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Abstract 

Background Retinoblastoma (RB), an aggressive intraocular malignancy, significantly adds to the global disease 
burden in early childhood. This study offers insights into the global burden of retinoblastoma (RB) in children aged 
0–9 years, examining incidence, mortality, and DALYs from 1990 to 2021, across age, sex, location, and SDI levels. It 
aims to inform health policy, resource allocation, and RB combat strategies.

Methods Data were retrieved from newly released Global Burden of Disease (GBD) study. The measures were esti-
mated both as numerical counts and age-standardised rates per 100,000 population. Joinpoint regression analysis 
was used to rigorously examine temporal trends, estimating the average annual percentage change (AAPC). Spear-
man’s correlation test was used to examine the relationship between SDI and the burden of RB by location and year.

Results Globally, the age-standardised incidence rate (ASIR), age-standardised mortality rate (ASMR), and age-
standardised DALYs rate (ASDR) for RB among young children in 2021 were 0.09 [95% uncertainty interval (UI): 0.05 
to 0.13], 0.04 (95%UI: 0.03 to 0.06), and 3.65 (95%UI: 2.21 to 4.96), respectively. Despite an overall increasing trend 
in incidence [AAPC: 0.62; 95% confidence interval (CI): 0.42 to 0.82], the RB incidence rate demonstrated a significant 
decline from 2019 to 2021, while mortality and DALYs rate for RB showed overall downward trends. Trends in ASIR 
varied across regions, with the highest increase in East Asia. Among all GBD regions, only Southern Sub-Saharan Africa 
exhibited rising trends in mortality and DALYs rate. Gender comparisons showed negligible differences in ASIR, ASMR 
and ASDR in 2021. Moreover, the highest disease burden was noted in early neonatal (0–6 days), and in children aged 
2–4 years at both global and regional levels. Analysis by SDI indicated that RB incidence rates increased with higher 
SDI levels. In addition, a significantly negative correlation was found between SDI level and both ASMR and ASDR 
of RB among children aged 0–9 years.
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Conclusions From 1990 to 2021, RB-related incidence, mortality, and DALYs varied by age and location. Evaluating 
spatiotemporal trends underscores the impact of health policies and substantial public health interventions on RB 
control.

Keywords Retinoblastoma, Children, Global burden of disease, Incidence, Mortality, Disability-adjusted life years

Background
Retinoblastoma (RB) is the most common malignant 
tumor of childhood, with an incidence rate of 1/15,000 to 
1/20,000, affecting approximately 8,000 children world-
wide each year [1]. Globally, RB accounts for about 6% 
of all cancers incidence in children under 5 years of age 
[2, 3]. Moreover, the incidence of RB varies substantially 
across populations, with up to 50-fold difference between 
regions. Recent study indicate that the incidence of RB is 
highest in Africa and Asia [4]. Within Asia, Jordan shows 
the highest incidence, while India leads in the Asia–
Pacific region, closely followed by China [5]. Whilst prior 
research has suggested a higher incidence in females, the 
scientific community has yet to reach a consensus on the 
influence of sex on disease incidence [6]. The mortal-
ity from RB is estimated to be below 5% in high-income 
countries, while it can reach as high as 70% in African 
countries [7]. Evidence from the Surveillance, Epidemi-
ology, and End Results (SEER) database has indicated a 
decline in both five- and ten-year relative survival rates of 
RB in the United States from 2000 to 2018 [8]. This trend 
may be partially attributed to the highly localized thera-
pies applied in advanced stages of the disease; however, 
pinpointing the exact factors driving this unanticipated 
decline in survival rates remains challenging. These find-
ings underscore the importance of maintaining vigilant 
surveillance on this disease. Epidemiological data are 
crucial for implementing effective disease prevention 
measures and informing medical resource allocation to 
address this substantial but under-examined child health 
challenge. However, a comprehensive epidemiological 
profile of RB, especially concerning disease burden met-
rics like disability-adjusted life years (DALYs) and its spa-
tio-temporal distribution, remains lacking.

The Global Burden of Disease (GBD) dataset is 
regarded as the largest and most comprehensive study 
undertaken to present a broad view of health loss from 
hundreds of diseases, injuries, and risk factors. It pro-
vides a unique platform to compare the magnitude of 
diseases, injuries, and risk factors across different age 
groups, sexes, locations, and timeframes. Recently, GBD 
2021 estimates have been produced, offering updated 
estimates for the incidence, prevalence, mortality and 
burden of 371 diseases and injuries across 204 countries 
and territories and 811 subnational locations from 1990 
to 2021 [9–11].

Utilizing the most recent data from GBD 2021, this 
study provides an all-encompassing evaluation of the 
global incidence, mortality, and DALYs of RB from 1990 
to 2021. The intention behind these findings is to furnish 
indispensable information to government and healthcare 
policymakers, allowing them to discern priority sectors 
for the prevention and control of RB. This, in turn, will 
support the development of more effective policies and 
the reasonable distribution of resources.

Methods
Study population and data collection
This prospective study used data from the GBD 2021, 
accessed via the Global Health Data Exchange (GHDx) 
results tool, which employed a consistent and compara-
ble approach to extensively assess the population, fertil-
ity, disease prevalence, and mortality across 204 countries 
and territories. Detailed methods are presented in the 
appendix of the GBD 2021 capstone papers [10, 11]. 
Briefly, GBD 2021 synthesises a large and growing num-
ber of data input sources, including surveys, censuses, 
vital statistics, and other health-related data sources. 
These inputs are used to estimate morbidity, illness, 
injury, and attributable risk across 204 countries and 
territories from 1990 to 2021, with mortality estimates 
covering 1980 to 2021. The input sources are accessible 
through an interactive citation tool in the GHDx, which 
allows users to view and access records for input sources, 
export a CSV file that includes metadata, citations, and 
usage information for specific GBD components, causes, 
risks, and locations (https:// ghdx. healt hdata. org/ gbd- 
2021). As required by GATHER, additional metadata for 
input sources are also available through this citation tool. 
Data on the incidence, mortality, and DALYs of RB were 
extracted from the GBD 2021.

The study population was defined as younger children 
aged 0–9  years, because GBD 2021 only provided the 
most recent burden estimates for RB among these popu-
lations. Furthermore, the 0–9 age range was divided into 
seven GBD age groups: 0–6 days, 7–27 days, 1–5 months, 
6–11 months, 12–23 months, 2–4 years, and 5–9 years.

Definition
According to GBD 2021, RB is defined by the Interna-
tional Statistical Classification of Diseases (ICD), Tenth 
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Revision (ICD-10), with codes C69.2-C69.22, and by 
ICD-9 with code 190.5. The Sociodemographic Index 
(SDI) is a composite indicator representing the social and 
economic conditions that influence health outcomes in 
each location. In short, it is the geometric mean of 0 to 
1 indices of total fertility rate among those younger than 
25 years old, mean educational attainment for those aged 
15 and older, and lag-distributed income per capita. The 
detailed explanation of the SDI was presented in Addi-
tional file 1: Supplementary methods.

In current study, years lived with disability (YLDs) were 
calculated by multiplying the prevalence of RB at vary-
ing severity levels by corresponding disability weights. 
Additionally, years of life lost (YLLs) were computed by 
multiplying the number of deaths in each age bracket 
by the remaining life expectancy for that age group. The 
DALYs is a summary measure that quantifies the overall 
burden of disease, which was the sum of YLLs and YLDs. 
One DALYs can be regarded as the loss of 1 year in total 
health. The detailed estimates on RB related incidence, 
mortality and DALYs were presented in Additional file 1: 
Supplementary methods. All the above measures were 
presented as counts and rates per 100,000 population. 
The 95% uncertainty interval (UI) was derived by using 
the 2.5th and 97.5th percentiles of an ordered set of 1000 
draws. Age-standardised populations were calculated 
using the GBD world population age standard.

Data analysis
In the present study, we described the number and age-
standardised rate of incidence, mortality, and DALYs for 
RB by age, sex, and location. Moreover, we employed 
the Joinpoint regression analysis model, a statisti-
cal methodology widely used in epidemiological stud-
ies, to examine temporal changes in disease prevalence 
and mortality. This model expertly identifies and quan-
titatively describes significant turning points in the 
time-series data related to the estimate of RB at global, 
regional, and national levels. The model facilitated the 
determination of the annual percent change (APC) and 
its corresponding 95% confidence interval (CI) to outline 
trends for the indicators over defined time periods. Addi-
tionally, for a comprehensive evaluation of the observed 
trends, the average annual percent change (AAPC) was 
also computed, which consolidated trend data over the 
study duration from 1990 to 2021. Statistically, an APC 
or AAPC estimate, with its 95% CI lower limit surpass-
ing zero, indicates an increasing trend within the speci-
fied interval. Conversely, an estimate with a 95% CI upper 
limit less than zero indicates a decreasing trend. If the 
95% CI for the APC or AAPC includes zero, it suggests 
that the trend has remained stable. Finally, Spearman’s 

correlation test was used to evaluate the association 
between SDI with the burden of RB by location and year. 
A significance level was set at a p-value less than 0.05. All 
analyses were performed using R software (version 4.2.2).

Ethical considerations
This study used publicly available data from the GBD 
study, which is ethically approved by the Institutional 
Review Board at the University of Washington. No per-
sonal identifiable information was used in the analysis.

Role of the funding source
The funders of the study had no role in the study design, 
data collection, data analysis, data interpretation, or writ-
ing of the report.

Results
Global level
In 2021, the global incidence of RB was estimated at 
6274.97 cases (95% UI: 3854.96 to 8381.78), an increase 
from 4673.52 cases (95% UI: 3033.33 to 5953.1) in 1990, 
reflecting a 34% increase (95% UI: 5.00% to 64.00%) from 
1990 to 2021 (Table  1). Additionally, the global age-
standardised incidence rate (ASIR) of RB rose from 0.08 
per 100,000 population (95% UI: 0.05 to 0.10) in 1990 
to 0.09 per 100,000 population (95% UI: 0.06 to 0.13) in 
2021, with an AAPC of 0.62 (95% CI: 0.42 to 0.82) dur-
ing this period (Table  1). The number of deaths due to 
RB was 2762.04 (95% UI: 1666.28 to 3760.79) in 2021, 
with an age-standardised mortality rate (ASMR) of 0.04 
per 100,000 population (95% UI: 0.03 to 0.06), show-
ing a decrease trend with AAPC of -0.70 (95% CI: -0.87 
to -0.53) from 1990 to 2021 (Table  1). Furthermore, 
the global DALYs for RB in 2021 was 243204.27 (95% 
UI: 147357.66 to 330473.92), with an age-standardised 
DALYs rate (ASDR) of 3.65 per 100,000 population (95% 
UI: 2.21 to 4.96), which showed with downward trend 
with an AAPC of -0.69 (95% CI: -0.86 to -0.52) between 
1990 and 2021 (Table 1).

Joinpoint regression analyses showed an increasing 
trend in the incidence of RB among children younger 
than 10  years old from 1990 to 2019, but followed by 
a significant decrease between 2019 and 2021 [APC: 
-8.89, P < 0.05]. As shown in Additional file  2: Fig. S1, 
the ASMR of RB decreased slowly from 1990 to 2002, 
followed by two significant rapid declines from 2014 
to 2019 (APC = -1.94, P < 0.05) and from 2019 to 2021 
(APC = -3.58, P < 0.05). A similar trend was observed in 
the ASDR, with the most notable decrease occurring 
from 2019 to 2021 (APC = -3.72, P < 0.05) (Additional 
file 2: Table S1).
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Table 1 Incidence, deaths and DALYs of retinoblastoma in children aged younger than 10 years in 1990 and 2021, and change from 
1990 to 2021

Number, (95% UI) 1990–2021 
Percentage change 
(95% UI)

ASR, per 100,000 population (95% UI) AAPC (95% CI)

1990 2021 1990 2021

By sex groups
 Both sexes
  Incidence 4673.52 (3033.33 

to 5953.1)
6274.97 (3854.96 
to 8381.78)

0.34 (0.05 to 0.64) 0.08 (0.05 to 0.10) 0.09 (0.05 to 0.13) 0.62 (0.42 to 0.82)

  Deaths 3179.83 (1819.02 
to 4172.8)

2762.04 (1666.28 
to 3760.79)

-0.13 (-0.34 to 0.14) 0.05 (0.03 to 0.07) 0.04 (0.03 to 0.06) -0.70 (-0.87 to -0.53)

  DALYs 279066.14 
(159656.45 
to 365149.79)

125385.75 (65266.11 
to 180824.51)

-0.13 (-0.34 to 0.14) 4.54 (2.60 to 5.94) 3.65 (2.21 to 4.96) -0.69 (-0.86 to -0.52)

 Boys
  Incidence 2410.74 (1435.95 

to 3243.18)
3252.15 (1846.39 
to 4461.52)

0.35 (0.02 to 0.75) 0.08 (0.05 to 0.10) 0.09 (0.05 to 0.13) 0.64 (0.51 to 0.76)

  Deaths 1650.42 (810.15 
to 2308.05)

1424.66 (739.58 
to 2057.8)

-0.14 (-0.4 to 0.23) 0.05 (0.03 to 0.07) 0.04 (0.02 to 0.06) -0.73 (-0.86 to -0.60)

  DALYs 144682.66 (71222.75 
to 202318.81)

117818.52 (55125.56 
to 168087.88)

-0.13 (-0.4 to 0.23) 4.57 (2.25 to 6.39) 3.64 (1.90 to 5.26) -0.72 (-0.84 to -0.59)

 Girls
  Incidence 2262.78 (1270.54 

to 3052.55)
3022.82 (1487.72 
to 4248.09)

0.34 (0.02 to 0.66) 0.08 (0.04 to 0.10) 0.09 (0.06 to 0.13) 0.67 (0.46 to 0.88)

  Deaths 1529.4 (656.66 
to 2123.4)

1337.38 (623.07 
to 1913.08)

-0.13 (-0.34 to 0.12) 0.05 (0.02 to 0.07) 0.04 (0.02 to 0.06) -0.68 (-0.85 to -0.51)

  DALYs 134383.48 (57787.02 
to 186200.84)

243204.27 
(147357.66 
to 330473.92)

-0.12 (-0.33 to 0.13) 4.51 (1.94 to 6.25) 3.67 (1.72 to 5.22) -0.67 (-0.84 to -0.50)

By age groups
 0–6 days
  Incidence 23.06 (15.33 to 30.17) 25.04 (15.34 to 34.53) 0.09 (-0.14 to 0.37) 0.91 (0.6 to 1.19) 1.02 (0.63 to 1.41) 0.41 (0.14 to 0.67)

  Deaths 15.61 (8.88 to 20.97) 10.49 (5.68 to 14.68) -0.33 (-0.49 to -0.12) 0.61 (0.35 to 0.83) 0.43 (0.23 to 0.60) -1.17 (-1.28 to -1.06)

  DALYs 1418.01 (808.18 
to 1905.77)

957.75 (521 
to 1336.61)

-0.32 (-0.49 to -0.11) 55.85 (31.83 
to 75.06)

39.07 (21.25 
to 54.53)

-1.15 (-1.26 to -1.04)

 7–27 days
  Incidence 8.8 (6.34 to 11.47) 12.08 (8.39 to 16.25) 0.37 (0.08 to 0.71) 0.12 (0.08 to 0.15) 0.17 (0.12 to 0.22) 1.18 (0.64 to 1.72)

  Deaths 5.28 (3.26 to 6.99) 3.41 (2.03 to 4.74) -0.35 (-0.5 to -0.15) 0.07 (0.04 to 0.09) 0.05 (0.03 to 0.06) -1.33 (-1.61 to -1.04)

  DALYs 480.36 (296.95 
to 635.44)

314.07 (187.7 
to 435.01)

-0.35 (-0.5 to -0.14) 6.4 (3.96 to 8.47) 4.31 (2.57 to 5.96) -1.32 (-1.54 to -1.10)

 1–5 months
  Incidence 231.07 (134.43 

to 312.56)
296.98 (178.25 
to 409.91)

0.29 (-0.07 to 0.69) 0.42 (0.25 to 0.57) 0.55 (0.33 to 0.76) 0.88 (0.68 to 1.09)

  Deaths 170.01 (86.15 
to 242.59)

131.12 (74.33 
to 183.28)

-0.23 (-0.48 to 0.05) 0.31 (0.16 to 0.44) 0.24 (0.14 to 0.34) -0.83 (-1.02 to -0.64)

  DALYs 15393.24 (7802.02 
to 21955.64)

11939.99 (6781.94 
to 16641.38)

-0.22 (-0.47 to 0.05) 28.19 (14.29 
to 40.21)

22.21 (12.62 
to 30.96)

-0.81 (-1.00 to -0.63)

 6–11 months
  Incidence 278.59 (149.26 

to 389.08)
368.96 (201.51 
to 535.63)

0.32 (-0.11 to 0.87) 0.44 (0.24 to 0.62) 0.58 (0.32 to 0.85) 0.97 (0.63 to 1.31)

  Deaths 218.91 (102.9 
to 319.8)

206.75 (110.5 
to 320.65)

-0.06 (-0.39 to 0.41) 0.35 (0.16 to 0.51) 0.33 (0.17 to 0.51) -0.19 (-0.34 to -0.04)

  DALYs 19712.3 (9289.83 
to 28738.34)

18679.1 (9982.31 
to 28941.33)

-0.05 (-0.39 to 0.41) 31.23 (14.72 
to 45.54)

29.56 (15.8 to 45.8) -0.19 (-0.34 to -0.04)

 12–23 months
  Incidence 645.31 (438.94 

to 834.22)
1025.57 (567.3 
to 1431.33)

0.59 (0.16 to 1.17) 0.52 (0.35 to 0.67) 0.80 (0.44 to 1.11) 1.37 (1.06 to 1.67)
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Regional level
In 2021, the highest ASIR of RB was observed in high-
middle SDI regions at 0.13 per 100,000 population 
(95% UI: 0.07 to 0.19) (Additional file 2: Table S2). Geo-
graphically, Eastern Sub-Saharan Africa had the high-
est ASIR, at 0.20 per 100,000 population (95% UI: 0.12 
to 0.31), followed by Andean Latin America at 0.18 per 
100,000 population (95% UI: 0.10 to 0.30), and Western 
Europe at 0.17 per 100,000 population (95% UI: 0.12 to 
0.21). Interestingly, relatively high-income regions dem-
onstrated obviously lower ASIRs, including Caribbean 
at 0.01 per 100,000 population (95% UI: 0.01 to 0.02), 
Oceania at 0.02 per 100,000 population (95% UI: 0.01 
to 0.05), and Australasia at 0.02 per 100,000 population 
(95% UI: 0.01 to 0.03) (Additional file 2: Table S2). From 
1990 to 2021, ASIR trends varied across regions, with a 
significant increase observed in high-middle SDI regions 
(AAPC: 2.08, 95% CI: 1.29 to 2.87), while low SDI regions 
experienced the largest decline (AAPC: -0.73, 95% CI: 
-0.86 to -0.60). High SDI regions, in contrast, showed 
stable ASIR trends (AAPC: -0.26, 95% CI: -0.78 to 0.26) 
(Additional file  2: Table  S2). Geographically, East Asia 
showed the highest increase (AAPC: 3.16, 95% CI: 2.53 to 
3.79), whereas Australasia exhibited the most significant 
decline (AAPC: -3.52, 95% CI: -6.26 to -0.69), followed 
by Caribbean (AAPC: -3.25, 95% CI: -5.26 to -1.19), and 
High-income North America (AAPC: -2.06, 95% CI: 
-3.12 to -0.98) (Additional file 2: Table S2).

The highest ASMR of RB in 2021 was found in low SDI 
regions, at 0.09 per 100,000 population (95% UI: 0.05 
to 0.13), while the lowest ASMR was recorded in high 
SDI regions. The most significant ASMR decrease was 
observed in high SDI regions (AAPC: -3.44, 95% CI: -4.24 
to -2.63) (Additional file  2: Table  S2). Geographically, 
Eastern Sub-Saharan Africa had the highest ASMR, at 
0.17 per 100,000 population (95% UI: 0.11 to 0.26), fol-
lowed by Western sub-Saharan Africa at 0.08 per 100,000 
population (95% UI: 0.03 to 0.12), and Southern Sub-
Saharan Africa at 0.04 per 100,000 population (95% UI: 
0.02 to 0.07) (Additional file 2: Table S2). It is noteworthy 
that, from 1990 to 2021, the Southern Sub-Saharan Africa 
experienced the most significant increase in ASMR 
(AAPC: 0.98, 95% CI: 0.40 to 1.57), while other regions 
exhibited downward trends, with Australasia (AAPC: 
-6.95, 95% CI: -9.34 to -4.50), Southern Latin America 
(AAPC: -5.02, 95% CI: -6.10 to -3.93), and Central Europe 
(AAPC: -4.16, 95% CI: -5.54 to -2.76) showing the most 
pronounced declines (Additional file 2: Table S2).

The burden of RB, as measured by ASDR, was highest 
in low SDI regions, reaching 7.80 per 100,000 popula-
tion (95% UI: 4.70 to 11.24) in 2021. High SDI regions, 
conversely, showed the lowest ASDR of RB at 0.26 per 
100,000 population (95% UI: 0.20 to 0.32). Geographi-
cally, Eastern Sub-Saharan Africa recorded the highest 
ASDR, at 14.67 per 100,000 population (95% UI: 9.70 
to 22.54), followed by Western sub-Saharan Africa at 
6.69 per 100,000 population (95% UI: 2.81 to 10.58), and 

AAPC average annual percent change, ASR age-standardised rate, CI confidence interval, DALYs Disability-Adjusted Life Years, UI uncertainty interval

Table 1 (continued)

Number, (95% UI) 1990–2021 
Percentage change 
(95% UI)

ASR, per 100,000 population (95% UI) AAPC (95% CI)

1990 2021 1990 2021

  Deaths 365.18 (207.56 
to 488.87)

306.37 (175.64 
to 426.52)

-0.16 (-0.37 to 0.12) 0.29 (0.17 to 0.39) 0.24 (0.14 to 0.33) -0.66 (-0.76 to -0.56)

  DALYs 32718.9 (18659.3 
to 43657.83)

27727.51 (15953.59 
to 38599.01)

-0.15 (-0.37 to 0.13) 26.26 (14.97 
to 35.03)

21.59 (12.42 
to 30.06)

-0.63 (-0.74 to -0.52)

 2–4 years
  Incidence 2836.22 (1789.75 

to 3719.09)
3649.43 (2169.18 
to 5110.76)

0.29 (-0.03 to 0.64) 0.77 (0.49 to 1.01) 0.91 (0.54 to 1.27) 0.42 (0.26 to 0.58)

  Deaths 2027.79 (1150.11 
to 2694.44)

1781.16 (1068.08 
to 2501.36)

-0.12 (-0.36 to 0.19) 0.55 (0.31 to 0.73) 0.44 (0.26 to 0.62) -0.72 (-0.92 to -0.52)

  DALYs 177718.26 
(101267.82 
to 236068.53)

156337 (93921.64 
to 219378.25)

-0.12 (-0.36 to 0.19) 48.35 (27.55 
to 64.22)

38.79 (23.3 to 54.43) -0.72 (-0.92 to -0.52)

 5–9 years
  Incidence 650.46 (444.37 

to 842.39)
896.91 (573.03 
to 1233.99)

0.38 (0.1 to 0.68) 0.11 (0.08 to 0.14) 0.13 (0.08 to 0.18) 0.54 (0.02 to 1.07)

  Deaths 377.04 (214.99 
to 514.5)

322.74 (189.68 
to 426.58)

-0.14 (-0.35 to 0.07) 0.06 (0.04 to 0.09) 0.05 (0.03 to 0.06) -0.97 (-1.22 to -0.71)

  DALYs 31625.07 (18113.11 
to 43127.48)

27248.84 (16117.81 
to 35912.42)

-0.14 (-0.35 to 0.08) 5.42 (3.1 to 7.39) 3.97 (2.35 to 5.23) -0.95 (-1.20 to -0.70)
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Andean Latin America at 3.73 per 100,000 population 
(95% UI: 2.31 to 6.08) (Additional file  2: Table  S2). Of 
note, almost all regions showed downward trends in dis-
ease burden from 1990 to 2021, with Australasia (AAPC: 
-6.00, 95% CI: -9.21 to -2.68), Southern Latin America 
(AAPC: -4.78, 95% CI: -5.84 to -3.71), and Central Europe 
(AAPC: -3.93, 95% CI: -5.31 to -2.53) showing the most 
notable reductions. The only region with a significant 
upward ASDR trend was Southern Sub-Saharan Africa 
(AAPC: 1.00, 95% CI: 0.42 to 1.58) (Additional file  2: 
Table S2).

National level
The country-specific distribution of ASIR for RB is 
detailed in Additional file 2: Fig. 1 and Table S3. Notably, 
in 2021, Tokelau (1.19 per 100,000 population; 95% UI: 
0.25 to 3.86), Kenya (0.51 per 100,000 population; 95% 
UI: 0.27 to 0.83), Malawi (0.44 per 100,000 population; 
95% UI: 0.17 to 0.89), Portugal (0.44 per 100,000 popula-
tion; 95% UI: 0.30 to 0.54), and Finland (0.37 per 100,000 
population; 95% UI: 0.23 to 0.51) showed the high-
est ASIR (Fig. 1D and Additional file 2: Table S3). From 
1990 to 2021, changes in ASIR varied across countries, 
with the most substantial relative increases observed in 
Tokelau (AAPC: 19.13, 95% CI: 14.98 to 23.42), Armenia 
(AAPC: 13.08, 95% CI: 12.32 to 13.84), and Cook Islands 
(AAPC: 9.34, 95% CI: 8.18 to 10.51) (Additional file  2: 
Table S3). Conversely, Cuba (AAPC: -8.30, 95% CI: -12.69 
to -3.67), Kuwait (AAPC: -8.29, 95% CI: -10.52 to -6.00), 

and Lithuania (AAPC: -7.89, 95% CI: -9.39 to -6.36) expe-
rienced the largest decreases in ASIR of RB.

In 2021, Malawi (0.40 per 100,000 population; 95% UI: 
0.16 to 0.88), Tokelau (0.37 per 100,000 population; 95% 
UI: 0.08 to 1.23), and Kenya (0.36 per 100,000 population; 
95% UI: 0.20 to 0.57) recorded the highest ASMR (Fig. 1E 
and Additional file  2: Table  S3). From 1990 to 2021, 
Tokelau (AAPC: 15.27, 95% CI: 11.06 to 19.64), Armenia 
(AAPC: 9.61, 95% CI: 8.52 to 10.71), and Georgia (AAPC: 
7.30, 95% CI: 4.89 to 9.77) showed the largest increases 
in ASMR (Additional file 2: Table S3). Conversely, Kuwait 
(AAPC: -10.80, 95% CI: -12.91 to -8.64), Cuba (AAPC: 
-10.64, 95% CI: -15.20 to -5.83), and Lithuania (AAPC: 
-10.22, 95% CI: -11.63 to -8.80) had the most significant 
decreases in ASMR (Additional file 2: Table S3). A Simi-
lar pattern was found in terms of DALYs.

By age and gender patterns
Our findings indicate that while the incidence and mortal-
ity cases of RB were higher in boys than in girls, the ASIR 
and ASMR as well as ASDR were comparable between gen-
ders both in 1990 and 2021 (Table 1). From 1990 to 2021, 
the ASIR for RB increased in both boys and girls, with an 
AAPC of 0.64 (95% CI: 0.51 to 0.76) in boys, and 0.67 (95% 
CI: 0.46 to 0.88) in girls. Mortality numbers were slightly 
higher in boys, while the DALYs were lower compared to 
girls in 2021. Moreover, both ASMR and ASDR declined 
from 1990 to 2021 for both genders. The AAPC of ASMR 
was -0.73 (95% CI: -0.86 to -0.60) in boys, and -0.68 (95%CI: 

Fig. 1 Age-standardised rates of incidence, deaths, and DALYs of retinoblastoma in children aged younger than 10 years in 1990 and 2021 
among 204 countries and territories. A Age-standardised incidence rate in 1990; B Age-standardised death rate in 1990; C Age-standardised DALYs 
rate in 1990; D Age-standardised incidence rate in 2021; E Age-standardised death rate in 2021; F Age-standardised DALYs rate in 2021. DALYs, 
disability-adjusted life years
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-0.85 to -0.51) in girls. Similarly, the AAPC of ASDR was 
-0.72 (95% CI: -0.84 to -0.59) for boys, and -0.67 (95% CI: 
-0.84 to -0.50) for girls (Table 1). Regionally, the most sig-
nificant disparities in incidence, mortality, and DALYs 
rates between genders were observed in high income Asia 
pacific, and Southern Sub-Saharan Africa (Fig. 2).

In terms of age, the highest RB incidence in 2021 was 
observed in infants younger than 6  days, at 1.02 per 
100,000 population (95%UI: 0.63 to 1.41), followed by 
children aged 2–4  years (0.91 per 100,000 population; 
95%UI: 0.54 to 1.27), and 12–23  months old (0.80 per 
100,000 population; 95%UI: 0.44 to 1.11) (Table 1, Fig. 3). 

Fig. 2 Age-standardised rates of incidence, deaths, and DALYs of retinoblastoma in children aged younger than 10 years in 1990 and 2021, 
by sex and region. A Age-standardised incidence rate in 1990; B Age-standardised death rate in 1990; C Age-standardised DALYs rate in 1990; D 
Age-standardised incidence rate in 2021; E Age-standardised death rate in 2021; F Age-standardised DALYs rate in 2021

Fig. 3 Global incidence, deaths, and DALYs rate of retinoblastoma in children aged younger than 10 years in 2021, by sex and age subgroups. A 
Incidence rate in 2021; B Death rate in 2021; C DALYs rate in 2021
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However, the lowest incidence occured in children aged 
5–9  years, at 0.13 per 100,000 population (95%UI: 0.08 
to 0.18). All seven age groups showed increased inci-
dence rates for RB over the study period, with the larg-
est increase observed in children aged 12–23  months 
(AAPC: 1.37, 95% CI: 1.06 to 1.67). The description of 
incidence, mortality, and DALYs rate of RB by age at dif-
ferent SDI levels were shown in Fig. 4. In 2021, the mor-
tality rate was highest in the 2–4  years age group (0.44 
per 100,000 population; 95%UI: 0.26 to 0.62), followed 
by 0–6 days group (0.43 per 100,000 population; 95%UI: 
0.23 to 0.60), with the lowest mortality rate observed 
in the 7–27 days and 5–9 years age group (Table 1). All 
age groups showed downward trends in mortality rates 
from 1990 to 2021, with the largest decline in children 
aged 7–27  days (AAPC: -1.33, 95%CI: -1.61 to -1.04). 
The DALYs rate followed a similar trend, with decreases 
across all age groups (Table 1). Globally, the largest dis-
parities in incidence, mortality, and DALYs rates between 
genders were observed among 0–6 days group (Fig. 3).

By SDI
Spearman rank order correlation analyses showed a posi-
tive correlation between SDI level and ASIR of RB in 
children aged 0–9  years (r = 0.154, P < 0.01; Additional 
file 2: Fig. S2A). In term of mortality, a significant nega-
tive correlation was observed between SDI level and 
ASMR (r = -0.669, P < 0.01; Additional file  2: Fig. S3A). 
Additionally, the ASDR of RB was inversely associated 
with SDI level (r = -0.665, P < 0.01; Additional file 2: Fig. 
S4A). Among the 204 countries and territories, there was 
no significant association between the SDI and ASIR of 
RB (r = -0.021, P = 0.77). Tokelau and Kenya were signifi-
cantly higher than expected (Additional file  2: Fig. S2). 
Consistent with the association between mortality and 

SDI (r = -0.535, P < 0.01), a marked inverse correlation 
was also observed between DALYs and SDI (r = -0.531, 
P < 0.01) (Figures S3 and S4).

Discussion
RB is the most common intraocular tumor in children, 
accounting for 3% of all pediatric cancers, posing a con-
siderable global public health challenge. While prior 
research has highlighted the importance of address-
ing RB in children, the global burden of the disease has 
remained inadequately quantified. Notably, the present 
study offers the first-time critical evaluation of the dis-
ease burden of RB and introduces an innovative assess-
ment of its temporal trends in children aged 0–9  years, 
empowering regional governments to implement suitable 
preventative measures for RB in children. Strengthening 
prevention and treatment efforts is essential for dimin-
ishing the global disease burden of RB in children.

In 2021, the global ASIR for RB has significantly 
increased compared to 1990, but the overall ASMR and 
ASDR have shown noticeable declines. According to the 
World Health Organization (WHO) Guide for Effective 
Programmes in Cancer Control, programs are recom-
mended for ‘early diagnosis’ (target children with com-
mon symptoms). American Academy of Ophthalmic 
Oncologists and Pathologists has formulated clear guide-
lines for detection of RB in children ‘at risk’ for disease 
and these are practiced widely [12]. Countries including 
Canada, Mexico, United Kingdom, Kenya, India, Aus-
tralia, and New Zealand have adopted ‘early diagnosis’ 
projects mainly using red reflex examination for neo-
nates, infants, and children [13], which likely contributed 
to the rise in new RB cases. RB can be inherited [14], and 
more than nine out of every ten sufferers surviving into 
adulthood in developed countries [15, 16], thus, extended 

Fig. 4 Global incidence, deaths, and DALYs rate of retinoblastoma in children aged younger than 10 years in 2021, by age and SDI region. A 
Incidence rate in 2021; B Death rate in 2021; C DALYs rate in 2021
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survival of inherited patients may also lead to an increase 
in morbidity. Besides, improvements in therapeutic and 
health care were the most important factors contribut-
ing to the decrease in deaths and DALYs associated with 
RB [17]. Interestingly, our Joinpoint regression analysis 
indicated a significant decline in global ASIR of RB from 
2019 to 2021. This shift may reflect enhanced RB man-
agement policies introduced by global health organiza-
tions and governments around 2019 [18]. Enhancing 
awareness among healthcare professionals along with 
incorporating data from refugee populations are vital 
steps towards advancing our understanding of disease 
epidemiology [19]. In addition, the emergence of the 
COVID-19 pandemic in late 2019 and early 2020 has 
influenced the implementation of prevention and treat-
ment strategies for RB, potentially impacting short-term 
epidemiological trends in RB incidence [20–23]. Moreo-
ver, evolving treatment methods, particularly the shift 
away from external beam radiation therapy (EBRT), have 
profoundly influenced the long-term health of RB sur-
vivors. EBRT has been associated with an increased risk 
of second malignant neoplasms, significantly contribut-
ing to lifelong DALYs [24–26]. As our study spans from 
1990 to 2021, it is important to note that many chil-
dren diagnosed and treated in the early 1990s may have 
received EBRT, potentially skewing the long-term health 
outcomes compared to those diagnosed after 2000, when 
treatment protocols began to favor less harmful alterna-
tives [27]. However, we do not have specific evidence to 
support this hypothesis, and further research is needed 
to confirm these trends and their implications.

We noticed that high SDI regions had higher incidence 
but lower mortality and burden from RB. This may result 
from the more common high-energy activities in high 
SDI regions. Generally, high SDI regions also have bet-
ter medical education and doctor training, which could 
offer better medical services to reduce burden. Moreover, 
social relationships and social status are also powerful 
determinants of individual health, and high SDI regions 
could provide more social support and welfare, contrib-
uting to better recovery. The welfare and social policies 
in high SDI regions could, to a great extent, diminish the 
considerable financial gap between people with and with-
out disability. On the contrary, the higher mortality and 
burden in low-SDI regions may result from the lack of 
cancer screening system and poor health care conditions.

In our analysis of the global burden of RB, it is essen-
tial to consider the influence of genetic predisposition 
on key outcomes such as mortality and DALYs. RB is 
primarily driven by genetic factors, with the majority of 
cases linked to mutations in the RB1 gene [28]. These 
genetic anomalies can result in heritable forms of the 
disease, significantly impacting not only incidence rates 

but also treatment responses and survival outcomes [29]. 
Research indicates that advancements in genetic knowl-
edge, particularly since the mid-1990s, have improved 
early detection and intervention strategies in high-
income countries [2, 6, 30]. For instance, the ability to 
identify at-risk families through genetic testing allows for 
proactive surveillance and timely treatment, contribut-
ing to better survival rates. In contrast, low- and middle-
income countries (LMICs) may lack access to genetic 
testing and counseling, leading to delayed diagnoses 
and poorer outcomes. Moreover, the disparities high-
lighted in our findings underscore the urgent need for 
LMICs to integrate genetic knowledge into their health-
care frameworks. This could involve training healthcare 
providers in genetic counseling and facilitating access to 
genetic testing, thereby enabling early detection of RB in 
high-risk populations. Such initiatives are not only vital 
for improving individual patient outcomes but also align 
with the WHO’s objectives to address inequities in child-
hood cancer survival.

From 1990 to 2021, despite a rapid rise in the incidence 
of RB among children aged 0–9 years in East Asia coun-
tries including China, South Korea, and North Korea, 
a decline in mortality and disease burden has been 
observed. The increasing trend of RB in East Asia can be 
attributed to several interrelated factors. First, improved 
detection and diagnosis, driven by heightened awareness 
among healthcare providers and advancements in diag-
nostic technologies, likely contribute to a rise in identi-
fied cases [31, 32]. Additionally, genetic predispositions 
specific to certain populations may play a role, as heredi-
tary mutations associated with RB could be more preva-
lent in East Asia [33]. Environmental influences, such as 
increased pollution and changing lifestyle factors, may 
also be linked to rising cancer rates [34, 35]. Furthermore, 
disparities in healthcare access, particularly between 
urban and rural areas, may have historically led to under-
reporting, with recent improvements in access resulting 
in more cases being diagnosed. Conversely, Southern 
Sub-Saharan Africa including Namibia, and South Africa 
emerges as a region warranting heightened attention, 
with its incidence, mortality, and disease burden esca-
lating worldwide. Notably, this region possesses the 
second-highest rank of rising global incidence and is the 
only region where ASMR and ASDR are on an upward 
trend. This highlights the low SDI region exhibiting an 
increase in mortality rates and burden of disease. Fur-
thermore, within populous regions characterized by ele-
vated birth rates, such as Asia and Africa, the frequency 
and repercussions of RB are substantively pronounced, 
contributing significantly to the worldwide disease bur-
den [15]. Countries demonstrating high RB incidence 
have also reported the most substantial mortality rates, 
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with approximately 40 to 70% of affected individuals suc-
cumbing to the disease. Comparatively, mortality rates 
range between 3 to 5% in regions such as Europe, Can-
ada, and the USA [36, 37]. In developing nations, mor-
tality rate remains exceedingly high, accounting for 95% 
of total cases [38]. This is primarily attributed to delayed 
intervention resulting from tardy diagnoses. Factors such 
as impoverishment, lack of understanding or aware-
ness of the disease’s ramifications impede timely access 
to healthcare services [39]. Some countries conduct-
ing early diagnosis, e.g., Canada and Australia, showed 
significant decline trends in incidence, mortality, and 
DALYs. Although there is higher ASIR in Kenya in 2021, 
its ASMR and ASDR showed a downward trend from 
1990 to 2021. Therefore, implementing an early screening 
protocol is essential to mitigate the burden caused by RB 
across both developed and developing countries.

Furthermore, we found a slightly higher incidence 
and mortality cases in boys compared to girls, though 
the overall disease burden is lower in boys. There are no 
significant gender differences in the morbidity, mortal-
ity and burden rates of RB. Similarly, a previous review 
involving 4,351 new RB cases in 2017 suggested that 
there was no sex predilection associated with RB. How-
ever, sex differences existed in specific countries, such as 
Asia, and India, which may be probably related to gender 
discrimination [40]. In contrast with our findings, previ-
ous retrospective population-based cohort study using 
the Taiwan National Health Insurance Research Data-
base (1998–2011) indicated that there were more cases in 
boys than girls [41]. Moreover, the RB incidence rate dur-
ing 2000–2009 among boys in SEER 18 was significantly 
higher than that among girls [42]. Following (SEER) data 
2000–2017 indicated that increased cumulative incidence 
and excess mortality of RB was observed among male 
children, which may be explained in part by male X-link-
age [43]. However, there are no updated evidence on the 
gender disparity of RB based on worldwide population.

To the best of our knowledge, there is few evidence 
on the detailed epidemiologic characteristics of RB 
among different age groups. Compared with GBD 2019 
grouped younger children into the relatively broad 
1–4-year-old category, the GBD 2021 update further 
disaggregated age groups under 5  years into more spe-
cific categories: 0–6  days, 7–27  days, 1–5  months, 
6–11  months, 12–23  months, and 2–4  years. Globally, 
we found higher morbidity, mortality and disease burden 
in both early neonatal age (0–6 days) and children aged 
2–4  years compared with other age groups. This may 
support tailored recommendations, as healthcare needs 
and caregiver demands can differ significantly within 
these distinct age groups. Recently, another research 
team provides valuable insights into the retinoblastoma 

burden in children under 4  years of age [44]. However, 
our current research broadens this perspective to include 
children under 10 years, thereby encompassing a broader 
segment of the pediatric population affected by retino-
blastoma. Additionally, our research introduces a more 
sophisticated categorization method by leveraging the 
five SDI regions as outlined in the GBD Study 2021 cri-
teria including low, low-middle, middle, high-middle, 
and high SDI regions. This refined approach facilitates 
a more granular analysis of the retinoblastoma burden 
across diverse socio-economic strata, offering a contrast 
to the four income groupings (high income, upper-mid-
dle income, lower-middle income, and low income) uti-
lized in the previously mentioned study. Therefore, our 
study provides a more detailed and contextualized view 
of the retinoblastoma burden, which is essential for the 
development of targeted interventions and health poli-
cies worldwide.

RB continues to pose a significant health challenge for 
low- and middle-income countries. However, high SDI 
regions also exhibited a relative higher incidence of dis-
ease, which may be due to the prenatal screening and 
diagnosis of RB procedure in developed regions and 
changes in newborn growth [45]. In addition, the present 
study found the inverse association between the SDI with 
mortality and burden of RB. Several factors may explain 
the higher ASMR and ASDR of RB in low SDI regions. 
Apart from potential shortcomings in social-economic 
background, low SDI regions might have less developed 
medical infrastructure and weaker public healthcare for 
children, exacerbating the disease burden [46–48].

Generally, a standardized classification system plays a 
critical importance of RB management, particularly given 
the disparities in treatment outcomes observed globally. 
The current landscape shows that RB lacks a universally 
adopted staging system, such as the AJCC TNM stag-
ing [49, 50], which complicates reliable comparisons of 
patient information and outcomes across institutions. 
The benefits of a uniform classification system are mani-
fold; it would enhance the consistency of data collec-
tion and facilitate more effective cross-center analyses, 
ultimately leading to improved understanding of treat-
ment gaps and patient care. By adopting a standardized 
framework, healthcare providers and researchers could 
better identify disparities in treatment access and qual-
ity, informing policymakers on how to allocate resources 
more effectively. We call upon stakeholders within the RB 
community to advocate for the adoption of such a classi-
fication system, emphasizing its potential to significantly 
improve patient outcomes through collaborative efforts.

The strengthen of current study lies in its provision of 
the most comprehensive global trends of the incidence and 
mortality of RB among children younger than 10  years, 
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including regional, sex-based, and SDI-based estimates. 
However, this study is limited to the general defects of 
GBD study. First, the GBD project estimates the impact 
of different health conditions by combining information 
about morbidity and premature mortality. However, the 
methodologies employed can be subject to biases and 
uncertainties, and the results may not align entirely with 
individual call detail records statistics or other sources 
of health information. Second, the accuracy of GBD esti-
mates can be limited by the availability and quality of data, 
particularly in regions with poor health information sys-
tems. These estimates, therefore, might not fully capture 
the health condition or disease’s scope or its variability 
across different populations. The process of synthesizing 
such sparse and unevenly distributed data is complex and 
can lead to substantial uncertainty in the findings. Another 
potential limitation includes difficulty in accounting for 
co-morbidity and the complexity of multiple health condi-
tions in individuals. Another limitation of our study is the 
lack of tumor staging data in the GBD 2021 database. This 
absence restricts our ability to investigate the relationship 
between tumor staging and disease burden, particularly 
in understanding how variations in presentation stage 
impact treatment outcomes and mortality rates. Future 
research efforts should aim to integrate tumor staging 
information to provide a more nuanced understanding of 
prognosis in retinoblastoma and to guide targeted inter-
ventions. Finally, GBD database did not estimate data on 
the type of RB such as unilateral and bilateral disease. Even 
so, the GBD 2021 study has indeed made a considerable 
contribution to global health by providing comprehensive 
and comparable estimates of the burden of RB for global, 
regional, and national decision-making.

Conclusions
Although the incidence rate of childhood-onset RB 
has generally increased from 1990 to 2021, a significant 
decline was observed since 2019. Furthermore, there 
was a notable decrease in both the mortality and DALYs 
rates of RB during the study period. Of note, East Asia 
exhibited the most significant rise in the incidence rate of 
RB among children aged 0–9 years. While most regions 
experienced declining trends, Southern Sub-Saharan 
Africa was the only area to show a significant increase in 
both the mortality and DALYs rates of RB. In 2021, boys 
had slightly higher incidences and mortalities, but lower 
DALYs compared to girls. Early neonatal (0–6 days) and 
2-4 year-old children were found to have the highest inci-
dence, mortality and DALYs rates of RB. There was also 
marked heterogeneity between regions with different 
SDI levels. Countries with high SDI generally exhibited 
a greater incidence rate but lower mortality and DALYs 
rates among children of RB aged 0–9 years.
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