

t A
si

a,
 

an
d 

O
ce

an
ia

 
26

,0
46

.5
3 

(1
9,

38
6.

44
–3

4,
33

4.
12

)
 

5.
21

 (3
.8

1–
7.

04
)

 
24

,8
28

.1
3 

(1
8,

69
2.

86
–3

0,
50

6.
92

)
 

5.
85

 (4
.3

1–
7.

39
)

 
0.

63
 (0

.4
1 

to
 0

.8
5)

 
H

ig
h-

in
co

m
e

 
34

,8
41

.5
3 

(3
3,

23
0.

73
–3

6,
35

5.
63

)
 

19
.2

5 
(1

8.
2–

20
.3

9)
 

22
,6

75
.5

9 
(1

9,
86

6.
84

–2
5,

51
6.

33
)

 
13

.5
1 

(1
1.

65
–1

5.
38

) 
−

1.
06

 (−
1.

24
 to

 −
0.

89
)

 
La

tin
 A

m
er

ic
a 

an
d 

Ca
rib

be
an

 
18

,0
14

.4
8 

(1
6,

25
0.

63
–1

9,
77

8.
78

)
 

12
.6

5 
(1

1.
27

–1
4.

17
) 

15
,4

13
.8

4 
(1

2,
47

3.
12

–1
9,

03
5.

78
)

 
11

.0
6 

(8
.7

1–
13

.7
7)

 
−

0.
13

 (−
0.

6 
to

 0
.3

5)

 
N

or
th

 A
fr

ic
a 

an
d 

M
id

dl
e 

Ea
st

 
8,

73
5.

94
 (6

,1
24

.2
5–

12
,5

44
.1

8)
 

6.
05

 (4
–8

.9
8)

 
9,

98
6.

29
 (7

,1
96

.8
5–

13
,3

56
.3

7)
 

5.
55

 (3
.8

4–
7.

86
)

 
0.

09
 (−

0.
16

 to
 0

.3
4)

 �
Ce

nt
ra

l E
ur

op
e,

 E
as

te
rn

 
Eu

ro
pe

, a
nd

 C
en

tr
al

 A
si

a
 

7,
87

0.
35

 (6
,8

51
.0

8–
9,

53
2.

92
)

 
7.

57
 (6

.5
3–

9.
18

)
 

3,
71

7.
09

 (2
,9

69
.4

–4
,4

00
.1

2)
 

4.
81

 (3
.7

8–
5.

81
)

 
−

1.
7 

(−
1.

98
 to

 −
1.

43
)

YL
L

 
G

lo
ba

l
 

14
1,

84
0.

07
 (1

18
,3

98
.4

8–
16

9,
25

0.
1)

 
8.

06
 (6

.6
7–

9.
69

)
 

16
9,

98
1.

65
 (1

23
,9

25
.1

2–
21

7,
94

5.
87

) 
8.

8 
(6

.2
8–

11
.4

4)
 

0.
46

 (0
.3

5 
to

 0
.5

6)

 
Lo

w
-m

id
dl

e 
SD

I
 

32
,2

98
.9

2 
(2

4,
46

2.
2–

42
,9

71
.4

)
 

6.
59

 (4
.9

5–
8.

92
)

 
53

,0
82

.8
4 

(3
7,

39
6.

37
–7

1,
04

6.
14

)
 

9.
54

 (6
.6

1–
13

.1
3)

 
1.

53
 (1

.3
4 

to
 1

.7
2)

 
M

id
dl

e 
SD

I
 

38
,8

41
.4

9 
(3

1,
56

8.
29

–4
5,

66
6.

25
)

 
6.

77
 (5

.4
2–

8.
13

)
 

41
,6

20
.0

9 
(3

0,
99

2.
42

–5
2,

62
2.

83
)

 
7.

79
 (5

.7
7–

10
.0

4)
 

0.
67

 (0
.4

4 
to

 0
.9

)

 
Lo

w
 S

D
I

 
15

,7
69

.8
8 

(1
0,

54
6.

04
–2

4,
63

9.
25

)
 

6.
19

 (4
.0

6–
9.

72
)

 
37

,7
12

.5
5 

(2
0,

37
7.

48
–6

0,
73

8.
31

)
 

8.
02

 (4
.2

8–
12

.9
9)

 
1.

1 
(0

.6
8 

to
 1

.5
2)

 
H

ig
h 

SD
I

 
29

,9
38

.8
9 

(2
8,

36
2.

95
–3

1,
43

2.
26

)
 

16
.5

5 
(1

5.
51

–1
7.

65
) 

18
,8

31
.3

5 
(1

6,
54

5.
26

–2
1,

07
5.

19
)

 
11

.4
 (9

.9
5–

12
.8

2)
 

−
1.

16
 (−

1.
36

 to
 −

0.
97

)

 
H

ig
h-

m
id

dl
e 

SD
I

 
24

,8
66

.3
 (2

1,
04

7.
29

–2
9,

05
3.

29
)

 
9.

28
 (7

.7
4–

11
.1

3)
 

18
,6

06
.6

4 
(1

4,
42

3.
43

–2
2,

54
1.

62
)

 
8.

51
 (6

.4
9–

10
.6

3)
 

−
0.

05
 (−

0.
33

 to
 0

.2
4)

G
BD

 s
up

er
 re

gi
on

s

 
So

ut
h 

As
ia

 
30

,5
10

.5
9 

(2
0,

55
9.

63
–4

2,
09

3.
91

)
 

6.
84

 (4
.4

9–
9.

49
)

 
49

,5
53

.6
9 

(3
3,

73
6.

07
–6

9,
99

1.
79

)
 

10
.6

4 
(7

.0
5–

15
.4

5)
 

1.
72

 (1
.3

7 
to

 2
.0

7)



Cancer Biol Med Vol xx, No x Month 2025� 3
Lo

ca
tio

n
   

19
90

   
20

21
   

19
90

–2
02

1

N
um

be
rs

 
AS

R
N

um
be

rs
 

AS
R

EA
PC

 
Su

b-
Sa

ha
ra

n 
Af

ric
a

 
18

,1
37

.6
7 

(1
2,

17
1.

46
–2

7,
31

0.
18

)
 

7.
24

 (4
.7

7–
10

.9
4)

 
46

,0
00

.5
8 

(2
2,

59
7.

09
–7

4,
89

6.
44

)
 

9.
4 

(4
.5

7–
15

.3
7)

 
1.

19
 (0

.8
4 

to
 1

.5
5)

 �
So

ut
he

as
t A

si
a,

 E
as

t A
si

a,
 

an
d 

O
ce

an
ia

 
25

,4
91

.2
9 

(1
8,

92
7.

73
–3

3,
54

6.
19

)
 

5.
1 

(3
.7

3–
6.

86
)

 
24

,1
35

.3
9 

(1
8,

21
2.

09
–2

9,
65

8.
63

)
 

5.
68

 (4
.2

–7
.1

9)
 

0.
6 

(0
.3

8 
to

 0
.8

3)

 
H

ig
h-

in
co

m
e

 
33

,8
34

.9
1 

(3
2,

35
1.

27
–3

5,
34

7.
88

)
 

18
.7

 (1
7.

66
–1

9.
81

)
 

21
,9

33
.7

3 
(1

9,
19

2.
95

–2
4,

80
9.

7)
 

13
.0

7 
(1

1.
27

–1
4.

89
) 

−
1.

07
 (−

1.
25

 to
 −

0.
9)

 
La

tin
 A

m
er

ic
a 

an
d 

Ca
rib

be
an

 
17

,6
34

.8
8 

(1
5,

89
9.

54
–1

9,
36

0.
95

)
 

12
.3

8 
(1

1.
03

–1
3.

87
) 

15
,0

29
.0

7 
(1

2,
16

5.
35

–1
8,

55
4.

19
)

 
10

.7
8 

(8
.4

9–
13

.4
6)

 
−

0.
14

 (−
0.

61
 to

 0
.3

3)

 
N

or
th

 A
fr

ic
a 

an
d 

M
id

dl
e 

Ea
st

 
8,

54
9.

55
 (5

,9
89

.4
6–

12
,2

87
.6

5)
 

5.
92

 (3
.9

2–
8.

77
)

 
9,

71
4.

25
 (7

,0
18

.8
9–

12
,9

84
.8

7)
 

5.
4 

(3
.7

4–
7.

65
)

 
0.

07
 (−

0.
18

 to
 0

.3
2)

 �
Ce

nt
ra

l E
ur

op
e,

 E
as

te
rn

 
Eu

ro
pe

, a
nd

 C
en

tr
al

 A
si

a
 

7,
68

1.
18

 (6
,6

88
.0

4–
9,

26
7.

46
)

 
7.

38
 (6

.3
6–

8.
94

)
 

3,
61

4.
94

 (2
,8

91
.9

1–
4,

26
2.

55
)

 
4.

68
 (3

.6
7–

5.
65

)
 

−
1.

72
 (−

1.
99

 to
 −

1.
44

)

YL
D

 
G

lo
ba

l
 

3,
21

7.
3 

(1
,9

98
.4

1–
4,

85
2.

01
)

 
0.

18
 (0

.1
1–

0.
28

)
 

4,
20

4.
65

 (2
,5

51
.1

9–
6,

64
3.

59
)

 
0.

22
 (0

.1
3–

0.
35

)
 

0.
7 

(0
.5

9 
to

 0
.8

1)

 
Lo

w
-m

id
dl

e 
SD

I
 

61
2.

49
 (3

26
.8

–1
,0

18
.6

4)
 

0.
13

 (0
.0

7–
0.

21
)

 
1,

15
9.

81
 (6

60
.6

2–
1,

91
7.

02
)

 
0.

21
 (0

.1
2–

0.
35

)
 

2.
01

 (1
.8

1 
to

 2
.2

2)

 
M

id
dl

e 
SD

I
 

81
9.

44
 (4

78
.3

5–
1,

31
0.

49
)

 
0.

14
 (0

.0
8–

0.
23

)
 

1,
09

2.
53

 (6
76

.1
9–

1,
69

4.
09

)
 

0.
2 

(0
.1

2–
0.

32
)

 
1.

35
 (1

.1
 to

 1
.6

)

 
Lo

w
 S

D
I

 
28

4.
34

 (1
39

.1
6–

53
2.

25
)

 
0.

11
 (0

.0
5–

0.
21

)
 

73
7.

14
 (3

29
.9

5–
1,

42
0.

7)
 

0.
16

 (0
.0

7–
0.

3)
 

1.
33

 (0
.8

6 
to

 1
.8

1)

 
H

ig
h 

SD
I

 
88

5.
05

 (6
00

.3
9–

1,
24

9.
47

)
 

0.
49

 (0
.3

3–
0.

68
)

 
63

9.
73

 (4
43

.2
4–

90
7.

36
)

 
0.

39
 (0

.2
6–

0.
54

)
 

−
0.

79
 (−

1.
05

 to
 −

0.
53

)

 
H

ig
h-

m
id

dl
e 

SD
I

 
61

3.
05

 (3
94

.8
9–

93
4.

23
)

 
0.

23
 (0

.1
5–

0.
35

)
 

57
2.

24
 (3

72
.2

5–
84

2.
86

)
 

0.
26

 (0
.1

7–
0.

39
)

 
0.

74
 (0

.4
3 

to
 1

.0
4)

G
BD

 s
up

er
 re

gi
on

s

 
So

ut
h 

As
ia

 
56

3.
01

 (2
82

.2
9–

98
2.

47
)

 
0.

13
 (0

.0
6–

0.
22

)
 

1,
06

5.
18

 (5
76

.4
1–

1,
80

7.
46

)
 

0.
23

 (0
.1

2–
0.

4)
 

2.
26

 (1
.8

6 
to

 2
.6

7)

 
Su

b-
Sa

ha
ra

n 
Af

ric
a

 
33

7.
27

 (1
72

.8
8–

61
5.

67
)

 
0.

13
 (0

.0
7–

0.
24

)
 

94
5.

91
 (3

94
.5

3–
1,

77
9)

 
0.

19
 (0

.0
8–

0.
36

)
 

1.
5 

(1
.1

 to
 1

.9
)

 �
So

ut
he

as
t A

si
a,

 E
as

t A
si

a,
 

an
d 

O
ce

an
ia

 
55

5.
24

 (3
15

.0
8–

90
6.

24
)

 
0.

11
 (0

.0
6–

0.
19

)
 

69
2.

74
 (4

32
.9

7–
1,

04
3.

75
)

 
0.

16
 (0

.1
–0

.2
4)

 
1.

54
 (1

.3
 to

 1
.7

8)

 
H

ig
h-

in
co

m
e

 
1,

00
6.

62
 (6

84
.1

–1
,4

17
.3

8)
 

0.
56

 (0
.3

7–
0.

78
)

 
74

1.
86

 (5
14

.9
9–

1,
05

0.
93

)
 

0.
44

 (0
.3

–0
.6

3)
 

−
0.

75
 (−

0.
97

 to
 −

0.
52

)

 
La

tin
 A

m
er

ic
a 

an
d 

Ca
rib

be
an

 
37

9.
59

 (2
34

.3
–5

75
.3

)
 

0.
27

 (0
.1

6–
0.

4)
 

38
4.

78
 (2

46
.9

3–
60

0.
16

)
 

0.
28

 (0
.1

7–
0.

43
)

 
0.

38
 (−

0.
16

 to
 0

.9
1)

 
N

or
th

 A
fr

ic
a 

an
d 

M
id

dl
e 

Ea
st

 
1,

86
.4

 (1
01

.5
1–

32
1.

31
)

 
0.

13
 (0

.0
7–

0.
23

)
 

27
2.

04
 (1

64
.1

2–
43

0.
98

)
 

0.
15

 (0
.0

9–
0.

25
)

 
0.

91
 (0

.6
2 

to
 1

.1
9)

 �
Ce

nt
ra

l E
ur

op
e,

 E
as

te
rn

 
Eu

ro
pe

, a
nd

 C
en

tr
al

 A
si

a
 

18
9.

16
 (1

22
.2

2–
28

7.
49

)
 

0.
18

 (0
.1

2–
0.

28
)

 
10

2.
15

 (6
6.

89
–1

52
.5

3)
 

0.
13

 (0
.0

8–
0.

2)
 

−
1.

28
 (−

1.
56

 to
 −

0.
99

)

Th
is

 ta
bl

e 
su

m
m

ar
iz

es
 k

ey
 m

et
ric

s, 
in

cl
ud

in
g 

ag
e-

st
an

da
rd

iz
ed

 ra
te

s 
(A

SR
), 

es
tim

at
ed

 a
nn

ua
l p

er
ce

nt
ag

e 
ch

an
ge

s 
(E

AP
C)

, a
nd

 d
is

ab
ili

ty
-a

dj
us

te
d 

lif
e 

ye
ar

s 
(D

AL
Ys

), 
fu

rt
he

r d
iv

id
ed

 
in

to
 y

ea
rs

 li
ve

d 
w

ith
 d

is
ab

ili
ty

 (Y
LD

s)
 a

nd
 y

ea
rs

 o
f l

ife
 lo

st
 (Y

LL
s)

. T
he

 s
oc

io
-d

em
og

ra
ph

ic
 in

de
x 

(S
D

I) 
is

 in
cl

ud
ed

 to
 c

on
te

xt
ua

liz
e 

fin
di

ng
s 

ac
ro

ss
 le

ve
ls

 o
f d

ev
el

op
m

en
t. 

U
nc

er
ta

in
ty

 
in

te
rv

al
s 

(U
I) 

ar
e 

pr
es

en
te

d 
fo

r p
re

ci
si

on
.

Ta
bl

e 
1 

Co
nt

in
ue

d



4� Zhang et al. Global disparities in childhood neuroblastoma

(36.59) and Malta (32.42). The sharpest national increases 
since 1990 were seen in Saint Vincent and the Grenadines, 
Guyana, and Tokelau. In contrast, Europe and Latin America 

showed major declines, and Greenland led the decrease in 
DALYs. High-SDI countries, such as those in North America 
and Oceania, maintained low burden levels, because of 
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Figure 1  Trends in the burden of childhood neuroblastoma from 1990 to 2021, stratified by gender and GBD region. The figure illustrates changes 
in incidence rates, DALYs, and death rates, and highlights disparities across regions and genders. DALYs refer to disability-adjusted life years.
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widespread access to early diagnosis and comprehensive care 
(Figure S1). Across the 21 GBD super-regions, South Asia and 
sub-Saharan Africa recorded the most substantial increases in 
DALYs, whereas Western Europe and North America contin-
ued to experience consistent declines. The growth in DALY 
burden in lower-income regions reflects both an expanding 
child population and limited access to effective therapies, 
thereby highlighting a widening inequity in pediatric oncol-
ogy outcomes9,10.

Gender-based differences and 
socioeconomic inequities

Neuroblastoma continues to exhibit gender-based disparities. 
In 2021, the global age-standardized incidence rate (ASIR) 
was 0.34 per 100,000 in boys and 0.24 in girls. DALY rates fol-
lowed the same trend: 10.25 per 100,000 in boys versus 7.89 
in girls. This gap was particularly evident in East Asia, where 
the EAPC for incidence reached 2.23 and the DALYs reached 
1.17 in boys, whereas those in girls were 1.14 and 0.09, respec-
tively. These patterns suggest a biological predisposition or 
gender-specific access issues, possibly exacerbated by gender 
norms in healthcare utilization. The global burden was also 
stratified by SDI. High-SDI regions experienced decreasing 
trends in DALYs (EAPC: −1.15), whereas low-SDI (EAPC: 1.2; 
95% CI: 0.85–1.56) and low-middle SDI countries experienced 
steep increases. In 2021, the DALY rates in sub-Saharan Africa 
surpassed 9.59 per 100,000, a value more than three times 
higher than observed in high-SDI regions. This disparity is 
attributable to inadequate diagnostic infrastructure, late-stage 
presentations, and unaffordable treatments. Countries with 
under-resourced healthcare systems consistently ranked high-
est in neuroblastoma burden, thus exemplifying how struc-
tural inequities perpetuate poor outcomes.

Epidemiological shifts and health 
inequality metrics

Epidemiological trends reflect a redistribution of disease 
burden. Central and South Asia recorded among the fastest-
growing incidence rates (EAPC: 2.58 and 2.34) and DALY 
rates (EAPC: 2.07 and 1.73), whereas high-income regions, 
such as Eastern Europe and Oceania, saw declines (e.g., 
Eastern Europe DALY EAPC: −2.01). Correlation analyses 
revealed a shift (Figure S2): in 1990, the low baseline DALY 

regions had lower EAPCs (r = −0.156), whereas by 2021, these 
regions showed significantly higher EAPCs (r = 0.315, P < 
0.05). Health inequality indices further captured global tran-
sitions. Between 1990 and 2021, the slope index of inequality 
for DALYs decreased from 7 to 5, thereby indicating a modest 
narrowing of absolute disparities (Figure S3). The concen-
tration index shifted from 0.18 to −0.02, thereby suggesting 
that the burden moved from wealthier to poorer regions. 
Countries with large populations, such as India and China, 
had a substantial impact on these metrics; however, the overall 
trend reflected a global distribution of the neuroblastoma bur-
den. Gender inequality also persisted: the slope index of the 
inequality values was consistently higher for boys than girls, 
a finding indicating unresolved gender-based barriers in care 
delivery.

Demographic drivers and projections 
to 2045

Demographic factors had dominant roles in shaping the neu-
roblastoma burden. In low-SDI countries, population growth 
explained nearly 80% of the increase in incidence, deaths, and 
DALYs (Figure S4). High birth rates in sub-Saharan Africa 
and South Asia contributed to a substantial increase in the 
population at risk. In contrast, in high-SDI countries, favorable 
epidemiological changes, including early diagnosis, risk strat-
ification, and use of therapies such as anti-GD2 immunother-
apy, accounted for more than 70% of the observed decline in 
disease burden. Despite temporary declines from 2019 to 2021 
(probably because of the effects of the COVID-19 pandemic 
on diagnosis and reporting), projections indicated continued 
growth in absolute burden, particularly in low-SDI countries 
(Figure S5). By 2045, the global neuroblastoma incidence is 
expected to reach 0.32 per 100,000, with higher rates in boys 
(0.37) than in girls (0.27). Mortality is projected to reach 0.11 
per 100,000, and the DALYs may increase to 8.57 per 100,000. 
These estimates suggest that global health inequities will fur-
ther widen unless substantial investments are made in pedi-
atric oncology infrastructure and equitable healthcare access.

Neuroblastoma remains a major pediatric health chal-
lenge disproportionately affecting children in low- and mid-
dle-SDI regions. Whereas high-SDI countries have decreased 
disease burden through advances in early detection, risk-
adapted therapy, and healthcare infrastructure, children in 
resource-limited settings continue to face high mortality and 
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long-term disability. This study leveraged data from the GBD 
Study 2021 release, which included the first neuroblastoma-
specific estimates, thereby enabling comprehensive global 
and regional analyses. Although descriptive in nature, the 
study provides valuable insights into geographic, temporal, 
and socioeconomic disparities in neuroblastoma burden. Key 
limitations include reliance on modeled estimates in regions 
with limited primary data and the absence of clinical varia-
bles such as disease stage or molecular subtype. These findings 
underscore the urgent need for a coordinated and equitable 
global health strategy that addresses systemic barriers to care, 
through capacity building in pediatric oncology, implementa-
tion of early detection programs, international collaboration 
for affordable therapies, and enhanced data systems to track 
outcomes.
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