
Neuro-Oncology Advances
5(S1), i5–i12, 2023 | https://doi.org/10.1093/noajnl/vdad020 

i5

© The Author(s) 2023. Published by Oxford University Press, the Society for Neuro-Oncology and the European Association of Neuro-Oncology.

The joint impacts of sex and race/ethnicity on 
incidence of grade 1 versus grades 2–3 meningioma 
across the lifespan  

Kyle M. Walsh†, , Mackenzie Price†, Corey Neff, Jordan M. Komisarow, Courtney E. Wimberly, 
Carol Kruchko , Jill S. Barnholtz-Sloan, and Quinn T. Ostrom

Department of Neurosurgery, Duke University School of Medicine, Durham, North Carolina, USA (K.M.W., M.P.,C.N., 
J.M.K., C.E.W., Q.T.O.); The Preston Robert Tisch Brain Tumor Center, Duke University School of Medicine, Durham, 
North Carolina, USA (K.M.W., Q.T.O.); Duke University Medical Center, Duke Cancer Institute, Durham, North 
Carolina, USA (K.M.W., Q.T.O.); Central Brain Tumor Registry of the United States, Hinsdale, Illinois, USA (M.P., C.N., 
C.K., J.S.B., Q.T.O.); Center for Biomedical Informatics & Information Technology (CBIIT) and Division of Cancer 
Epidemiology and Genetics (DCEG), National Cancer Institute (NCI), Bethesda, Maryland, USA (J.S.B.)

Corresponding Author: Quinn T. Ostrom, PhD, DUMC Box 3050, Durham, NC 27710, USA (Quinn.Ostrom@duke.edu). 

†Denotes equal contribution.

Background.  Previous research has identified older age, African-American race, and female sex as meningioma 
risk factors, but there is limited information on their joint effects, or on how these demographic factors vary across 
strata of tumor grade.
Methods.  The Central Brain Tumor Registry of the United States (CBTRUS) is a population-based registry com-
bining data from the CDC’s National Program of Cancer Registries and NCI’s Surveillance, Epidemiology and End 
Results Program which covers ~100% of the U.S. population and aggregates incidence data on all primary malig-
nant and nonmalignant brain tumors. These data were used to explore the joint impacts of sex and race/ethnicity 
on average annual age-adjusted incidence rates of meningioma. We calculated meningioma incidence rate ratios 
(IRRs) by sex and race/ethnicity, across strata of age and tumor grade.
Results.  Compared to individuals who are non-Hispanic White, individuals who are non-Hispanic Black had sig-
nificantly higher risk of grade 1 (IRR = 1.23; 95% CI: 1.21–1.24) and grade 2–3 meningioma (IRR = 1.42; 95% CI: 1.37–
1.47). The female-to-male IRR peaked in the fifth decade of life across all racial/ethnic groups and tumor grades, 
but was 3.59 (95% CI: 3.51–3.67) for WHO grade 1 meningioma and 1.74 (95% CI: 1.63–1.87) for WHO grade 2–3 
meningioma.
Conclusions.  This study reveals the joint effects of sex and race/ethnicity on meningioma incidence throughout 
the lifespan and across strata of tumor grade, highlighting incidence disparities among females and African-
Americans that may inform future strategies for tumor interception.

Key Points

• Compared to non-Hispanic Whites, non-Hispanic Blacks are at 42% greater risk of grade 
2–3 meningioma.

• In the fifth decade of life, female meningioma incidence is 3.4-fold higher than in males.

• The female-to-male incidence rate ratio for meningioma differs by race/ethnicity.

• Female sex is associated with a higher risk of grade 1 meningioma.

• Female sex is associated with a higher risk of grade 2–3 meningioma.
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Meningioma is the most common primary central nervous 
system (CNS) tumor in adults and accounts for >40% of 
all primary brain tumors diagnosed annually in the United 
States (U.S.). In comparison, glioma – including glioblas-
toma – accounts for <20%.1 The last decade has seen a rise 
in meningioma incidence that can partially be explained by 
increased diagnosis due to elevated utilization of brain im-
aging technology.2 Approximately 1% of the U.S. popula-
tion will develop a meningioma in their lifetime,1,3 of which 
~5.4% are classified as WHO grade 2 (eg, atypical) or WHO 
grade 3 (ie, anaplastic) and the remainder classified as WHO 
grade 1.4 Of note, the proportion of meningioma that is clas-
sified as grade 2–3 is substantially higher in tissue-based 
studies that include histopathologic review,5,6 as many grade 
1 meningiomas are diagnosed radiographically and moni-
tored by imaging, but never undergo surgical resection.

Higher-grade meningioma (WHO grades 2–3) is an aggres-
sive tumor with 5-year survival rates as low as 37%.4 Due to 
its sensitive intracranial location, even WHO grade 1 menin-
gioma can be a devastating diagnosis due to the morbidity 
associated with neurosurgical resection. A recent study 
investigating the long-term neurocognitive, psychological, 
and return-to-work outcomes of meningioma patients found 
that 68% exhibited global neurocognitive impairment at 18 
months posttreatment, and 48% were unable to return to 
work.7 These data underscore the long-term impact of this 
disease and the substantial associated public health burden.

Meningioma epidemiology research has identified sev-
eral strong demographic risk factors, including: older age, 
African-American race, and female sex.4,8 The Central 
Brain Tumor Registry of the United States (CBTRUS), a 
population-based registry covering ~100% of the US pop-
ulation and capturing >99% all newly diagnosed primary 
CNS tumors,1 reports an approximately 20% increased in-
cidence of meningioma in African-American relative to 
non-Hispanic White individuals and an even higher risk of 
WHO grade 3 tumors in this population.1 Relative to bio-
logic males, females have an approximately 2.3-fold greater 
risk of developing a meningioma during their lifetime,1 but 
sex differences in meningioma risk are likely to vary by age. 
Indeed, a recent registry-based analysis of a California birth 
cohort observed a 1.6-fold increase in meningioma risk at 
ages 20–39 among females, but similar risk to males prior to 
age 20.9 How sex differences in meningioma incidence vary 
by age in the U.S. population, or across strata of race/eth-
nicity and tumor grade, has not been thoroughly evaluated.

Meningioma epidemiology research seldom presents 
risk estimates by tumor grade, largely owing to a pau-
city of higher-grade cases for analysis. Among studies 
reporting grade-stratified analyses, such as the CBTRUS 
annual report, risk estimates are often split into strata of 
nonmalignant tumors (WHO grades 1–2) and malignant tu-
mors (WHO grade 3). Emerging evidence from epigenomic 

and transcriptomic tumor profiling reveals substantial lim-
itations in predicting meningioma clinical behavior using 
traditional histopathologic classification approaches.6,10 
These molecularly-informed tumor classification tech-
niques further indicate that grade 2 and 3 tumors often 
share a similar spectrum of somatic alterations that are 
generally absent in grade 1 meningioma.

To address these limitations and provide a more compre-
hensive understanding of meningioma epidemiology, we 
use CBTRUS data to evaluate population-level variation in in-
cidence of WHO grade 1 meningioma and higher-grade me-
ningioma (WHO grades 2–3). We examine the joint impacts 
of age, sex, and race/ethnicity on meningioma incidence 
and compare results across these clinically and molecularly 
meaningful strata of tumor grade. This work helps inform the 
underlying mechanisms of meningioma pathogenesis, high-
lights significant racial disparities, and nominates potential 
paths toward tumor interception in high-risk populations.

Methods

Data Source

Study data are from CBTRUS, which aggregates primary 
brain tumor incidence data from 52 central cancer registries 
(45 National Program of Cancer Registries [NPCRs], and 5 
Surveillance Epidemiology and End Results [SEERs]).11 
Collected data capture >99% of the U.S. population.12 While 
U.S. cancer registries must collect data on all cancers diag-
nosed in the U.S., all nonmalignant primary tumors of the 
CNS must also undergo registration in accordance with 
the Benign Brain Tumor Cancer Registries Amendment 
Act (Public Law 107-260). Meningioma incidence data in-
cluded in the study cover the period from 2004 (when re-
porting of nonmalignant CNS tumors became mandatory) 
until 2019 (the most recent year that CBTRUS received 
data from NPCR and SEER) and cover all 50 U.S. states and 
Washington D.C. (excluding data from Nevada for diagnosis 
years 2018–2019). Data from Puerto Rico were not included.

Histopathology and behavior codes from International 
Classification of Diseases for Oncology, 3rd Edition (ICD-
O-3) were used to identify meningioma diagnoses and as-
sign WHO tumor grade as follows: grade 1 (9530-9534/0, 
9537/0), grade 2 (9530-34/1, 9537-9539/1), and grade 3 
(9530-35/3, 9537-39/3). Tumors with ICD-O-3 site codes 
C70.0 (cerebral meninges) or C70.9 (meninges not other-
wise specified) are included in analyses; those with site 
code C70.1 (spinal meninges) were excluded. Because 
~95% of all meningioma are located intracranially, tu-
mors with site code C70.9 (meninges not otherwise spe-
cified) are overwhelmingly intracranial in location and 
retained in analyses, consistent with previous reports.4 

Importance of the Study

Sex-differences in meningioma incidence are investi-
gated in a population-based study capturing more than 
450 000 diagnoses, revealing significant variability in 

female-associated risk across decades of life, across 
racial/ethnic groups, and across strata of meningioma 
tumor grade.
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The WHO grading criteria for meningioma saw revisions in 
2004, 2016, and 2021. Revisions from 2021 will not impact 
our dataset, which includes only diagnoses prior to 2020. 
Revisions from 2004 may affect our dataset if the incorpo-
ration of these new criteria into clinical practice had slow 
uptake, as would the 2016 revisions (when brain invasion 
was added as a criterion that qualified a grade 2 designa-
tion). Age, sex, and race/ethnicity data were obtained from 
the CBTRUS database.

Statistical Analysis

Population data from the United States Census Bureau 
were obtained from the National Cancer Institute SEER 
program (http://seer.cancer.gov) and used to calculate inci-
dence rates that are age-adjusted to the 2000 US standard 
population. Average annual age-adjusted incidence rates 
(AAAIR) with 95% confidence intervals (95% CIs) were gen-
erated using SEER*Stat, by tumor grade (grade 1, grades 
2–3), combined race/ethnicity (non-Hispanic White, non-
Hispanic Black, and Hispanic [all races]), sex, and 10-year 
age groups. Incidence rate ratios (IRRs) and 95% confi-
dence intervals (95% CI) were generated using AAAIR, as 
previously described.13,14 IRRs were considered statistically 
significant when P < .05. Figures were created in R 4.1.3. 
To address issues relating to changes in WHO grading cri-
teria, we performed sensitivity analyses comparing overall 
results (2004–2019) to results for diagnoses from 2007 to 
2016.

Results

More than 450 000 new intracranial meningioma diag-
noses were reported from 2004 to 2019 and aggregated 
within CBTRUS. The AAAIR for grade 1 tumors was highest 
among individuals who are non-Hispanic Black (9.31 cases 
per 100 000; 95% CI: 9.23–9.39), followed by individuals 
who are Hispanic (7.76 cases per 100 000; 95% CI: 7.68–7.84), 
and individuals who are non-Hispanic White (7.60 cases 
per 100 000; 95% CI: 7.57–7.62) (Supplementary Table 1). 
This corresponds to a 1.23-fold higher rate of WHO grade 
1 meningioma among non-Hispanic Black individuals 
(95% CI: 1.21–1.24) and a 1.02-fold higher rate among indi-
viduals who are Hispanic, relative to individuals who are 
non-Hispanic White (Figure 1). The increased meningioma 
incidence among non-Hispanic Black individuals was even 
more pronounced in analysis of higher-grade meningioma. 
Specifically, individuals who are non-Hispanic Black had 
a 1.42-fold higher rate of grade 2–3 meningioma com-
pared to individuals who are non-Hispanic White (95% CI: 
1.37–1.47). Interestingly, individuals who are Hispanic had 
a reduced incidence of higher-grade meningioma than in-
dividuals who are non-Hispanic White (IRR = 0.92; 85% CI: 
0.88–0.96) (Figure 1, Supplementary Table 1).

Among all intracranial meningioma diagnoses registered 
between 2004 and 2019, 73.3% were diagnosed in females. We 
evaluated the female-to-male meningioma IRR in all subjects, 
split across 10-year intervals of age at diagnosis (Table 1). From 
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Figure 1. Average annual age-adjusted incidence rate and 95% confidence interval (CI) for meningioma by race/ethnicity and stratified by 
grade. Incidence rate ratios (IRR) and their 95% CI appear above bars and are calculated relative to non-Hispanic White individuals as the refer-
ence. Rates are age-adjusted to the 2000 US standard population (CBTRUS: Data provided by CDC’s National Program of Cancer Registries and 
NCI’s Surveillance, Epidemiology and End Results Program, 2004-2019).

http://seer.cancer.gov
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
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age 0 to 9 years, females were at nonsignificantly elevated 
risk of meningioma (IRR = 1.09; 95% CI: 0.89–1.34). Female-
associated meningioma incidence increased in the second 
decade of life (age 10–19 years), with incidence rates signif-
icantly higher in females than in males (IRR = 1.18; 95% CI: 
1.06–1.31). The female-to-male IRR continued to increase with 
age, reaching a zenith of 3.38 (95% CI: 3.31–3.45) among those 
age 40–49 years. The female-to-male IRR decreased monoton-
ically across subsequent decades of life, reaching 1.62 (95% CI: 
1.60–1.65) among those age 80+ years, but never returning to 
the prepubertal nadir observed in children (Figure 2).

Because we observed significant meningioma incidence 
disparities in non-Hispanic Black individuals and a complex 
interplay between sex and age on meningioma risk, we next 
evaluated the female-to-male meningioma IRRs in 10-year 
age intervals across strata of race/ethnicity (Supplementary 
Table 2). The pattern previously observed across all racial/
ethnic groups was largely recapitulated in the non-Hispanic 
White, non-Hispanic Black, and Hispanic subgroups (Figure 
3). Meningioma incidence was higher among females than 
males across all age groups, with the exception of non-
Hispanic Black children under 10 years of age. The lower fe-
male incidence observed in non-Hispanic Black children 
was nonsignificant (IRR = 0.65; 95% CI: 0.35–1.20) and based 
on small numbers within this subgroup (19 females and 30 
males). The female-to-male IRR peaked in the 40 to 49-year age 
group among individuals who are non-Hispanic White (IRR = 
3.45; 95% CI: 3.36–3.54), non-Hispanic Black (IRR = 2.96; 95% 
CI: 2.81–3.13), and Hispanic (IRR = 3.59; 95% CI: 3.39–3.81).

Despite strong consistencies in age-stratified female-to-
male IRRs across racial/ethnic groups, several key differ-
ences were observed. From 30 years of age onward, a range 
encompassing >98% of all diagnosed meningioma cases in 
our dataset, the female-to-male IRR was highest in individ-
uals who are Hispanic. Furthermore, from age 50 to 79 years, 
a range encompassing 63% of all diagnosed meningioma in 
our dataset, 95% confidence intervals for the female-to-male 
IRR among individuals who are Hispanic did not overlap the 
95% confidence intervals among individuals who are non-
Hispanic White or non-Hispanic Black. Conversely, the female-
to-male IRRs in individuals who are non-Hispanic Black tended 
to be lower than that in individuals who are Hispanic or non-
Hispanic White, plateauing earlier and never exceeding a 3.0-
fold increase in risk (Figure 3, Supplementary Table 2).

Finally, we evaluated the female-to-male meningioma IRRs 
in 10-year age intervals across strata of tumor grade, where 
we observed stark differences between WHO grade 1 and 
higher-grade meningioma. The female-to-male IRR peaked in 
the 40 to 49-year age group, irrespective of tumor grade, but 
peaked at 3.59 (95% CI: 3.51–3.67) for grade 1 meningioma 
and at 1.74 (95% CI: 1.63–1.87) for higher-grade meningioma 
(Figure 4, Supplementary Table 3). Compared to males, fe-
males did not experience statistically significantly increased 
incidence of higher-grade meningioma until the fourth decade 
of life. Within the 70 to 79-year age bracket, female incidence 
of higher-grade meningioma was no different than among 
males (IRR = 1.00; 95% CI: 0.95–1.06). Interestingly, female sex 
was also associated with an approximately 10% reduction in 

Table 1. Total Cases, Average Annual age-adjusted Incidence Ratea (AAAIR), Incidence Rate Ratioa (IRR), and 95% Confidence Interval (CI) for 
Meningioma by Sex and Stratified by 10-year Age Intervals (CBTRUS: Data provided by CDC’s National Program of Cancer Registries and NCI’s 
Surveillance, Epidemiology and End Results Program, 2004-2019)

Age Group Sex Total Cases (2004–2019) AAAIR (95% CI) IRR (95% CI) IRR
P-value 

0–9 Male 187 0.06 (0.05–0.07) Ref .4168

Female 196 0.06 (0.05–0.07) 1.09 (0.89–1.34)

10–19 Male 662 0.19 (0.18–0.21) Ref .0020

Female 746 0.22 (0.21–0.24) 1.18 (1.06–1.31)

20–29 Male 2112 0.60 (0.57–0.62) Ref <.0001

Female 3864 1.13 (1.09–1.17) 1.89 (1.79–1.99)

30–39 Male 5262 1.62 (1.57–1.66) Ref <.0001

Female 15 748 4.87 (4.79–4.95) 3.01 (2.92–3.11)

40–49 Male 11 253 3.29 (3.22–3.35) Ref <.0001

Female 38 766 11.10 (10.99–11.22) 3.38 (3.31–3.45)

50–59 Male 20 459 6.21 (6.13–6.30) Ref <.0001

Female 62 663 18.20 (18.06–18.35) 2.93 (2.88–2.98)

60–69 Male 28 438 12.29 (12.14–12.43) Ref <.0001

Female 73 835 28.76 (28.55–28.97) 2.34 (2.31–2.37)

70–79 Male 28 931 22.25 (21.99–22.50) Ref <.0001

Female 69 817 43.47 (43.15–43.80) 1.95 (1.93–1.98)

80+ Male 23 328 34.44 (34.00–34.89) Ref <.0001

Female 65 156 55.94 (55.50–56.37) 1.62 (1.60–1.65)

Abbreviations: CBTRUS, Central Brain Tumor Registry of the United States.
aRates are per 100 000 and are age-adjusted to the 2000 US standard population.

 

http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdad020#supplementary-data
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higher-grade meningioma incidence in the oldest (80+ years) 
group (IRR = 0.91; 95% CI: 0.85–0.98).

Sensitivity analyses comparing results for diagnoses 
from 2004 to 2019 to results for diagnoses from 2007 to 
2016 did not suggest any biases due to changes in WHO 
grading criteria. Similarly, restricting analyses to only 
those patients receiving a tissue-based diagnosis and 
tumor grade also had minimal effects on study results.

Discussion

This study leverages 16 years of population-based menin-
gioma tumor registration data from CBTRUS, covering ap-
proximately 100% of the U.S. population. Analysis of more 
than 450 000 meningioma diagnoses helped clarify how 
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Figure 2. Female-to-male incidence rate ratios and 95% confidence intervals (CI) for meningioma, stratified by age group at diagnosis (CBTRUS: 
Data provided by CDC’s National Program of Cancer Registries and NCI’s Surveillance, Epidemiology and End Results Program, 2004-2019).
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sex and race/ethnicity jointly influence meningioma inci-
dence, across the lifespan. We reveal significant racial dis-
parities in risk of meningioma – particularly higher-grade 
meningioma – among non-Hispanic Black individuals res-
iding in the U.S. Furthermore, our analyses demonstrated 
that the well-documented increased incidence of menin-
gioma among females is present throughout adulthood, 
but this increase in incidence is most pronounced in the 
fourth, fifth, and sixth decades of life. Importantly, we also 
show that female sex is associated with elevated risk of 
meningioma across tumor grades, but that its contribu-
tion to risk of grade 1 meningioma is substantially stronger 
than its contribution to risk of higher-grade meningioma.

Our results regarding the elevated meningioma inci-
dence in females and a peak female-to-male IRR observed 
in midlife are largely in-line with prior research.15 However, 
a particular strength of our analysis is its population-based 
collection and comprehensive coverage of U.S. racial and 
ethnic minority populations, which has allowed us to look 
at the joint effects of age, sex, and race/ethnicity on me-
ningioma incidence. Importantly, due to the large number 
of cases available for analysis, we are able to make more 
strongly-supported inferences about demographic dif-
ferences in the incidence of higher-grade meningioma, a 
clinically challenging disease that represents ~6% of intra-
cranial cases and is often too uncommon to be adequately 
studied in smaller datasets.

Observed differences in the female-to-male IRR across 
strata of age at diagnosis support the hypothesized hor-
monal etiology of WHO grade 1 meningioma. Differences 
in age-stratified sex-ratios across racial/ethnic groups are 

intriguing and could implicate important differences in hor-
monal regulation, such as variation in age at menarche or 
age at menopause, in meningioma development, or tumor 
latency. Immunohistochemical analysis of meningioma 
tumor specimens has found up to 80% of tumors are pro-
gesterone receptor positive (PR+) and 40% are estrogen 
receptor positive (ER+).16–18 A recent genomic analysis of 
meningioma patient germline data showed that the lead 
meningioma risk allele from a prior genome-wide associa-
tion study (GWAS) also conferred risk of ovarian and ER+ 
breast cancer, but that this same allele was associated with 
a reduced risk of ER− breast cancer.15 Transcriptional ana-
lyses further revealed that this heritable genetic variant was 
associated with upregulation of estrogen receptor 1 (ESR1) 
gene expression in both normal meninges and meningioma 
tumors,15 underscoring the potential importance of intracra-
nial estrogenic signaling in meningioma development.

Despite conferring greater risk of WHO grade 1 menin-
gioma than of higher-grade meningioma, female sex was 
demonstrated to be a strong and consistent risk factor for 
WHO grade 2–3 tumors and was associated with a 1.74-
fold increased incidence among those age 40–49 years. 
Interestingly, the effect of female sex on higher-grade me-
ningioma incidence waned over time, disappearing by the 
eighth decade of life and, ultimately, becoming protec-
tive among individuals age 80+ years. Whether this pro-
tective effect in octogenarians is biologically meaningful 
or is influenced by a more pronounced healthy survivor 
bias among elderly men remains to be seen, but could 
benefit from a more sophisticated analytic framework 
incorporating competing risks into the model.
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Figure 4. Female-to-male incidence rate ratios and 95% confidence intervals (CI) for meningioma, by age group at diagnosis and stratified 
by WHO tumor grade (CBTRUS: Data provided by CDC’s National Program of Cancer Registries and NCI’s Surveillance, Epidemiology and End 
Results Program, 2004-2019).
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The 20% higher incidence of WHO grade 1 meningioma 
and 40% higher incidence of WHO grade 2–3 meningioma 
in individuals who are non-Hispanic Black compared to 
non-Hispanic White merits further attention, particularly 
because similar disparities were not observed in U.S. 
Hispanics. Consequently, African-Americans have both 
an elevated burden of disease and would be anticipated 
to have poorer long-term recurrence-free and overall 
survival outcomes.4,12 Despite increased attention to ra-
cial/ethnic disparities in cancer risk and outcomes, dis-
parities in meningioma incidence and survival among 
African-Americans has been largely overlooked. While 
African-Americans have been observed to have lower 
risks of both pediatric and adult glioma, partly due to dif-
ferences in genetic ancestry and the distribution of under-
lying genetic risk factors,19–21 only two common heritable 
polymorphisms associated with meningioma risk have 
been discovered by GWAS.22

Whether environmental exposures could contribute to 
the elevated meningioma incidence observed in African-
American individuals is unclear. In addition to ionizing ra-
diation exposure, other modifiable/exogenous factors that 
have been associated with meningioma risk in high-quality 
studies include obesity,23 cigarette smoking,24 and a more 
recent potential association with exposure to airborne par-
ticulate pollution.25 The elevated meningioma incidence 
among African-American individuals and the lack of a clear 
genetic attribution suggest that environmental factors con-
tributing to meningioma development may have differing 
distributions across U.S. racial groups and be more prev-
alent in locales where a greater proportion of African-
Americans reside.

Our study has several important limitations. First, 
CBTRUS data lack central pathology review and detailed 
molecular information. Cases included in this analysis in-
clude those diagnosed by both radiography confirmation 
and molecular confirmation. Completeness of data col-
lection for radiographic diagnosis of nonmalignant brain 
tumors varies by state, and this may contribute to varia-
tion seen between demographic groups that vary in dis-
tribution by region of the U.S. Additionally, a subset of 
cases had ICD-O-3 site codes C70.9 (meninges not other-
wise specified), meaning that a small percent of individ-
uals in our dataset likely had extracranial tumors. Recent 
multi-omic analysis of meningioma tumor DNA has re-
vealed unique molecular clusters with distinct clinical 
outcomes that tend to outperform histopathologic grade 
in terms of predicting recurrence-free and overall sur-
vival.6,10 However, biomarkers have only been sparsely 
incorporated into the WHO classification of meningioma 
(eg, upgrading to grade 3 based on CDKN2A loss) and are 
not yet available for CBTRUS-based analyses.5 Finally, the 
latency period between exposures and meningioma de-
velopment is likely to be quite long and may differ across 
strata of age, sex, and race/ethnicity in an unrecognized 
manner that could alter how the data presented here are 
interpreted.26

Our findings reveal important disparities in the inci-
dence of intracranial meningioma across racial/ethnic 
groups and between sexes and show that associations 
with these demographic variables vary substantially 
across the life course and between tumor grades. Clinical 

nomograms have been developed to predict meningioma 
grade in the presurgical setting,27 and five-year tumor re-
currence risk,28 although neither model includes age, sex, 
or race/ethnicity in the nomogram. Our results suggest 
that incorporating these demographic data may lead to 
meaningful gains in predictive power, helping to inform 
patient stratification, subclinical disease detection, and 
targeted interception efforts. Future research is needed 
to explore demographic risk factors within strata of mo-
lecular tumor classification, and also to explore the con-
tributions of environmental exposures to meningioma 
incidence, with a particular focus on exposures having 
uneven geographic and socioeconomic distributions 
that could underlie structural inequalities in meningioma 
incidence.
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Supplementary material is available online at Neuro-
Oncology Advances online.
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