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P rimary brain and central nervous system cancer (col-
lectively referred to as CNS cancer) constitutes 2% of
all human cancers and is a heterogeneous disease that

consists of solid tumors originating in the brain, spinal cord,
cranial nerves, or meninges.1 The outcome of CNS cancers is
quite variable, depending on tumor location and histology. In
addition to high mortality, patients frequently experience
neurological sequelae that can impair daily functioning and
impose substantial stress on caregivers.2 Furthermore, the cost
of advanced diagnostic tools and treatment methods (eg, drugs
or adjuvant radiotherapy) potentially represents major eco-
nomic challenges,3 especially in the most aggressive tumors
and highest-grade malignancies.4,5

Previous analyses of the Global Burden of Disease Study
(GBD) reported that the global age-standardized incidence rate
of CNS cancer, per 100 000 population, increased from 3.75
in 1990 to 4.28 in 2021,6,7 with the US among the countries with
the highest incidence.8 In 2023, a US nationwide analysis es-
timated 24 810 incident cases and 18 990 deaths,9 and total
health care expenditures on CNS cancers increased by 2.5-
fold (from $2.72 billion to $6.85 billion) over a decade, signi-
fying significant upward trends in per capita expenditures.10

The contemporary public health and clinical medicine
landscape calls for an up-to-date comprehensive study of the
CNS cancer burden. Previous studies have highlighted the high
incidence and economic burden of CNS cancer in the US but

IMPORTANCE Primary brain and central nervous system cancer (collectively referred to as
CNS cancer) comprises 2% of all human cancers and poses significant health and economic
challenges in the United States.

OBJECTIVE To analyze CNS cancer burden in the US, stratified by time, location (state and
division), sex, age group, and Sociodemographic Index (SDI).

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study involved a repeated analysis
of Global Burden of Disease Study (GBD) 2021 data in 2024. Using data from 183 sources,
CNS cancer metrics in the US were estimated across states and years. US CNS cancer metrics
across all sexes and age groups were included in the GBD.

EXPOSURE CNS cancer diagnosis.

MAIN OUTCOMES AND MEASURES Overall and age-standardized estimates of the incidence,
prevalence, mortality, disability-adjusted life-years (DALYs), years of life lost, and years lived
with disability per 100 000 population, including 95% uncertainty intervals (UIs), and time
trends.

RESULTS In 2021, for all age groups and sexes across the US, there were 31 780 incident cases
(95% UI, 29971.1 to 32843.9). Age-standardized incidence, DALYs, and mortality rates per
100 000 population were 6.91 (95% UI, 6.58 to 7.12), 134.38 (95% UI, 129.83 to 137.95), and
4.1 (95% UI, 3.87 to 4.22), respectively. Despite no significant change observed in the overall
incidence between 1990 and 2021, DALY and mortality rates decreased by 15.77% (95% UI,
−17.75% to −13.68%) and 8.41% (95% UI, −11.09% to −6.22%), respectively. Substantial
geographic variability was noted. Mississippi, Alabama, Kentucky, and Kansas (West North
Central and East South Central divisions) and West Virginia faced persistently high burdens
over the past 30 years. Sex differences were evident; disease burden was consistently higher
in males compared with females. Age-specific estimates showed a bimodal distribution: the
youngest group (<5 years) showed a significant decrease in incidence rate (−34.42% to
−11.56%), whereas older age groups (>70 years) experienced increasing trends. DALYs and
mortality rates were negatively correlated with SDI (ρ = −0.6860 and ρ = −0.6391; P < .001).

CONCLUSIONS AND RELEVANCE These findings provide valuable insights into the CNS cancer
burden across the US by age, sex, location, and SDI, enabling better public health status
assessments, health care policy restructuring, and resource redistribution for improved care.
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lacked detailed analyses of temporal trends, regional varia-
tions, and disparities across sociodemographic groups. Such
disparities, well documented for other cancers in the US, are
likely pertinent for CNS cancer.11

This study aimed to provide updated epidemiological
estimates of CNS cancer in the US from 1990 to 2021, further
stratified by geographic location (state and division), age, sex,
and sociodemographic profile. Investigating these subgroup-
specific burdens is vital for identifying disproportionately af-
fected populations and guiding targeted resource allocation and
public health interventions to reduce health inequalities.

Methods
Overview of Study and Data
The GBD 2021 adhered to the Guidelines for Accurate and
Transparent Health Estimates Reporting (eAppendix 1
in Supplement 1).12 Because this study used publicly avail-
able, deidentified, and aggregated data from the GBD 2021,
informed consent and institutional review board approval
were not required. This article was produced as part of
the GBD Collaborator Network and adheres to the GBD
Protocol.13

This study used data from the repeated cross-sectional
GBD 2021, coordinated by the Institute for Health Metrics and
Evaluation (IHME), which integrates multiple data sources,
including vital registration, verbal autopsy, and cancer registry
data,todeveloptheGBDcauseofdeathdatabase,containingcan-
cer mortality data.14,15 Epidemiologic estimates, including inci-
dence, prevalence, deaths, years lived with disability (YLDs),
years of life lost (YLLs), and disability-adjusted life-years (DALYs),
were obtained for CNS cancers in all US states and the District
of Columbia.14,15 CNS cancer cases were identified using jthe
International Statistical Classification of Diseases and Related
Health Problems, Tenth Revision, with CNS cancer codes
C70-C72.9 and C75.1-C75.3 (eAppendix 2 in Supplement 1).14 US
CNS cancer metrics were estimated from 183 registries and health
records (eAppendix 3 in Supplement 1).

Statistical Analysis
The GBD estimation framework has been detailed previously.14,15

Briefly, mortality was derived using mortality to incidence ra-
tios modeled with spatiotemporal gaussian process regres-
sion. Mortality estimates were calculated by multiplying the
mortality to incidence ratios with cancer registry incidence data.
Cause-specific mortality across states, years, and age groups was
modeled using the cause of death ensemble model. YLLs were
calculated by applying age-specific GBD life expectancy to the
age-specific mortality estimates. YLDs were derived by com-
bining prevalence estimates with the corresponding disability
weights for various cancer survival stages. DALYs represents the
sum of YLLs and YLDs, stratified by age, sex, location, and year,
following methodologies described in the GBD capstone
articles.14,15 The results were presented as mean values with 95%
uncertainty intervals (UIs), which are used in the GBD study to
reflect multiple sources of uncertainty (eg, sampling, model-
ing, and data sources) beyond what is captured by a traditional

confidence interval. UIs were calculated from 500 draws from
a log-normal distribution that incorporates this combined un-
certainty. Significance was inferred if the UI excluded zero.

The Sociodemographic Index (SDI) is a composite met-
ric of lag-distributed income per capita, average years of
education for individuals aged 15 years and older (EDU15+),
and the total fertility rate of those younger than 25 years
(TFU25). The indicators were normalized (0-1), and their
geometric mean was used for the final SDI. State-specific
data extracted from the GBD 2021 demographics database
were matched to each state-year.16 The division-level
SDI was averaged from state-level values within each of the
9 geographic divisions defined by the US Census Bureau
(eg, New England, Pacific), which group states into regions
for analysis.17 As suitable data for lag-distributed income
and EDU15+ were unavailable, the 2021 per capita income
and high school graduation (or equivalency) rates for indi-
viduals 18 years and older were used as proxies.18,19 TFU25
data were sourced from the Centers for Disease Control and
Prevention.20,21

Spearman rank-order correlation quantified the overall
monotonic association between the SDI of US states and the
age-standardized incidence, mortality, and DALY rates,
while locally weighted scatterplot smoothing was used to
visualize potential nonlinear associations between SDI and
the age-standardized burden metrics at the division level.
Statistical significance was defined as 2-sided P < .05. Sec-
ondary analyses were performed using Python version
3.10.4 (Python Software Foundation) and R version 4.2.1 (R
Foundation).

Results
Overall Trends in the US
In 2021, there were estimated 31 780 incident cases (95% UI,
29 971.10 to 32 843.90) of CNS cancer in the US, correspond-
ing to an age-standardized incidence rate of 6.91 (95% UI, 6.58
to 7.12) per 100 000 population (Table). The DALY rate per
100 000 population in 2021 was 134.38 (95% UI, 129.83 to
137.95), primarily from YLLs (131.78; 95% UI, 127.25 to 134.95)
rather than YLDs (2.60; 95% UI, 1.92 to 3.40). Between 1990

Key Points
Question What were the trends of central nervous system (CNS)
cancer burden in the US from 1990 to 2021?

Findings In this cross-sectional study, analysis of the Global
Burden of Disease Study 2021 data on US CNS cancers revealed
that although the incidence rate remained relatively stable, both
disability-adjusted life-years and mortality rates declined.
However, substantial disparities persisted across geographical
location, age, sex, and sociodemographic profile.

Meaning The persistent disparity in CNS cancer burden highlights
the urgent need to reevaluate public health policies and
redistribute health care resources to better support marginalized
and underserved populations.
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and 2021, DALYs and mortality significantly decreased (15.77%;
95% UI, −17.75% to −13.68%; and 8.41%; 95% UI, −11.09% to
−6.22%, respectively), whereas the incidence rate did not
change significantly (−1.45%; 95% UI, −4.41% to 0.91%). The
changes in the DALY rate were primarily driven by YLLs
(−16.06%; 95% UI, −18.03% to −14.00%; YLDs, 2.03%; 95% UI,
−2.10% to 6.25%).

Geographic Variation in CNS Cancer Burden
Age-standardized incidence, DALYs, and mortality rates showed
notable geographic variations. In 2021, age-standardized inci-
dence rates per 100 000 population were generally higher in the
West North Central (Nebraska, Kansas) and East South Central
divisions (Kentucky, Mississippi) (Figure 1A), with the highest
in Kentucky (8.94; 95% UI, 7.69 to 10.30). In contrast, coastal
states generally had lower rates, with the lowest in Washington,
DC (4.36 per 100 000 population; 95% UI, 3.76 to 5.02), fol-
lowed by Hawai‘i, New York, and Maryland. From 1990 to 2021,
the change in incidence rates ranged from 24.47% (95% UI, 6.71%
to 44.56%) in West Virginia to −23.70% (95% UI, −36.04% to
−10.90%) in Washington, DC. However, no significant changes
were observed in 48 of 50 states and Washington, DC.

In 2021, age-standardized DALYs resembled the incidence
pattern, with higher rates in the East South Central division
(Mississippi, Alabama) and lower rates in the coastal states
(Figure 1B). Mississippi had the highest rate, at 190.99 per
100 000 population (95% UI, 166.57 to 218.22). Hawai‘i
recorded the lowest rate at 88.92 per 100 000 population (95%
UI, 76.15 to 103.05), followed by New York, New Jersey, and
California. Between 1990 and 2021, DALY rates significantly
decreased in 24 states, and West Virginia was the only state that
exhibited a significant increase of 16.12% (95% UI, 0.32%
to 34.27%).

The age-standardized mortality rates per 100 000 popu-
lation in 2021 mirrored the geographic trends in incidence and
DALYs (Figure 1C) and ranged from 5.59 (Mississippi: 95% UI,
4.83 to 6.43) to 2.65 (Hawai‘i: 95% UI, 2.25 to 3.06). Although
most states showed a decreasing trend in deaths from 1990
to 2021, only 5 states/district (California; Washington, DC;
Maryland; New York; Rhode Island) showed statistically sig-
nificant decreases. West Virginia was the only state with a sig-
nificant increase in the age-standardized mortality rate (19.21%;
95% UI, 2.23% to 38.80%).

Sex-Specific CNS Cancer Burden
In 2021, males had higher CNS cancer incidence rates com-
pared with females. Males accounted for 17 459.65 cases
(95% UI, 16 653.75-18 044.82), with an age-standardized
incidence rate of 7.96 per 100 000 population (95% UI, 7.64-
8.22), whereas females had 14 320.35 cases (95% UI,
13 269.49-14 929.73), with a rate of 5.97 per 100 000 popula-
tion (95% UI, 5.66-6.21) (Figure 2). Between 1990 and 2021,
the incidence count increased significantly for both sexes,
albeit without significant changes in the age-standardized
incidence rates.

The DALYs and mortality count and rate were signifi-
cantly higher in males compared with females in 2021Ta
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(Figure 2). For both sexes, the counts increased, but the age-
standardized rates decreased between 1990 and 2021. The per-
centage changes in these measures were comparable be-
tween males and females.

Age- and Sex-Group–Specific CNS Cancer Burden
The incidence rate for CNS cancer generally increased with age,
with a minor peak in the 5- to 9-year and 10- to 14-year age
groups (Figure 3). No sex-based differences were noted in child-
hood; however, the incidence rates began to diverge after age
30 years, with males having significantly higher rates than fe-
males in all age groups from 30 to 89 years. The rates con-
verged after age 90 years, with no significant differences ob-
served in the age group 95 years and older.

A bimodal peak pattern was observed in age-specific DALY
rates, with peaks in the 5- to 9-year and 70- to 74-year age group
(Figure 3). The difference between male and female rates was

insignificant up to the 10- to 14-year age group, after which sex
differenceswidenedwithage.ThehighestDALYrateper100 000
population was observed in males aged 70 to 74 years (516.96;
95% UI, 491.24-539.07), which significantly exceeded the cor-
responding rate in females (342.10; 95% UI, 310.44-361.34). Fol-
lowing this secondary peak, the rates for both sexes and the dif-
ference between them decreased with age.

The age-specific mortality trend mirrored that of inci-
dence, with rates increasing with age. A slight increase was
noted in the 5- to 9-year and 10- to 14-year age groups. Male
mortality rates were significantly higher than female mortal-
ity rates from age 30 years to 95 years and older, after which
the difference narrowed. (Figure 3).

The distribution of measures across the age groups changed
overtime.From1990to2021,DALYandmortalityratesdecreased
significantly across all age groups under 70 to 74 years. In older
age groups, the rates were initially lower in 1990 and 1995 but in-

Figure 1. Central Nervous System Cancer Burden Across US States, 2021

Incidence per 100 000 populationA

DALY rate per 100 000 populationB

Age-standardized incidence
4 5 6 7 8 9

Age-standardized DALY rate
75 100 125 150 175 200

Mortality per 100 000 populationC

Age-standardized mortality rate
2 3 4 5 6

Age-standardized rates for incidence (A), disability-adjusted life-years (DALYs) (B), and mortality (C) per 100 000 population of central nervous system cancer in the
US, 2021.
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creased over time, reflecting an evolving demographic impact on
the disease burden.

CNS Cancer Patterns With SDI
Epidemiological measures for 2021 were plotted against the
SDI of the US and individual states to analyze the correlation.
The incidence rates (ρ = −0.2683) approached significance
(P = .05) (Figure 4A). Both DALY (ρ = −0.6860; P < .001) and

mortality (ρ = −0.6391; P < .001) rates showed a significant
negative correlation with SDI. The pattern for DALYs can be at-
tributed to YLLs (ρ = −0.6929; P < .001) as opposed to YLDs
(ρ = −0.0412; P = .77). States in the South Atlantic division, in-
cluding Florida and Georgia, tended to have lower incidence,
DALY, and mortality rates. Comparatively, states in the West
North Central division, such as Nebraska and Kansas, had
higher rates than states with similar SDI values.

Figure 2. Sex-Stratified Trends of Central Nervous System Cancer Burden in the US
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Among SDI components, high school graduate or higher
education status for individuals 18 years and older was
negatively correlated with DALYs and death but positively
correlated with prevalence. The TFU25 rate was positively
correlated with all 3 measures, whereas income per capita was
negatively correlated with all 3 measures. The East South
Central division, including Mississippi, Alabama, and Tennes-

see, had higher rates than expected based on the general trend
for academic achievement and income per capita.

Regional variations were observed when plotting by US di-
vision and SDI. Prevalence was higher in divisions with a higher
SDI (Figure 4B); the South Atlantic division had lower preva-
lence rates than the general trend. Age-standardized DALY rates
generally decreased as the SDI increased. The East South

Figure 3. Age- and Sex-Stratified Trends of Central Nervous System Cancer Burden in the US
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Central and West North Central divisions displayed higher DALY
rates than expected for the corresponding SDI. The mortality
rate showed a similar relationship with the SDI.

The CNS cancer estimates (incidence, DALYs, death, preva-
lence, YLDs, and YLLs) for the years 1990 to 2021 and corre-
sponding figures are available in eAppendixes 4 and 5 in
Supplement 1, as well as online through the GBD Results Tool.

Discussion
In the GBD 2021, CNS cancers were newly defined to include
malignant neoplasms of other endocrine glands and the asso-
ciated structures. This study presents the first detailed analy-
sis of epidemiologic trends in and disease burden of CNS can-
cer by state in the US under this revised definition. These
findings could clarify public health challenges, guiding medi-
cal resource reallocation and health care policy for CNS can-
cer at the state level in the US.

The observations from this study regarding the geo-
graphic variations in the CNS cancer burden aligned with reg-
istry-based studies reporting on data from 2010 to 2014, with
incidence and mortality rates per 100 000 population rang-
ing from 4.86 to 8.0 and 2.93 to 5.64, respectively.21 Several
studies suggest that biological factors, environmental carcino-
gens (such as ionizing radiation), and socioeconomic factors
are associated with CNS cancer development.22,23 Genetic pre-
disposition has been associated with many CNS tumors, in-
cluding established genetic tumor syndromes and noncod-
ing variants. Racial and ethnic disparities potentially exist, as
the incidence rate of glioblastoma was twice as high in White
people as it was in Black people and was much higher in His-
panic individuals from 2016 to 2020.24 These disparities may
partially reflect sociodemographic differences and inequities
in access to health care, which contribute to the detection of
CNS cancer.25,26 Moreover, the accessibility of medical infra-
structure further impacts diagnostic rates. The observed geo-
graphic diversity underscores the need for targeted public
health policies that account for social, biological, and envi-
ronmental factors.

To understand sex-specific differences, we found that
males had a higher CNS cancer burden and incidence in
all age groups from 30 to 34 years up to 85 to 89 years. This
contrasts with US registry data showing a higher incidence
rate in females,27 a discrepancy likely due to methodologi-
cal differences such as age-standardization methods and
data modeling, which may yield sex-specific variations in
case attribution. Part of this discrepancy may also stem
from how CNS cancers are defined across datasets (eAppen-
dix 6 in Supplement 1). Although less common than nonma-
lignant types,1 malignant neoplasms are more lethal and
have a higher incidence in males than females (8.06 vs 5.84
per 100 000, respectively) based on US data from 2017 to
2021.27 For instance, glioblastoma, which accounts for
51.5% of malignant CNS brain tumors, had a 1.6-fold higher
incidence in males.27 However, females have a higher sur-
vival rate for glioblastoma.27,28 CNS cancers demonstrate
measurable sex disparities in disease progression and thera-

peutic response, often attributed to differences in the tim-
ing of mutations, metabolic requirements, and immune
landscape.29,30 Therefore, sex differences in CNS cancers
should be noted in future studies.31 Sex-specific health poli-
cies, such as health checkups that include brain imaging or
tumor marker screening, may be warranted in at-risk groups
to aid early identification.

This study revealed differing temporal trends across age
groups. CNS cancer is the most common tumor in children in
the US.24,32 However, we observed a significant decrease in in-
cidence rate among children younger than 5 years between
1990 and 2021 (−23.76%; 95% UI, −34.42% to −11.56%). Im-
proved prenatal care and maternal health may be 1 of the ma-
jor contributors to this decline.33 In international studies, pe-
diatric CNS cancers were associated with prenatal alcohol use,
advanced maternal age, and low body mass index.34,35 In the
US, 88.1% of women received “at least adequate” prenatal care,
as defined by the Adequacy of Prenatal Care Utilization In-
dex, with a 0.8% increase in first trimester prenatal care from
1980 to 2016.36 However, the US has yet to establish tailored
policies for populations with lower educational attainment or
higher-order births, both of which are critical for sustaining
the reduction of pediatric CNS cancer burden.36,37

In contrast to the younger groups, our study found that the
older groups (>70 years) experienced increasing incidence,
DALYs, and mortality rates.38 Over the past 6 decades, US life
expectancy has increased by 9 years (from 69.9 to 78.9 years).39

As the population has aged, the overall incidence of CNS can-
cer has risen, and the majority of CNS cancer has shifted to glio-
blastoma, meningioma, and pituitary tumors.24,32 Another
plausible explanation is the higher rate of medical utilization
in older groups.40 The frequent use of neuroimaging, such as
computed tomography scans for conditions like stroke or head
trauma, likely increases the incidental detection of asymp-
tomatic CNS tumors. This, combined with increased medical
access for those older than 70 years, contributes to higher re-
ported incidence rates and more accurate documentation of
CNS cancer-related deaths.

This study also found a significant negative association be-
tween SDI and DALYs and mortality rates. Furthermore, sub-
group analysis revealed that high education levels and income
per capita were negatively correlated with DALYs and mortality
rates, whereas higher education levels were positively corre-
lated with prevalence. Population-based studies from the US and
Europehavereportedhighersurvival inpatientswithhigheredu-
cation levels and higher incidence rates of CNS cancer among
those with higher socioeconomic status.41-43 The significant fi-
nancial and logistical demands of CNS cancer treatment likely
drive these disparities, as care requires a multidisciplinary ap-
proach with advanced and expensive technology.44 These char-
acteristics therefore highlight the need for national- or state-
level support, such as community-based cancer care programs
with financial support.

Between 2016 and 2020, the incidence, DALYs, and mor-
tality rates of CNS cancer have steadily declined. However, this
trend shifted between 2020 and 2021, with incidence and
DALYs decreasing by only 0.289% and 0.717%, respectively.
Studies have shown that COVID-19 disrupted all standard-
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ized processes from diagnosis to treatment: tumor volumes in-
creased at initial diagnosis and survival decreased, especially
in malignant CNS cancers.45,46 In contrast, the monthly inci-
dence declined, especially for nonmalignant CNS cancers.47

Only 2 years of the COVID-19 pandemic period were evalu-
ated in this study; the significance and permanence of these
effects requires further studies, considering potential changes
in health care utilization and resource availability.

Limitations
This study has several limitations. GBD data exhibit quality
variations across states and divisions, which may introduce in-
formation bias, such as measurement error in reported cases
or outcomes.9 This study relies on the epidemiological esti-
mates from the GBD 2021, derived from a model using gath-
ered data and published findings. The radiological diagnostic
challenges in CNS cancer and the GBD classification by ana-
tomical site prevent histology-specific disaggregation by tu-
mor subtype, grade, or stage. Thus, our findings represent a
population-level average across this heterogeneous disease.
The heterogeneity of CNS cancers limits identifying precise risk

factors and allows only broad associations with covariates. Ad-
ditionally, the absence of subtype-specific data restricts con-
clusions regarding targeted treatment and prevention strate-
gies for malignancies like glioblastoma or nonmalignant tumors
such as meningioma. Moreover, GBD data lack granular de-
mographics like race and ethnicity, precluding investigation
into how these factors correlate with geographic or SDI-
related disparities. Future research should prioritize improv-
ing data collection frameworks to reduce biases and enhance
regional comparability.

Conclusions
To our knowledge, this is the first comprehensive analysis to
focus on newly defined CNS cancers across the US and pro-
vide age-, sex-, geographic-, and SDI-stratified estimates and
30-year trends, lending valuable insight into disease trends and
risk factors. These findings may help assess the public health
landscape and inform health policy and resources realloca-
tion for CNS cancer in the US.
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