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Background: Eye cancer is a significant threat to vision and survival because of
its location, diagnostic challenges, and aggressive nature. However, its global
epidemiology, especially regarding differences across countries, age groups,
and sex, is not well-studied.

Methods: This study analyzed data from the Global Burden of Disease Study
2021 to evaluate trends in eye cancer, focusing on incidence, prevalence,
mortality, and disability-adjusted life years (DALYs) across 204 countries from
1990 to 2021. Age-standardized rates and estimated annual percentage
changes were used to assess trends over time. Disparities were examined by
sociodemographic index (SDI), sex, and age, with concentration and slope index
analyses assessing development-and sex-related inequalities.

Results: From 1990 to 2021, the global burden of eye cancer showed an
overall increase in incidence and prevalence, with notable geographic and
sociodemographic variations. Sociodemographic analysis revealed persistent
inequalities, with higher detection-related prevalence and incidence in
developed regions and greater mortality and disability in less developed areas.
Age-specific prevalence demonstrated a rightward shift, with older populations,
particularly those aged >65 years, carrying the largest burden. Sex disparities
were also evident, as men generally exhibited higher incidence and prevalence
rates, while women in low-SDI regions faced a disproportionate share of
mortality and DALY burden.

Conclusion: This study highlights significant global disparities in eye cancer,
influenced by sociodemographic factors, sex, and age. Urgent investment in
diagnostic infrastructure, equitable care, and sex-sensitive measures is essential
to reduce preventable vision loss and cancer deaths.
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Introduction

According to GLOBOCAN 2020, an estimated 19.3 million new
cancer cases and 10 million cancer-related deaths occurred worldwide
in 2020 alone, highlighting the growing global burden of malignancies
(1). Despite accounting for less than 0.1% of all new cancer diagnoses
globally, eye cancer represents a particularly challenging disease
category due to its anatomical location and clinical consequences. Eye
cancer comprises a heterogeneous group of malignancies originating
from intraocular structures, ocular adnexa, and adjacent tissues,
including the uvea, retina, eyelids, conjunctiva, and lacrimal glands
(2-5). Although these malignancies are relatively rare compared to
other solid tumors, their clinical implications are disproportionately
severe. Even when confined to the eye, these cancers can result in
irreversible vision loss, facial disfigurement, or necessitate enucleation,
thereby significantly impacting visual function, psychosocial
wellbeing, and overall quality of life (6, 7). Certain subtypes, such as
uveal melanoma in adults and retinoblastoma in children, exhibit
notable aggressiveness, characterized by high metastatic potential and
significant mortality if not promptly diagnosed and treated (8, 9). The
management of ocular cancer typically demands highly specialized,
multidisciplinary care, which may not be readily available in many
regions globally (10, 11). In low-resource settings, delays in diagnosis
and treatment often lead to advanced-stage disease and poorer
prognoses. From a public health perspective, eye cancer constitutes a
significant yet frequently neglected factor contributing to both cancer-
related mortality and vision-related disability, especially among
vulnerable populations. Understanding its epidemiological patterns is
crucial for informing global strategies aimed at simultaneously
reducing preventable blindness and the cancer burden.

Despite the clinical significance of eye cancer, its
epidemiological profile remains inadequately characterized on a
global scale. The majority of existing research has concentrated on
individual subtypes, such as uveal melanoma or retinoblastoma,
or has been based on data derived from localized hospital
registries and small cohort studies (12-14). While these studies
are valuable for elucidating clinical outcomes and treatment
efficacy, they provide limited insights into the population-level
burden of the disease across different countries and regions (15).
Notably, there has been insufficient effort to integrate the various
forms of eye cancer into a comprehensive global framework that
their
disability impact.

encompasses collective incidence, mortality, and

Furthermore, eye cancer is frequently underrepresented or
minimally included in large-scale cancer surveillance initiatives, such
as those conducted by international cancer registries or global
oncology databases. Consequently, there is a paucity of comprehensive
and comparable data regarding the temporal evolution and
population-specific variations in the burden of eye cancer. This
informational deficit is particularly acute in low-and middle-income
countries, where factors such as underdiagnosis, incomplete cancer
reporting, and limited access to specialized care exacerbate the
uncertainty surrounding disease estimates. Notably, there is a dearth
of studies investigating the influence of social determinants, such as
sociodemographic development, sex, and age, on the distribution and
outcomes of eye cancer. This lack of equity-focused research constrains
policymakers’ capacity to design targeted interventions and allocate

resources effectively.

Frontiers in Medicine

10.3389/fmed.2025.1638733

To address these gaps, the present study aims to provide a
comprehensive assessment of the global, regional, and national burden
of eye cancer from 1990 to 2021, utilizing data from the Global Burden
of Disease (GBD) Study 2021. By analyzing age-standardized
incidence, prevalence, mortality, and disability-adjusted life years
(DALYs) across 204 countries and territories, this research aims to
quantify temporal trends and identify spatial heterogeneity in disease
patterns. Beyond estimating the overall burden, we further investigate
disparities stratified by sociodemographic index (SDI), sex, and age to
uncover structural inequities in detection, survival, and health
outcomes. Additionally, we use inequality metrics, including the
concentration index (CI) and slope analysis, to evaluate the
distribution of eye cancer burden along global development gradients.
Through this approach, the study seeks to generate actionable
evidence to guide equitable resource allocation, enhance cancer
surveillance, and support the integration of eye cancer into broader
global oncology and vision health strategies.

Materials and methods
Data source and study design

This study utilized data from the Global Burden of Disease Study
2021 (GBD 2021), coordinated by the Institute for Health Metrics and
Evaluation (IHME). The GBD provides standardized, comparable
estimates of disease burden across 204 countries and territories from
1990 to 2021. Data sources include national cancer registries, hospital
records, vital statistics, surveys, and the published literature. All inputs
were processed using consistent methods to ensure comparability
across outcomes.

Eye cancers were defined according to the GBD cause hierarchy,
specifically encompassing malignant neoplasms of the eye and its
adnexa, such as uveal melanoma and retinoblastoma. Malignant
neoplasms of the eyelid were excluded from the analysis, as these are
classified as skin cancers in the GBD cause hierarchy based on the
International Classification of Diseases, Tenth Revision (ICD-10)
definitions. Disease burden estimates for eye cancers were reported in
terms of four key metrics: incidence, prevalence, mortality, and
DALYs. Each metric was calculated for both sexes and across all
age groups.

All estimates were stratified by year, age, sex, country or territory,
and SDI level. To facilitate cross-country comparisons and control for
differences in population age structures, rates were age-standardized
using the GBD world standard population. The present study adhered
to the Guidelines for Accurate and Transparent Health Estimates
Reporting (GATHER), ensuring methodological transparency and
reproducibility (16).

Burden estimation metrics and modeling
framework

Incidence and prevalence were estimated using DisMod-MR 2.1
(17), a Bayesian meta-regression tool used in the GBD framework to
synthesize data across diverse sources. Mortality estimates were
generated using the Cause of Death Ensemble model (CODEm),
which selects optimal predictive models based on out-of-sample
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performance. DALYs were calculated as the sum of years of life lost
(YLLs) due to premature mortality and years lived with disability
(YLDs). Disability weights (DWs) were derived from GBD population-
based surveys and reflect the relative severity of health states, including
moderate to severe vision impairment and cancer-related disability.

Stratification dimensions

All estimates were stratified by sex, age, geographical location, and
SDI level to enable detailed and equitable evaluation of ocular tumor
burden. This stratification allowed identification of disproportionately
affected subgroups and the assessment of patterns across demographic
and developmental contexts.

All metrics were computed separately for males and females to
explore sex-based differences in incidence, survival, and outcomes.
Age-specific estimates covered 20 standard GBD age groups (ranging
from 0 to 6 days to >95 years), enabling assessment of burden patterns
across the life course.

Geographical stratification included three levels: global, 21 GBD
regions, and 204 countries or territories, supporting regional and
national analyses of spatial heterogeneity. Countries were also
categorized into five SDI groups: low, low-middle, middle, high-
middle, and high (18). The SDI is a composite index based on national
income per capita, education levels (age >15), and fertility rates (age
<25), reflecting development status and access to health resources.

Trend and inequality analysis

To quantify long-term dynamics of the burden of eye cancer,
we assessed temporal trends in age-standardized rates (ASRs) from
1990 to 2021 for incidence, prevalence, mortality, and DALYs. The
direction and magnitude of these trends were evaluated using the
estimated annual percentage change (EAPC). This metric was derived
by fitting a linear regression model to the natural logarithm of the ASR
values over time (19):

In(ASR; )=+ fxt+e

where ¢ represents the calendar year. The EAPC was calculated
as follows:

EAPC:lOOx(eﬂ —1)

The 95% confidence interval (CI) for the EAPC was used to
determine the statistical significance of each trend: an entirely positive
CI indicates a significant increase, an entirely negative CI indicates a
significant decline, and a CI crossing zero suggests a stable trend.

To assess disparities in ocular tumor burden across socioeconomic
development levels, we conducted inequality analyses using the SDI
as a ranking variable. Two complementary metrics were applied: the
CI, which measures the degree to which disease burden is distributed
along the SDI continuum (positive values indicate concentration in
high-SDI countries, negative values in low-SDI countries), and the
Slope Index of Inequality (SII), which quantifies the absolute
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difference in ASRs between the most and least developed settings
using linear regression. Both indices were calculated for the years 1990
and 2021 to evaluate temporal changes in equity. This methodological
approach is consistent with prior GBD applications in cancer
inequality research (20, 21). All analyses were stratified by sex to
account for sex-specific differences in burden distribution. For visual
interpretation, concentration curves and slope plots were generated
for each metric. All statistical procedures were performed using R
software (version 4.2.2), with dedicated packages for regression
modeling and inequality analysis.

Results

National-level trends in ocular tumor
burden (1990-2021)

From 1990 to 2021, the burden of eye cancer exhibited
considerable spatial heterogeneity across 204 countries, with
marked variations in trends of incidence, prevalence, mortality, and
DALYs. These differences likely reflect disparities in demographic
growth, healthcare infrastructure, diagnostic capacity, and
treatment availability.

Incidence increased in the majority of countries, with the most
pronounced relative growth observed in parts of the Middle East and
East Africa. For example, the United Arab Emirates experienced a
550% increase in incident cases, with an EAPC of 2.69 (95% CI: 2.06-
3.32), and Qatar showed a comparable upward trend (EAPC = 1.29;
95% CI: 0.75-1.84). In contrast, high-SDI countries with long-
established cancer screening and early intervention programs—such
as Austria, Japan, and France—exhibited more moderate increases (all
<76.6%), suggesting relatively stable detection dynamics (Figure 1).

The prevalence increased even more sharply, particularly in
low-SDI countries. Djibouti reported a 297.8% increase in prevalent
cases, with an EAPC of 0.39 (95% CI: 0.31 to 0.47). Similarly, Sudan
and Afghanistan experienced increases of 226.7 and 230.0%, with
corresponding EAPCs of 1.76 (95% CI: 1.57 to 1.95) and 1.49 (95%
CIL: 1.28 to 1.69), respectively. These changes may reflect both
improved survivorship and rectification of historical underreporting.
In contrast, countries such as Hungary (5.9% increase) and Germany
(118.3%) demonstrated relatively limited prevalence growth,
indicative of plateauing disease burden in aging but well-
managed populations.

In terms of mortality, high-SDI countries achieved significant
reductions in age-standardized death rates (ASDRs) related to ocular
tumors. For example, Australia reported a substantial decline
(EAPC = —1.53; 95% CI: —1.66 to —1.39), while Japan showed a nearly
stable trend (EAPC = —0.05; 95% CI: —0.34 to 0.24). Interestingly,
Switzerland experienced a modest increase in ASDRs (EAPC = 0.78;
95% CI: 0.57 to 1.00) despite its advanced healthcare infrastructure.
These trends underscore the benefits of sustained investment in early
detection and effective treatment services. In contrast, Southern
sub-Saharan Africa witnessed a 142.9% increase in the absolute
number of deaths, reflecting continued challenges such as limited
access to oncology care and delayed diagnosis.

With regard to DALYs, several regions demonstrated notable
progress in reducing the overall burden of eye cancer. Southern
Latin America achieved the greatest decline in DALY ASR,
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FIGURE 1

Spatial and temporal changes in incidence (A), prevalence (B), death (C), and DALYs (D) of eye cancer across 204 countries from 1990 to 2021.

decreasing from 3.753 (95% UI: 3.099-4.616) in 1990 to 1.813 (95%
UL 1.551-2.177) in 2021, with an EAPC of —2.06 (95% CI: —2.28
to —1.84). East Asia and Central Europe followed similar downward
trajectories, with DALY ASR reductions from 3.625 to 1.701
(EAPC =-1.79) and from 7.021 to 4.240 (EAPC = -1.75),
respectively. In contrast, Nigeria and Yemen showed marked
increases in total DALYs—93.8 and 100%, respectively—
highlighting the ongoing burden in settings with persistent
diagnostic delays and treatment gaps.

Sociodemographic inequality in ocular
tumor burden (1990 vs. 2021)

Over the past three decades, sociodemographic disparities in
ocular tumor burden have persisted across all four major indicators—
prevalence, incidence, mortality, and DALYs. Using CI and slope
index analyses, we assessed the magnitude and direction of inequality
by national SDI rank between 1990 and 2021.

The prevalence remained disproportionately concentrated in
high-SDI countries. Although the inequality gap narrowed modestly—
from a CI of +0.15 (95% CI: 0.06 to 0.23) in 1990 to +0.09 (95% CI:
0.00 to 0.17) in 2021—the burden of ocular tumor prevalence
continued to favor more developed settings. This trend is likely driven
by improved survivorship in high-SDI regions, where early detection
and prolonged care result in cumulative prevalence. In contrast,
low-SDI countries displayed flatter slope gradients, consistent with
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underdiagnosis, limited survival, and weak surveillance systems
(Figure 2).

Incidence also exhibited inequality, favoring high-SDI nations.
The CI declined from +0.16 (95% CI: 0.07 to 0.24) in 1990 to +0.10
(95% CI: 0.02 to 0.19) in 2021, indicating a narrowing but persistent
concentration of new cases in wealthier countries. Slope curves
revealed steeper increases in incidence rates among upper-middle
and high-SDI countries, suggesting the influence of stronger
diagnostic  capacity and national screening initiatives
(Supplementary Figure S1).

In contrast, mortality showed a persistent inverse inequality
pattern. The CI was negative in both years—-0.17 (95% CI: —0.28
to —0.06) in 1990 and —0.17 (95% CI: —0.28 to —0.07) in 2021—
highlighting a disproportionate mortality burden in low-SDI
countries. This reflects delayed diagnosis, poor access to
treatment, and inadequate oncology infrastructure. Steep negative
slopes were particularly evident in sub-Saharan Africa and South
Asia, reinforcing regional disparities in eye cancer lethality
(Figure 3).

DALY burden was similarly skewed toward low-SDI regions and
exhibited the most pronounced inequality. The CI declined further
from —0.34 (95% CI: —0.45 to —0.22) in 1990 to —0.38 (95% CI: —0.50
to —0.26) in 2021, with steep slope gradients indicating the continued
concentration of YLLs and YLDs in the world’s poorest populations
(Supplementary Figure S2).

Collectively, these findings demonstrate a dual inequality

structure: high-SDI countries experience higher detection and longer
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survivorship (reflected in elevated prevalence and incidence), whereas ~ DALYs and deaths—underscores the urgent need for more equitable
low-SDI countries carry a disproportionate burden of mortality and  access to early diagnosis, timely treatment, and survivorship care
disability. The lack of meaningful convergence—particularly for  across socioeconomically disadvantaged regions.
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Age and SDI-specific changes in
prevalence patterns (1990 vs. 2021)

Between 1990 and 2021, global patterns in age-specific prevalence
rates (ASPRs) of ocular tumors revealed a marked rightward shift,
with prevalence increasingly concentrated in older populations and
strongly influenced by sociodemographic development (Figure 4).
This shift reflects both global aging and disparities in healthcare access
and survivorship.

Across all regions, ASPRs increased in nearly every age group, but
the steepest growth occurred among individuals aged >65, particularly
those >75. This trend highlights a growing concentration of disease
burden in the oldest cohorts, especially in high-SDI countries. While
overall ASPRs in these settings remained relatively stable (4.976 in

1990 vs. 4.845 in 2021), the prevalence among those >75 years
increased disproportionately, especially in male patients. This reflects
improved longevity after diagnosis and accumulation of age-related
risk, despite no corresponding rise in incidence.

In middle-and low-middle SDI regions, the most rapid ASPR
increases were observed in the 45-64 age group. Middle-SDI countries
experienced the fastest ASPR growth globally, with an EAPC of +1.39

(95% CI: 1.28 to 1.51) and an increase from 1.505 to 2.048 per 100,000.
Similarly, low-and middle-SDI countries saw a 117.1% increase in
prevalence numbers. These patterns may indicate earlier disease onset
or increased midlife survivorship due to modest improvements in
detection and primary treatment, though without sustained long-term
care for older adults.
In contrast, low-SDI countries consistently bore the highest
absolute ASPRs across all age groups. The total ASPRs increased from

10.3389/fmed.2025.1638733

6.540 to 6.969 per 100,000, with a 118.9% increase in case numbers
from 1990 to 2021. Growth was most pronounced among adults over
60, but younger age groups also showed moderate increases—likely
driven by delayed diagnosis, minimal access to curative therapies, and
limited palliative infrastructure. The persistently high prevalence in
these settings reflects both the accumulation of untreated disease and
stagnation in care delivery systems.

Sex-based disparities were evident across all SDI levels and age
groups. Males consistently exhibited higher ASPRs than females, and
this gap widened with age. In high-SDI regions, this divergence was
particularly pronounced among individuals >75, possibly reflecting
longer male survival or greater cumulative exposure to occupational
and environmental risk factors. Globally, male ASPRs increased from
3.274 to 3.584 per 100,000, compared to an increase from 3.018 to
3.354 per 100,000 in female ASPRs.

Sex-based inequality in 2021 across all
metrics

In 2021, ocular tumors demonstrated marked sex disparities
across all four major burden metrics—prevalence, incidence,
mortality, and DALYs—shaped by the intersecting influences of sex,
socioeconomic development, and healthcare system performance. The
extent and direction of inequality varied across indicators and SDI
levels, underscoring the complexity of sex-specific vulnerabilities in
global ocular oncology.

Prevalence disparities were the most pronounced. The CI for
males was +0.11 (95% CI: 0.03 to 0.19), suggesting a statistically
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significant concentration of ocular tumor prevalence in high-SDI
countries. In contrast, the CI for females was +0.06 (95% CI: —0.03
to 0.16), a non-significant result that indicates no clear inequality.
Male prevalence curves exhibited a distinct concave shape below
the equality line, while the female curve approximated the diagonal,
signaling a flatter distribution. Slope analysis confirmed this
pattern: male ASPRs increased steadily with SDI, whereas female
ASPRs remained relatively stable. These trends likely reflect
enhanced diagnostic capacity and longer post-diagnosis survival
among male participants in affluent regions, and potentially
underdiagnosis or reduced healthcare access for women in low-SDI
countries (Figure 5).

Incidence inequality followed a similar but less pronounced
pattern. The CI was +0.12 (95% CI: 0.04 to 0.21) for male and +0.08
(95% CI: —0.01 to 0.18) for female participants, indicating a modest
concentration of new cases in high-SDI settings. The male incidence
distribution deviated more prominently from the equality line, and
slope gradients were steeper, implying greater detection or risk
exposure. In contrast, female incidence rates were more evenly spread
across SDI levels, potentially due to diagnostic gaps or delayed care in
resource-limited regions (Supplementary Figure S3).

Mortality burden revealed a reversed and more severe pattern of
inequality. Both sexes showed negative concentration indices—-0.17
(95% CI: —0.27 to —0.07) for males and —0.18 (95% CI: —0.29 to
—0.06) for females—indicating that deaths due to ocular tumors were
The
corresponding concentration curves were convex and situated above

disproportionately concentrated in low-SDI countries.

the equality line, with slope plots showing sharp negative gradients,
particularly for females. These findings likely stem from late-stage
diagnoses, inadequate treatment infrastructure, and insufficient

10.3389/fmed.2025.1638733

follow-up care in low-income settings, especially for women
(Figure 6).

DALY inequality was the most extreme across all metrics and both
sexes. The CI reached —0.36 (95% CI: —0.48 to —0.25) for males and
—0.39 (95% CI: —0.51 to —0.27) for females, highlighting that ocular
tumor-related health loss—encompassing both premature mortality
and YLDs—was overwhelmingly concentrated in underdeveloped
regions. The concentration curves deviated substantially above the
equality line, and slope plots showed steep negative gradients,
particularly in sub-Saharan Africa and South Asia. These patterns
indicate a compounded disadvantage for populations in low-SDI
settings, where both men and women endure greater health loss due
to systemic barriers to early detection, effective treatment, and long-
term survivorship support (Supplementary Figure S4).

Discussion

This study provides novel insights into the global landscape of eye
cancer by unveiling the structural patterns of inequality embedded
within its epidemiology. By leveraging standardized and comparable
data from the GBD 2021 framework, we identified not only
quantitative shifts in incidence, prevalence, mortality, and DALY over
time, but also deeply entrenched disparities across countries, age
groups, and sexes. These findings underscore the reality that
improvements in survival and detection in high-SDI settings are not
paralleled by corresponding progress in low-resource environments.
Instead, disease burden in many low-and middle-income countries
remains exacerbated by systemic gaps in early diagnosis, treatment
infrastructure, and survivorship care.
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Sex-specific concentration curves and slope index plots for the mortality of eye cancer in 2021

Despite the clinical significance of eye cancers, they have been
largely neglected in global burden assessments (22, 23). Prior studies
have predominantly relied on data from hospital-based cohorts or
regional cancer registries, often emphasizing histopathological
characteristics, treatment outcomes, or survival rates within specific
populations (24-28). In contrast, our study comprehensively examines
ocular malignancies at a global population level, integrating multiple
tumor subtypes and stratifying burden by age, sex, and SDI quintile.
Importantly, we reveal previously undocumented epidemiological
patterns—including a disproportionate concentration of prevalence
in high-SDI countries due to aging populations and enhanced
detection, and persistent excess mortality and DALY burdens in
low-SDI regions where access to timely care remains limited.
Sex-specific disparities are also evident, with elderly males in high-
income settings exhibiting rising incidence, while women in low-SDI
settings disproportionately shoulder the untreated disease burden due
to structural and social barriers. These findings elevate eye cancers
from a niche clinical concern to a broader public health priority and
demonstrate how their burden is shaped not only by biology, but by
development, equity, and systems capacity. Our analysis thus fills a
critical knowledge gap by providing a longitudinal and stratified view
of eye cancer burden that can guide future research and inform
context-sensitive interventions. It also highlights the urgent need to
embed ophthalmic oncology more explicitly within global cancer
control and vision health agendas.

In comparison to other solid tumor GBD analyses, such as those
concerning central nervous system neoplasms (29), oral cavity cancers
(30), or cutaneous melanoma (31), eye cancers present several distinct
epidemiological characteristics. For instance, unlike brain tumors
(32), where mortality trends have stabilized across most high-income
regions, eye cancers exhibit continuous declines in DALY in these
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countries. This trend is likely attributable to advances in early
detection and organ-preserving treatment modalities. In contrast,
while skin cancers are predominantly influenced by ultraviolet
exposure and are more prevalent in high-latitude countries (33), eye
cancers display greater geographic heterogeneity, with rapidly
increasing incidence rates observed in parts of the Middle East and
East Africa. These distinctions indicate that eye cancers occupy a
unique position within the global cancer burden landscape, shaped
not only by anatomical susceptibility and environmental risk factors
but also by significant deficiencies in surveillance, diagnostic, and
treatment infrastructures.

Sex-specific patterns have revealed significant disparities in the
burden of eye cancers. Males consistently demonstrate higher
age-standardized mortality and DALY rates compared to females
across most regions and age groups. These disparities may
be attributed to a combination of factors, including delayed healthcare
engagement, greater occupational or environmental exposures, and
potential biological differences in tumor aggressiveness or immune
response. The disadvantage in survival outcomes among males
necessitates targeted intervention strategies to enhance early detection
and treatment adherence, particularly in regions with a high disease
burden (34, 35). However, when stratified by the development level,
the inequality in mortality and DALY burden is more severe among
women in low-SDI countries, as reflected by more negative CI values.
Beyond biological and healthcare system factors, these disparities are
likely exacerbated by entrenched social determinants. In many
low-resource settings, women face compounded barriers to accessing
timely and effective care, including limited autonomy in health
decision-making, lower health literacy, and economic dependency on
males in the family (36). Additionally, sociocultural constraints, such
as stigma surrounding cancer diagnosis or restrictions on women’s
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mobility, can result in delayed care-seeking and advanced-stage
presentation. These systemic inequalities may contribute to
underdiagnosis, treatment discontinuation, and suboptimal follow-up,
ultimately amplifying the burden of disease among women in
disadvantaged populations. Therefore, addressing both the higher
absolute burden in men and the disproportionate relative burden in
disadvantaged women is essential for developing equitable,
sex-responsive strategies in global eye cancer control.

The observed disparities in eye cancer burden across SDI levels
are attributed to structural differences in healthcare systems, access to
diagnostics, and demographic transitions. In high-SDI countries,
declining mortality and DALY rates reflect the benefits of early
detection through routine screening, advanced treatment options such
as brachytherapy and proton beam therapy, and comprehensive
survivorship care. These countries also face a growing prevalence
burden due to improved survival and rapid population aging, with
diseases increasingly concentrated among elderly males. In contrast,
low-SDI regions continue to bear a disproportionate mortality and
disability burden, largely driven by delayed diagnoses, limited
treatment availability, and under-resourced healthcare infrastructure.
Additionally, rising prevalence among middle-aged populations in
these settings may indicate earlier onset or prolonged survival without
adequate follow-up. These inequities highlight the need for targeted
global strategies to promote early diagnosis, strengthen care delivery
systems, and address the growing impact of demographic shifts.

The heterogeneous distribution of ocular tumor burden across
various regions, age groups, and sociodemographic strata necessitates
the implementation of stratified, context-sensitive interventions rather
than uniform solutions. First, the increasing incidence and persistently
high burden of eye cancers in pediatric populations, particularly in
regions with low SDI, underscore the urgent need to enhance early
screening programs for childhood eye cancers, such as retinoblastoma.
Integrating ocular screening into routine pediatric health visits,
alongside improved community-level education to raise awareness of
early warning signs, may help reduce diagnostic delays. Establishing
and expanding population-based ocular tumor registries is also crucial
for improving epidemiologic surveillance and guiding resource
allocation in both low-and middle-income countries (27, 37). Second,
in high-burden settings, such as Eastern sub-Saharan Africa, a
paradigm shift is necessary to develop sustainable, low-cost ocular
oncology care platforms. Task-shifting strategies, such as training
non-specialist providers to recognize ocular malignancies, increasing
telemedicine capacity, and decentralizing care delivery, may address the
shortage of specialists. Furthermore, governmental investment in
fundamental treatment infrastructure, such as radiotherapy units,
chemotherapy supply chains, and surgical training programs, has the
potential to significantly decrease mortality and disability associated
with eye cancers (38). As survivorship rates improve in many high-and
middle-SDI regions, particularly among the elderly, it is imperative to
shift focus toward the functional and psychosocial dimensions of care.
This includes integrating vision preservation, rehabilitation services,
assistive technologies (e.g., low vision aids and mobility training), and
long-term psychosocial support into national cancer control plans.
Neglecting to address post-treatment quality of life could lead to an
underestimation of the broader societal and economic impacts of eye
cancers, especially given the rising prevalence. Specific strategies may
include routine ocular oncology screenings for high-risk elderly
populations, geriatric-specific treatment protocols that consider
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comorbidities and functional reserve, and coordinated care models
that involve ophthalmologists, oncologists, and primary care providers
to facilitate shared decision-making and ongoing monitoring. Finally,
the marked inequalities in burden and trends across SDI levels
underscore the need for global cooperation. Our findings align with
the priorities outlined in the WHO’s Universal Eye Health: A Global
Action Plan 2014-2019, which emphasizes the need to strengthen eye
health systems, improve access to care, and reduce avoidable vision
impairment through early detection and treatment. Multilateral
funding agencies, non-governmental organizations, and international
cancer alliances should prioritize ophthalmic oncology capacity-
building in under-resourced countries. Sharing of best practices,
treatment protocols, and surveillance infrastructure through
international partnerships can accelerate progress toward equity in
ocular cancer prevention and care.

Several limitations inherent to the GBD methodology and data
inputs should be considered when interpreting our findings. First,
despite the GBD framework’s integration of diverse data sources, such
as cancer registries and hospital records, the availability and quality of
ocular tumor data exhibit considerable variability across different
countries. In numerous low-income regions, issues such as
underreporting, misclassification, and inadequate cancer surveillance
infrastructure may introduce uncertainty or systematic bias into the
estimates (28, 39). Second, the disease category examined in this study
includes a heterogeneous array of malignancies affecting various
ocular structures, each with distinct biological behaviors, prognoses,
and treatment pathways. The inability to differentiate among these
subtypes restricts the granularity of epidemiological interpretation
and may obscure significant subtype-specific patterns. Notably,
malignant tumors of the eyelid were excluded from our analysis, as
they are classified under malignant neoplasms of the skin in the
ICD-10 framework used by GBD 2021. This exclusion may lead to an
underestimation of the total ocular cancer burden. Third, although
ASRs serve as a valuable tool for comparison, they fail to capture the
full extent of the functional burden, such as the severity of vision loss,
impairments in quality of life, or psychosocial impacts, which are
particularly pertinent in the context of ocular oncology. Similarly, the
use of modeled DALY estimates may not fully reflect context-specific
access to rehabilitation or survivorship support, especially in resource-
limited settings.

Nevertheless, despite these limitations, by systematically
stratifying burden estimates according to age, sex, and the SDI level,
this study presents the most comprehensive analysis to date of global
disparities in ocular oncology. The findings highlight that eye cancers,
although relatively rare, mirror broader patterns of structural health
inequities and resource imbalances within global cancer control
efforts. Consequently, the study underscores the pressing need for
targeted strategies that extend beyond clinical interventions. These
strategies should focus on enhancing early detection, improving
treatment capacity in underserved regions, and ensuring equitable
survivorship care throughout the lifespan.

Conclusion

This research advances the epidemiological understanding of eye
cancers and lays the groundwork for integrating these malignancies
into national and international health planning. Furthermore, it offers
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a replicable framework for equity-oriented analysis of other rare but
impactful diseases, reinforcing the significance of inclusive, data-
driven approaches in global health policy and oncology research.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Author contributions

JB: Investigation, Methodology, Project administration, Software,
Supervision, Visualization, Writing - original draft, Writing - review
& editing. Methodology,
administration, Software, Supervision, Writing - original draft. YG:

ZW:  Conceptualization, Project

Investigation, Methodology, Supervision, Writing - review & editing.
Methodology,
administration, Supervision, Visualization, Writing - original draft,

QP: Conceptualization, Investigation, Project

Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
Cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2021) 71:209-49. doi: 10.3322/caac.21660

2. Dimaras H, Kimani K, Dimba EA, Gronsdahl P, White A, Chan HS, et al.
Retinoblastoma. Lancet. (2012) 379:1436-46. doi: 10.1016/s0140-6736(11)61137-9

3. American Association for Cancer Research. Uveal melanoma therapy on the
horizon? Cancer Discov. (2014) 4:0F6. doi: 10.1158/2159-8290.Cd-nb2014-103

4. Vest SD, Coupland SE, Esmaeli B, Finger PT, Graue GE Grossniklaus HE. Specific
location of ocular adnexal lymphoma and mortality: an international multicentre retrospective
study. Br ] Ophthalmol. (2023) 107:1231-8. doi: 10.1136/bjophthalmol-2021-320466

5. Kiveld T, Kujala E. Prognostication in eye cancer: the latest tumor, node, metastasis
classification and beyond. Eye. (2013) 27:243-52. doi: 10.1038/eye.2012.256

6. Croley CR, Pumarol ], Delgadillo BE, Cook AC, Day E Kaceli T, et al. Signaling
pathways driving ocular malignancies and their targeting by bioactive phytochemicals.
Pharmacol Ther. (2023) 248:108479. doi: 10.1016/j.pharmthera.2023.108479

7. Konradsen H, Kirkevold M, McCallin A, Cayé-Thomasen P, Zoffmann V. Breaking
the silence: integration of facial disfigurement after surgical treatment for cancer. Qual
Health Res. (2012) 22:1037-46. doi: 10.1177/1049732312448545

8. Carvajal RD, Sacco JJ, Jager MJ, Eschelman DJ, Olofsson Bagge R, Harbour JW, et al.
Advances in the clinical Management of Uveal Melanoma. Nat Rev Clin Oncol. (2023)
20:99-115. doi: 10.1038/s41571-022-00714-1

9. Fabian ID, Abdallah E, Abdullahi SU, Abdulgader RA, Adamou Boubacar S,
Ademola-Popoola DS, et al. Global retinoblastoma presentation and analysis by national
income level. JAMA Oncol. (2020) 6:685-95. doi: 10.1001/jamaoncol.2019.6716

Frontiers in Medicine

10.3389/fmed.2025.1638733

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1638733/
full#supplementary-material

SUPPLEMENTARY FIGURE S1
Socio-demographic inequality in incidence (1990 vs. 2021).

SUPPLEMENTARY FIGURE S2
Socio-demographic inequality in DALYs (1990 vs. 2021).

SUPPLEMENTARY FIGURE S3
Gender-specific concentration curves and slope index plots for the
incidence of eye cancer in 2021.

SUPPLEMENTARY FIGURE S4
Gender-specific concentration curves and slope index plots for the DALY
burden of eye cancer in 2021

10. Munier FL, Beck-Popovic M, Chantada GL, Cobrinik D, Kiveld TT, Lohmann
D, et al. Conservative Management of Retinoblastoma: challenging orthodoxy
without compromising the state of metastatic grace. "alive, with good vision and
no comorbidity". Prog Retin Eye Res. (2019) 73:100764. doi: 10.1016/j.
preteyeres.2019.05.005

11. Tomar AS, Finger PT, Gallie B, Kiveld TT, Mallipatna A, Zhang C, et al. Global
retinoblastoma treatment outcomes: association with national income level.
Ophthalmology. (2021) 128:740-53. doi: 10.1016/j.0phtha.2020.09.032

12. Andreoli MT, Mieler WE, Leiderman YI. Epidemiological trends in uveal
melanoma. Br ] Ophthalmol. (2015) 99:1550-3. doi: 10.1136/bjophthalmol-2015-306810

13. Mahendraraj K, Lau CS, Lee I, Chamberlain RS. Trends in incidence, survival, and
Management of Uveal Melanoma: A population-based study of 7, 516 patients from the
surveillance, epidemiology, and end results database (1973-2012). Clin Ophthalmol.
(2016) 10:2113-9. doi: 10.2147/0pth.S113623

14. Hindso TG, Bjerrum CW, Nissen K, Sjol MB, Faber C, Heegaard S, et al. Validation
of four prognostic models for metastatic posterior uveal melanoma in a Danish cohort.
Invest Ophthalmol Vis Sci. (2025) 66:38. doi: 10.1167/i0vs.66.5.38

15. Zhou M, Tang ], Fan J, Wen X, Shen J, Jia R, et al. Recent progress in retinoblastoma:
pathogenesis, presentation, diagnosis and management. Asia-Pac ] Ophthalmol. (2024)
13:100058. doi: 10.1016/j.apjo.2024.100058

16. Stevens GA, Alkema L, Black RE, Boerma JT, Collins GS, Ezzati M, et al.
Guidelines for accurate and transparent health estimates reporting: the Gather
statement. PLoS Med. (2016) 13:e1002056. doi: 10.1371/journal.pmed.1002056

17. GBD 2021 Diabetes Collaborators. Global, regional, and national burden of
diabetes from 1990 to 2021, with projections of prevalence to 2050: a systematic analysis

frontiersin.org


https://doi.org/10.3389/fmed.2025.1638733
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1638733/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1638733/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/s0140-6736(11)61137-9
https://doi.org/10.1158/2159-8290.Cd-nb2014-103
https://doi.org/10.1136/bjophthalmol-2021-320466
https://doi.org/10.1038/eye.2012.256
https://doi.org/10.1016/j.pharmthera.2023.108479
https://doi.org/10.1177/1049732312448545
https://doi.org/10.1038/s41571-022-00714-1
https://doi.org/10.1001/jamaoncol.2019.6716
https://doi.org/10.1016/j.preteyeres.2019.05.005
https://doi.org/10.1016/j.preteyeres.2019.05.005
https://doi.org/10.1016/j.ophtha.2020.09.032
https://doi.org/10.1136/bjophthalmol-2015-306810
https://doi.org/10.2147/opth.S113623
https://doi.org/10.1167/iovs.66.5.38
https://doi.org/10.1016/j.apjo.2024.100058
https://doi.org/10.1371/journal.pmed.1002056

Bai et al.

for the global burden of disease study 2021. Lancet. (2023) 402:203-34. doi:
10.1016/s0140-6736(23)01301-6

18.GBD 2019 Stroke Collaborators. Global, regional, and national burden of
stroke and its risk factors, 1990-2019: a systematic analysis for the global burden of
disease  study  2019.  Lancet  Neurol. (2021) 20:795-820. doi:
10.1016/s1474-4422(21)00252-0

19.Clegg LX, Hankey BF, Tiwari R, Feuer EJ, Edwards BK. Estimating average
annual per cent change in trend analysis. Stat Med. (2009) 28:3670-82. doi:
10.1002/sim.3733

20. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and
risk factors in China and its provinces, 1990-2017: A systematic analysis for the global
burden of disease study 2017. Lancet. (2019) 394:1145-58. doi:
10.1016/s0140-6736(19)30427-1

21.Sun R, Dou W, Liu W, Li J, Han X, Li S, et al. Global, regional, and National Burden
of Oral Cancer and its attributable risk factors from 1990 to 2019. Cancer Med. (2023)
12:13811-20. doi: 10.1002/cam4.6025

22.Nomura S, Sakamoto H, Glenn S, Tsugawa Y, Abe SK, Rahman MM, et al.
Population health and regional variations of disease burden in Japan, 1990-2015: A
systematic subnational analysis for the global burden of disease study 2015. Lancet.
(2017) 390:1521-38. doi: 10.1016/s0140-6736(17)31544-1

23.GBD 2021 US Burden of Disease and Forecasting Collaborators. Burden of
disease scenarios by state in the USA, 2022-50: A forecasting analysis for the global
burden of disease study 2021. Lancet. (2024) 404:2341-70. doi:
10.1016/50140-6736(24)02246-3

24.Luo G, Zhang Y, Etxeberria ], Arnold M, Cai X, Hao Y, et al. Projections of lung
Cancer incidence by 2035 in 40 countries worldwide: population-based study. JMIR
Public Health Surveill. (2023) 9:¢43651. doi: 10.2196/43651

25. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global Cancer
statistics 2018: Globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. (2018) 68:394-424. doi:
10.3322/caac.21492

26. Dimaras H, Corson TW, Cobrinik D, White A, Zhao J, Munier FL, et al.
Retinoblastoma. Nat Rev Dis Primers. (2015) 1:15021. doi: 10.1038/nrdp.2015.21

27.Kiveld T. The epidemiological challenge of the Most frequent eye Cancer:
retinoblastoma, an issue of birth and death. Br ] Ophthalmol. (2009) 93:1129-31. doi:
10.1136/bjo.2008.150292

28. Fitzmaurice C, Abate D, Abbasi N, Abbastabar H, Abd-Allah F, Abdel-Rahman O,
et al. Global, regional, and national cancer incidence, mortality, years of life lost, years

Frontiers in Medicine

11

10.3389/fmed.2025.1638733

lived with disability, and disability-adjusted life-years for 29 cancer groups, 1990 to 2017:
a systematic analysis for the global burden of disease study. JAMA Oncol. (2019)
5:1749-68. doi: 10.1001/jamaoncol.2019.2996

29. GBD 2015 Neurological Disorders Collaborator Group. Global, regional, and
national burden of neurological disorders during 1990-2015: a systematic analysis for
the global burden of disease study 2015. Lancet Neurol. (2017) 16:877-97. doi:
10.1016/s1474-4422(17)30299-5

30. GBD 2021 Oral Disorders Collaborators. Trends in the global, regional, and national
burden of oral conditions from 1990 to 2021: a systematic analysis for the global burden of
disease study 2021. Lancet. (2025) 405:897-910. doi: 10.1016/s0140-6736(24)02811-3

31. Wang XM, Borsky K, Proctor DW, Goodall R, Marshall DC, Dobell W; et al. Trends in
cutaneous melanoma mortality and incidence in European Union 15+ countries between
1990 and 2019. ] Eur Acad Dermatol Venereol. (2025) 39:1285-96. doi: 10.1111/jdv.20524

32. GBD 2016 Brain and Other CNS Cancer Collaborators. Global, regional, and national
burden of brain and other CNS cancer, 1990-2016: a systematic analysis for the global burden
of disease study 2016. Lancet Neurol. (2019) 18:376-93. doi: 10.1016/s1474-4422(18)30468-x

33.Wu Z, Xia E Lin R. Global burden of Cancer and associated risk factors in 204
countries and territories, 1980-2021: A systematic analysis for the Gbd 2021. ] Hematol
Oncol. (2024) 17:119. doi: 10.1186/s13045-024-01640-8

34.Zou B, Wu P, Chen J, Luo J, Lei Y, Luo Q, et al. The global burden of cancers
attributable to occupational factors, 1990-2021. BMC Cancer. (2025) 25:503. doi:
10.1186/s12885-025-13914-6

35. Fitzmaurice C, Dicker D, Pain A, Hamavid H, Moradi-Lakeh M, MacIntyre MF,
et al. The global burden of Cancer 2013. JAMA Oncol. (2015) 1:505-27. doi:
10.1001/jamaoncol.2015.0735

36. Oppong BA, Obeng-Gyasi S, Relation T, Adams-Campbell L. Call to action: breast
Cancer screening recommendations for Black women. Breast Cancer Res Treat. (2021)
187:295-7. doi: 10.1007/s10549-021-06207-6

37. Valsecchi MG, Steliarova-Foucher E. Cancer registration in developing countries:
luxury or necessity? Lancet Oncol. (2008) 9:159-67. doi: 10.1016/s1470-2045(08)70028-7

38. Howard SC, Metzger ML, Wilimas JA, Quintana Y, Pui CH, Robison LL, et al.
Childhood Cancer epidemiology in low-income countries. Cancer. (2008) 112:461-72.
doi: 10.1002/cncr.23205

39. Fitzmaurice C, Allen C, Barber RM, Barregard L, Bhutta ZA, Brenner H, et al.
Global, regional, and national cancer incidence, mortality, years of life lost, years lived
with disability, and disability-adjusted life-years for 32 cancer groups, 1990 to 2015: a
systematic analysis for the global burden of disease study. JAMA Oncol. (2017) 3:524-48.
doi: 10.1001/jamaoncol.2016.5688

frontiersin.org


https://doi.org/10.3389/fmed.2025.1638733
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/s0140-6736(23)01301-6
https://doi.org/10.1016/s1474-4422(21)00252-0
https://doi.org/10.1002/sim.3733
https://doi.org/10.1016/s0140-6736(19)30427-1
https://doi.org/10.1002/cam4.6025
https://doi.org/10.1016/s0140-6736(17)31544-1
https://doi.org/10.1016/s0140-6736(24)02246-3
https://doi.org/10.2196/43651
https://doi.org/10.3322/caac.21492
https://doi.org/10.1038/nrdp.2015.21
https://doi.org/10.1136/bjo.2008.150292
https://doi.org/10.1001/jamaoncol.2019.2996
https://doi.org/10.1016/s1474-4422(17)30299-5
https://doi.org/10.1016/s0140-6736(24)02811-3
https://doi.org/10.1111/jdv.20524
https://doi.org/10.1016/s1474-4422(18)30468-x
https://doi.org/10.1186/s13045-024-01640-8
https://doi.org/10.1186/s12885-025-13914-6
https://doi.org/10.1001/jamaoncol.2015.0735
https://doi.org/10.1007/s10549-021-06207-6
https://doi.org/10.1016/s1470-2045(08)70028-7
https://doi.org/10.1002/cncr.23205
https://doi.org/10.1001/jamaoncol.2016.5688

	Global trends and inequalities in eye cancer burden: a comprehensive analysis based on the global burden of disease study
	Introduction
	Materials and methods
	Data source and study design
	Burden estimation metrics and modeling framework
	Stratification dimensions
	Trend and inequality analysis

	Results
	National-level trends in ocular tumor burden (1990–2021)
	Sociodemographic inequality in ocular tumor burden (1990 vs. 2021)
	Age and SDI-specific changes in prevalence patterns (1990 vs. 2021)
	Sex-based inequality in 2021 across all metrics

	Discussion
	Conclusion

	References

