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Abstract

Background: To evaluate the global incidence and mortality trends of  seven major solid tumors  (brain cancer, 
hepatoblastoma, kidney cancer, malignant bone tumors  [MNBAC], neuroblastoma, retinoblastoma, and soft tissue 
sarcomas) in individuals aged 0–19 years from 1990 to 2021.

Methods: Using data from the Global Burden of  Disease Study 2021, analyses were stratified by age, region, and 
sociodemographic index (SDI). Temporal trends were quantified via estimated annual percentage change (EAPC). A linear 
regression model evaluated the correlation between childhood meningitis mortality and SDI.

Results: In 2021, these tumors accounted for 96,913 new cases and 42,869 deaths worldwide. Brain cancer and MNBAC 
were the most common and fatal. Retinoblastoma showed the largest incidence increase, while neuroblastoma was the 
only tumor with rising mortality. Major regional disparities were observed, with East Asia having the highest brain cancer 
burden and sub‑Saharan Africa experiencing the greatest retinoblastoma mortality. Incidence peaked in infants for 
hepatoblastoma, neuroblastoma, and soft tissue sarcomas, and in adolescents for bone tumors. Higher SDI correlated 
with higher neuroblastoma incidence, while lower‑SDI regions had elevated mortality for multiple tumors.

Conclusion: Substantial global and regional disparities persist in the burden of  pediatric solid tumors. Enhancing early 
detection in low‑SDI regions and implementing targeted strategies for high‑burden tumors such as brain cancer and 
MNBAC are essential to reducing mortality.
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Introduction

Cancer is a major global health crisis, particularly 
for children and adolescents, who are highly 
vulnerable. Annually, around 400,000 children and 
adolescents are diagnosed with cancer worldwide, 
with solid tumors being particularly prevalent.[1,2] 
Despite remarkable advancements in cancer 
treatment, particularly in the realms of molecular 
genetics, immunotherapy, and precision medicine, 

the therapeutic landscape for malignant solid tumors 
in children and adolescents remains fraught with 
challenges.[3-5] The long‑term survival prospects 
for certain high‑risk tumor types remain bleak, 
with effective radical treatment options still elusive. 
Furthermore, the potential long‑term adverse effects 
and complications associated with treatment can 
severely compromise patients’ quality of life.[6] This 
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treatment quandary manifests in notable disparities 
across diverse global regions. In resource‑constrained 
countries, the scarcity of medical resources, delayed 
diagnosis, and irregular treatment practices contribute 
to a cure rate for malignant solid tumors that is less 
than 30%.[7] This global imbalance in medical resource 
allocation further intensifies the disease burden of 
malignant solid tumors in children and adolescents.[8] 
To devise more targeted and efficacious prevention 
and control strategies, a profound comprehension 
of the epidemiological characteristics and trends of 
prevalent malignant solid tumors on a global scale is 
imperative.

The Global Burden of Disease Study  (GBD) 2021 
report highlights the need to prioritize health threats 
across 204 countries.[9] Leveraging the latest 
data from GBD 2021, this study will undertake a 
comprehensive analysis of incidence and mortality 
rates for seven relatively prevalent malignant solid 
tumors in children and adolescents worldwide. 
Our findings will furnish policymakers with reliable 
data, thereby fostering the development of tailored 
prevention and control strategies to address this 
pressing global health concern.

Methods

Data source and definition
In this study, malignant solid tumors occurring in 
individuals aged 0–19 were defined as such in 
children and adolescents. This analysis specifically 
focuses on seven prevalent solid tumors in children 
and adolescents: Brain and central nervous 
system cancer  (brain cancer), hepatoblastoma, 
kidney cancer, malignant neoplasm of bone and 
articular cartilage  (MNBAC), neuroblastoma and 
other peripheral nervous cell tumors  (neuroblastoma), 
retinoblastoma, and soft tissue and other 
extraosseous sarcomas  (STES). Quantitative 
indicators such as incidence, deaths, and associated 
rates for these tumors across diverse regions 
and ages globally were sourced from the GBD 
database  (available at https://vizhub.healthdata.org/
gbd‑results/). Relevant data from systematic reviews 
of the literature, household surveys, health service 
access, civil registration and vital statistics data, 
surveillance data, and other sources were collected 
and identified for use in the GBD estimation process. 
The definition, processing, correction, and modeling of 
the data have been described elsewhere.[10,11]

Based on the SDI classification, spanning low, 
low‑middle, middle, middle‑high, and high categories, 
these countries and regions were further categorized 
into five groups.[10] The world was segmented into 21 
regions, taking into account epidemiological similarity 

and geographical proximity.[12] To delineate the age 
distribution of the disease burden, patients were stratified 
into seven distinct age groups: <1  year, 1–2  years, 
2–4 years, 5–9 years, 10–14 years, and 15–19 years.

Statistical analyses
Death counts and rates per 100,000 population 
were used as indicators, with 95% uncertainty 
intervals  (UI) for accuracy. UI were computed based 
on the 2.5th  and 97.5th  percentiles obtained from 
1000  samples for each variable.[13] To unravel key 
characteristics of the cancer burden, further analysis 
was conducted to examine differences across diverse 
geographical locations, countries, age groups, 
and SDIs. Simultaneously, the estimated annual 
percentage change  (EAPC) in rates was estimated 
to illustrate trends in the burden of solid tumors in 
children and adolescents over time. Specifically, 
the following linear regression model was utilized 
for calculation: y = α + βx + ε, where y represents 
the natural logarithm of the age‑standardized rate, 
x represents the year, and ε is the error term. 
The EAPC value was derived using the formula 
100 ×  (e^β  – 1), with its 95% confidence interval  (CI) 
determined within the regression analysis framework. 
An EAPC with both its value and the upper limit of 
its 95% CI being negative signifies a decreasing 
trend over time; an EAPC with both its value 
and the lower limit of its 95% CI being positive 
indicates an increasing trend; an EAPC close to 
zero or statistically insignificant denotes stability or 
minimal change in the indicator over time.[10,11] Linear 
regression models were employed to explore the 
association between the burden of solid tumors and 
the SDI across regions and countries.[14,15] Statistical 
analyses and data visualization were executed using 
R  (v4.4.2), with significance set at P < 0.05.

Results

Global incidence and mortality
Our analysis revealed seven major types of solid 
tumors accounted for 96,913.4  cases and 42,868.6 
deaths annually, with incidence and mortality rates of 
3.8 per 100,000 and 1.6 per 100,000, respectively. 
Additionally, brain cancer, MNBAC, and kidney cancer 
had the highest incidence rates, while brain cancer, 
MNBAC, and STES were the primary causes of 
death  [Table 1].

From 1990 to 2021, the incidence rates of brain 
cancer, hepatoblastoma, kidney cancer, and STES 
declined, while those of MNBAC, neuroblastoma, and 
retinoblastoma increased. Notably, hepatoblastoma 
exhibited the most significant decline in incidence, 
with an EAPC of  –2.1  (95% CI  –2.3 to  –2.0). 
In contrast, retinoblastoma showed the most 

https://vizhub.healthdata.org/gbd<2011>results/
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Key Message

From 1990 to 2021, pediatric solid tumors caused significant global burden, with brain cancer and 
malignant bone tumors being the most incident and fatal types. Retinoblastoma incidence increased 
most, while neuroblastoma was the only tumor with rising mortality. Infants were most affected by 
hepatoblastoma and neuroblastoma, whereas adolescents faced higher risks from bone tumors and soft 
tissue sarcomas. These findings highlight the urgent need for early detection in resource-limited regions 
and targeted strategies for high-burden tumors.

pronounced increase in incidence, with an EAPC 
of 1.3  (95% CI 1.0 to 1.6). In terms of mortality, 
hepatoblastoma had the most significant decline, with 
an EAPC of  –2.6  (95% CI  –2.8 to  –2.5). Conversely, 
neuroblastoma was the only solid tumor among the 
seven to show an increasing mortality trend  [Figure 1 
and Table 1].

Regional incidence and mortality
The global burden of solid tumors in children 
and adolescents varies significantly by region. 
Brain cancer is the primary cause of incidence 
and mortality in most regions, with East Asia 
reporting the highest number of cases at 10,667.4 
(95% UI 8,179.5–14,267.2), accounting for 61.2% 
of global incidence. South and Central Asia have 
high death tolls and mortality rates, respectively 
[Table  1, Figure  2, and S1]. MNBAC ranks second 
in many regions, especially in sub‑Saharan 
Africa  [Figure S1]. Kidney cancer is most incident 
in Southern Latin America, while neuroblastoma is 
prevalent in High‑income Asia Pacific. The Caribbean 
has the highest STES incidence, and Eastern 
sub‑Saharan Africa has the highest retinoblastoma 
incidence and mortality  [Table 1 and Figure 2].

From 1990 to 2021, incidence and mortality trends 
differed by region and tumor type. High‑income Asia 
Pacific saw a rise in brain cancer, while East Asia 
noted increases in MNBAC and retinoblastoma. Central 
Asia had growth in neuroblastoma and STES. Southern 
Sub‑Saharan Africa saw a significant increase in 
kidney cancer. Hepatoblastoma declined in most 
regions except Australasia. Most regions saw declines 
in MNBAC, kidney cancer, STES, hepatoblastoma, and 
retinoblastoma mortality, but Southern Sub‑Saharan 
Africa had increases in brain cancer, STES, kidney 
cancer, and retinoblastoma mortality. Brain cancer and 
neuroblastoma mortality trends were relatively balanced 
across regions [Table 1].

National incidence and mortality
In 2021, India topped the list for neuroblastoma, 
hepatoblastoma, and MNBAC in terms of both 
incidence and mortality. China led in the incidence 
of brain cancer, kidney cancer, and retinoblastoma. 
Nigeria ranked first in the incidence and mortality of 

STES, as well as in the mortality of kidney cancer. 
Monaco and Tajikistan had the highest incidence 
and mortality rates of brain cancer, respectively. 
For kidney cancer, Argentina and Malawi recorded 
the highest incidence and mortality rates. Malta and 
Malawi had the highest incidence and mortality rates 
for neuroblastoma. Tokelau ranked first in both the 
incidence and mortality rates of MNBAC, as well 
as in the incidence rate of retinoblastoma. Mali 
and Haiti had the highest incidence and mortality 
rates for hepatoblastoma and STES, respectively 
[Table 1, Figure S2, and Figure  3].

From 1990 to 2021, Ecuador experienced the fastest 
increase in incidence rate brain cancer, and both 
Ecuador and Turkmenistan had the fastest increases 
in mortality. For MNBAC, Saint Vincent and the 
Grenadines saw the most significant increases in 
both incidence and mortality, with EAPCs of 3.8  (95% 
CI 2.4–5.2) and 3.5  (95% CI 2.2–4.8), respectively. 
Mongolia had the fastest growth in both incidence 
and mortality for kidney cancer, with EAPCs of 
7.4  (95% CI 6.0–8.8) and 6.1  (95% CI 4.8–7.5), 
respectively. Guyana had the fastest increases in 
both incidence and mortality for neuroblastoma, with 
EAPCs of 8.3  (95% CI 5.7–11.0) and 7.8  (95% CI 
5.3–10.3), respectively. Armenia experienced the most 
significant increases in both incidence and mortality 
for retinoblastoma, with EAPCs of 18.3  (95% CI 
14.4–22.4) and 14.4  (95% CI 10.7–18.2), respectively. 
Belarus had the fastest growth in both incidence and 
mortality for hepatoblastoma, with EAPCs of 6.5  (95% 
CI 5.4–7.6) and 5.3  (95% CI 3.7–7.0), respectively. 
Finally, Georgia had the most rapid increases in 
both incidence and mortality for STES, with EAPCs 
of 12.6  (95% CI 11.1–14.2) and 12.4  (95% CI 10.9–
14.0), respectively  (Table 1). These findings highlight 
the diverse trends in solid tumor disease burden 
across different countries over the past few decades.

Burden of solid tumor by age
In 2021, an analysis of the age distribution 
characteristics revealed distinct patterns among 
seven types of solid tumors. Specifically, brain cancer 
incidence and mortality cases were predominantly 
observed in the 5–9 age group, with peak incidence 
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in the 1–2 age group and peak mortality in infants 
under 1  year old. Hepatoblastoma cases and related 
mortality were primarily concentrated in infants under 
1 year old, whereas retinoblastoma primarily impacted 
children in the 2–4 age bracket. Kidney cancer and 

neuroblastoma primarily struck individuals aged 2–4, 
with the highest incidence noted in the 1–2 age 
group and peak mortality in infants under 1  year old. 
MNBAC exclusively manifested in children older than 
1  year, with incidence and mortality cases, as well 

Figure 1: Epidemiologic trends of burden in global and five sociodemographic index regions of solid tumors from 1990 to 2021. (a) Incidence 
rate and (b) death rate

a

b
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as corresponding rates, peaking in the 15–19 age 
group and increasing progressively with age. Notably, 
although the majority of STES cases and related 
deaths were concentrated in the 15–19 age group, 
infants under 1  year old had the highest incidence 
and mortality rates for this tumor type  [Figure 4].

Burden of solid tumor by SDI
Among the five SDI regions, brain cancer had 
the highest incidence and mortality rates for solid 
tumors, followed by MNBAC. Specifically, in 2021, 
the high‑SDI region had the highest incidence rate 
of brain cancer, and it also had a relatively high 
incidence rate of neuroblastoma. In contrast, the 
low‑SDI region had the highest incidence rates of 
hepatoblastoma and STES. The High‑middle SDI 

region had the highest incidence rates of kidney 
cancer and retinoblastoma. The low‑middle SDI region 
had the highest incidence rate of MNBAC. In terms 
of mortality, several types of tumors in the low‑SDI 
region had high mortality rates, including MNBAC, 
kidney cancer, hepatoblastoma, retinoblastoma, 
and STES. Notably, the High‑middle SDI region 
had the highest mortality rate for brain cancer, and 
the high‑SDI region had a high mortality rate for 
neuroblastoma  [Table 1].

From 1990 to 2021, the incidence rates of brain 
cancer and kidney cancer remained relatively stable 
across all SDI regions. However, the incidence 
of MNBAC gradually increased in regions with 
lower‑SDI, and neuroblastoma incidence increased in 

Figure 3: Incidence burden of solid tumors in 204 countries and territories in 2021

Figure 2: Regional incidence and death proportion of solid tumors burden in 2021
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all regions except high‑SDI. Retinoblastoma showed 
an increasing trend in all regions except low‑SDI, 
while hepatoblastoma and STES declined in most 
SDI regions. In terms of mortality, neuroblastoma 
mortality increased in all regions except high‑SDI, 
and MNBAC mortality slightly increased in Low‑middle 
and Middle SDI regions. The mortality burden of 
the other tumors declined in different SDI regions 
[Table 1 and Figure 1].

The relat ionships between the incidence and 
mortality rates of different types of cancer and 
SDI vary. As SDI increases, the incidence rates of 
brain cancer and neuroblastoma gradually increase, 
while the mortality rates of hepatoblastoma and 
retinoblastoma gradually decrease. The mortality 
rate of neuroblastoma increases with SDI. However, 
the correlations between the incidence and mortality 
rates of the other tumors and SDI are relatively 
weak or insignificant  [Figures S3 and S4]. At the 
national level, there was no significant correlation 

between the incidence and mortal i ty rates of 
kidney cancer and SDI. The associations between 
the burden of the other tumors and SDI were 
similar to those at the regional level, indicating 
that the trends observed at the regional level are 
largely consistent with those at the national level 
[Figures S5 and S6].

Discussion

Solid tumors seriously threaten children and 
adolescents’ health, challenging global health policies 
and systems. Their impact requires urgent action. 
This study outlines incidence and mortality of seven 
major solid tumors affecting this age group worldwide, 
showing trends and disparities. In 2021, these 
tumors caused nearly 40% of new cancer cases 
and deaths in 0–19  year‑olds globally. Brain cancer 
and MNBAC are prominent. Since 1990, MNBAC, 
neuroblastoma, and retinoblastoma incidence has 
risen, with neuroblastoma mortality also increasing, 

Figure 4: Age proportion of solid tumors burden in 2021. (a) Incidence rate and (b) death rate

a

b
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needing constant monitoring, research, and targeted 
prevention.

Over the past few decades, remarkable 
advancements in multi‑modal therapy and supportive 
care have substantially enhanced the prognosis of 
numerous types of malignant solid tumors among 
children and adolescents, as demonstrated by 
our study results.[16] However, substantial regional 
disparities persist. Brain cancer, which stands as 
the most prevalent solid tumor and the primary 
cause of cancer‑related deaths in this age group, is 
particularly prominent in Asian regions, notably East 
and Central Asia. This disparity is largely attributed 
to variations in demographic factors, including race, 
parental age, and environmental exposures such 
as ionizing radiation and air pollution.[17,18] Research 
indicates that an older maternal age correlates with 
an accumulation of chromosomal and gene‑level 
mutations in germ cells, thereby elevating the risk 
of brain cancer in offspring. Folate plays a pivotal 
role in nucleotide synthesis and repair; maternal 
folate supplementation during pregnancy aids in 
reducing the likelihood of chromosomal breaks and 
improper proto‑oncogene activation, thereby offering 
protection against pediatric brain tumors.[19,20] Hence, 
enhancing basic maternal healthcare is imperative for 
mitigating the risk of brain tumors in these regions. 
The disease burden, particularly the mortality burden, 
associated with various tumors such as MNBAC, 
STS, and retinoblastoma in sub‑Saharan Africa, is 
markedly higher compared to other regions. This 
disparity is primarily driven by economic limitations, 
restricted access to healthcare facilities and 
professional medical care, the intricacy of treatment 
protocols, and the absence of effective early 
screening and diagnostic mechanisms. Consequently, 
pediatric tumors in this region frequently manifest 
as advanced and locally metastatic diseases, 
often without receiving any effective treatment. 
Furthermore, the presence of multiple comorbidities, 
including malaria, tuberculosis, malnutrition, and 
treatment‑related toxicities, further exacerbates 
the decline in pediatric tumor survival rates in the 
region.[21,22] In response, there is a pressing need 
to augment medical assistance to sub‑Saharan 
Africa, bolster its pediatric tumor diagnosis and 
treatment capabilities, and intensify the training of 
medical personnel. Neuroblastoma, a malignant tumor 
arising from primitive neural crest cells within the 
sympathetic nervous system, exhibits an escalating 
global incidence and mortality trend. The incidence 
is notably high in relatively developed regions, 
such as High‑income Asia Pacific, potentially due 
to advancements in early detection technology, 

enhanced screening initiatives, and heightened clinical 
awareness.[23] Conversely, the incidence of renal 
cancer is significantly elevated in Southern Latin 
America, which starkly contrasts with the pervasive 
high levels of arsenic in drinking water sources in 
this area. Studies have shown that prolonged arsenic 
exposure is linked to alterations in gene expression 
related to arsenic methylation, potentially increasing 
the risk of developing various tumors, including renal 
cancer.[24] While further in‑depth research is required 
to elucidate the precise connection between arsenic 
contamination and renal cancer, the existing evidence 
will aid relevant countries in promoting public health 
awareness and intervention programs, as well as 
formulating urgently needed environmental policies 
for the region. Despite notable improvements in the 
survival rate of hepatoblastoma across most global 
regions, it has exhibited a notable surge in Australia. 
The reasons underlying this increase remain unclear, 
but potential contributing factors may include a 
significant rise in metastatic hepatoblastoma cases, 
advancements in diagnostic techniques, and changes 
in reporting practices.[25,26]

It is noteworthy that despite the fact that 80% of 
cancer patients reside in low‑  and middle‑income 
countries, the incidence and mortality trends of 
various cancer types exhibit distinct patterns across 
different SDI regions, intricately intertwined with the 
SDI. Specifically, brain cancer holds the top position 
in both incidence and mortality across the five SDI 
regions, underscoring its significant contribution to 
the global cancer burden, particularly in regions 
with a higher SDI. This revelation underscores the 
formidable challenges still faced in the prevention and 
control of brain cancer, even in areas with relatively 
abundant medical resources.[27] Furthermore, MNBAC 
demonstrates a high incidence across multiple SDI 
regions, particularly in those with a low‑middle SDI, 
with mortality rates escalating in some areas. This 
may be attributed to the low rates of early diagnosis 
and limited treatment resources stemming from 
adverse socio‑economic conditions.[28] Conversely, 
in regions with a higher SDI, despite the heightened 
incidence of kidney cancer, retinoblastoma, and 
hepatoblastoma, the mortality rates of these tumors 
have not risen concurrently, thanks to superior 
medical services, screening mechanisms, and 
heightened diagnostic awareness. This underscores 
the pivotal role of effective medical interventions 
in mitigating mortality. From a temporal trend 
perspective, while the mortality burden of most 
tumor types has decreased in various SDI regions, 
this positive shift has not been evenly distributed 
across all regions and tumor types. This suggests 
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that global cancer prevention and control strategies 
must become more nuanced and comprehensive. In 
devising future prevention and control strategies, it is 
imperative to bolster support for cancer prevention, 
early diagnosis, and treatment in low‑SDI regions, 
while simultaneously addressing the emerging 
challenges in the prevention and control of specific 
tumor types in high‑SDI regions, thereby fostering 
balanced progress in the global cancer prevention 
and control endeavor.

Moreover, there are disparities in the incidence of 
malignant solid tumors among different age groups of 
children and adolescents. Infants are more susceptible 
to brain cancer, neuroblastoma, kidney cancer, 
hepatoblastoma, and retinoblastoma, potentially due 
to their underdeveloped immune systems and high 
cell division rates.[29,30] Conversely, adolescents aged 
15–19 are more affected by MNBAC and STES, 
possibly linked to their growth stage, active tissues, 
and increased life pressures.[31] Adolescents may 
overlook bodily abnormalities and hesitate to discuss 
health concerns, leading to delayed diagnosis and 
reduced survival rates.[32] To address these disparities, 
precise and personalized prevention and screening 
strategies tailored to different age groups and tumor 
types are crucial for early detection.

Pediatric solid tumors are challenging due to their 
rapid growth, aggressiveness, and tendency to 
spread, making prevention difficult. However, they 
often respond well to treatment and are cost‑effective. 
To address this, early diagnostic capabilities and 
access to high‑quality healthcare must be improved. 
This ensures timely referrals to pediatric oncology 
centers for accurate evaluations, diagnoses, and 
staging, enabling effective treatment and supportive 
care.[22] As global research progresses, new targets 
and drugs offer better prospects for pediatric 
patients.[33] For example, neuroblastoma treatment is 
shifting to more precise immunotherapy and targeted 
therapy, significantly improving survival rates and 
quality of life.[23]

This study, based on GBD 2021 estimates, offers 
insights into malignant solid tumors in children 
and adolescents globally but has limitations. Data 
are mainly from existing studies and stats, which 
may be incomplete or vary in quality. Regional 
comparisons may be biased due to different data 
collection methods. The study focuses on seven 
major tumors and excludes others, like extracranial 
germ cell tumors, and lacks detailed tumor 
classification, hindering understanding of specific 
tumor pathogenesis. For rare or specific tumors, it 
provides limited information. Proposed interventions 
rely on existing research and may be affected by 

factors like medical resources, patient economics, and 
social support. Implementation must consider local 
feasibility and require continuous monitoring.

Conclusion

This study offers an exhaustive examination of the 
incidence and mortality rates associated with seven 
primary malignant solid tumors affecting children and 
adolescents worldwide. It profoundly underscores the 
dire challenges posed by these tumors to adolescents’ 
health and brings to light the stark disparities in 
their geographical distribution and across different 
socio‑economic development levels. Notably, brain 
cancer and MNBAC predominate the global incidence 
and mortality scenario, posing a formidable risk to 
the survival prospects of the affected youth. We 
urge policymakers to prioritize this, develop tailored 
prevention and screening initiatives, and improve 
pediatric cancer survival rates and prognosis.
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