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Childhood neuroblastoma, a leading cause of cancer-related
mortality in young children, accounts for approximately
8%-10% of pediatric cancers!. 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 symptoms®*. 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 mortality>S.
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.
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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% UL 6.84-9.91) t0 9.02 (95% UTI: 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 DALY 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
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Figure1l Trends inthe 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.

(36.59) and Malta (32.42). The sharpest national increases showed major declines, and Greenland led the decrease in
since 1990 were seen in Saint Vincent and the Grenadines, DALYs. High-SDI countries, such as those in North America
Guyana, and Tokelau. In contrast, Europe and Latin America and Oceania, maintained low burden levels, because of
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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 outcomes®!0.

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 DALY 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 DALY 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 DALY's 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



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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