
Neuro-Oncology
24(2), 302–310, 2022 | https://doi.org/10.1093/neuonc/noab199 | Advance Access date 13 August 2021

 302

Importance of the intersection of age and sex to 
understand variation in incidence and survival for 
primary malignant gliomas

Gi-Ming Wang,† Gino Cioffi,† Nirav Patil,†  Kristin A. Waite, Robert Lanese, Quinn T. Ostrom, 
Carol Kruchko,  Michael E. Berens, James R. Connor, Justin D. Lathia, Joshua B. Rubin, and 
Jill S. Barnholtz-Sloan

Department of Population and Quantitative Health Sciences, Case Western Reserve University School of Medicine, 
Cleveland, Ohio, USA (G.-M.W., G.C., K.A.W., R.L., J.S.B.-S.); Cleveland Center for Health Outcomes Research 
(CCHOR), Cleveland, Ohio, USA (G.C., K.A.W., J.S.B.-S.); Case Western Reserve University School of Medicine, 
Cleveland, Ohio, USA (G.-M.W., G.C., K.A.W., R.L., J.S.B.-S.); Central Brain Tumor Registry of the United States 
(CBTRUS), Hinsdale, Illinois, USA (G.C., N.P., K.A.W., Q.T.O., C.K., J.S.B.-S.); Research and Education Institute, 
University Hospitals Health System (UHHS), Cleveland, Ohio, USA (N.P.); Department of Neurosurgery, Duke 
University School of Medicine, Durham, North Carolina, USA (Q.T.O.); Cancer and Cell Biology Division, Translational 
Genomics Research Institute (TGEN), Phoenix, Arizona, USA (M.E.B.); Department of Neurosurgery, Penn State 
College of Medicine, Hershey, Pennsylvania, USA (J.R.C.); Department of Cardiovascular and Metabolic Sciences, 
Lerner Research Institute, Cleveland Clinic, Cleveland, Ohio, USA (J.D.L.); Case Comprehensive Cancer Center, Case 
Western Reserve University School of Medicine, Cleveland, Ohio, USA (J.D.L., J.S.B.-S.); Departments of Pediatrics 
and Neuroscience, Washington University School of Medicine, St. Louis, Missouri, USA (J.B.R.); Cleveland Institute 
for Computational Biology, Cleveland, Ohio, USA (J.S.B.-S.); Research Health Analytics and Informatics, University 
Hospitals Health System (UHHS), Cleveland, Ohio, USA (J.S.B.-S.)

†These authors contributed equally and share the first authorship.

Corresponding Author: Jill S. Barnholtz-Sloan, PhD, NIH/NCI, Shady Grove, Bethesda, MD, USA (jill.barnholtz-sloan@nih.gov).

Abstract
Background. Gliomas are the most common type of malignant brain and other CNS tumors, accounting for 80.8% 
of malignant primary brain and CNS tumors. They cause significant morbidity and mortality. This study investi-
gates the intersection between age and sex to better understand variation of incidence and survival for glioma in 
the United States.
Methods. Incidence data from 2000 to 2017 were obtained from CBTRUS, which obtains data from the NPCR and 
SEER, and survival data from the CDC’s NPCR. Age-adjusted incidence rate ratios (IRR) per 100 000 were gener-
ated to compare male-to-female incidence by age group. Cox proportional hazard models were performed by age 
group, generating hazard ratios to assess male-to-female survival differences.
Results. Overall, glioma incidence was higher in males. Male-to-female incidence was lowest in ages 0-9 years 
(IRR: 1.04, 95% CI: 1.01-1.07, P = .003), increasing with age, peaking at 50-59 years (IRR: 1.56, 95% CI: 1.53-1.59, P < 
.001). Females had worse survival for ages 0-9 (HR: 0.93, 95% CI: 0.87-0.99), though male survival was worse for 
all other age groups, with the difference highest in those 20-29 years (HR: 1.36, 95% CI: 1.28-1.44). Incidence and 
survival differences by age and sex also varied by histological subtype of glioma.
Conclusions. To better understand the variation in glioma incidence and survival, investigating the intersection of 
age and sex is key. The current work shows that the combined impact of these variables is dependent on glioma 
subtype. These results contribute to the growing understanding of sex and age differences that impact cancer in-
cidence and survival.
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Gliomas are tumors that arise from glial or precursor 
cells and include astrocytoma, oligodendroglioma, 
ependymoma, and other rare histologies.1 Gliomas are the 
most common type of primary malignant brain and other 
CNS tumor, accounting for approximately 25.1% of all pri-
mary brain and other CNS tumors and 80.8% of malignant 
brain and other CNS tumors, and cause significant mor-
bidity and mortality.1 The most commonly occurring pri-
mary malignant brain and other CNS tumor is glioblastoma 
multiforme (GBM), accounting for the majority of gliomas 
(57.7%) and comprising 14.5% of all tumors and 48.6% of 
malignant tumors.1

Age is a key factor associated with incidence and survival 
for all cancers and therefore is also an important factor in 
the incidence and survival of gliomas.2 Gliomas are more 
common in older adults, and peak in incidence between 
the ages of 45 and 65 years old.3 Despite this, gliomas are 
one of the most common solid tumor types in children and 
account for approximately 45.5% of tumors in children and 
adolescents age 0-19 years.1 Studies have shown that the 
median age for diagnosis of high-grade glioma is higher in 
females as compared to males.4 Interest in sex differences 
in cancer has grown in recent years,5–8 especially now that 
all National Institutes of Health (NIH) grants require an as-
sessment of sex as a biological variable.9 Population-based 
studies demonstrate that the incidence of gliomas varies 
significantly by sex, with males having a 30%-50% higher 
incidence for most glioma subtypes.10 In addition, a recent 
study showed that among patients diagnosed with high-
grade gliomas, there were significantly more female long-
term survivors, with mean survival being 742 vs 628 days 
(P = .03).4

Age or sex differences in incidence and survival for pri-
mary malignant gliomas are now well validated.1,5–8,11 
While differences in survival and incidence based on sex 
and age have been studied individually, there have been 
no studies looking at the intersection of the 2 key variables 
and their interactive role on incidence and survival for 

gliomas. This study investigates the intersection between 
age and sex to better understand the variation of incidence 
and survival for glioma in the United States. Identifying 
disadvantaged sex and age groups is critical to providing 
individualized care for these devastating tumors.

Methods

Data Sources

Incidence  data. Incidence data were obtained for the 
years 2000-2017 from the Central Brain Tumor Registry 
of the United States (CBTRUS), which receives data in 
collaboration with the Centers for Disease Control and 
Prevention’s (CDC) National Program of Cancer Registries 
(NPCR) and the National Cancer Institute’s (NCI) Survival 
Epidemiology and End Results Program (SEER).12 This is 
the largest population-based registry focused exclusively 
on primary brain and other central nervous system tumors 
in the United States, covering the entire US population.1

Survival  data. Overall survival data from 2001 to 2016 
used for analysis were obtained from the NPCR.13 This 
dataset provides population-based information for 93.6% 
of the US population and is a subset of the data used for 
the incidence calculations. Overall survival information is 
derived from both active and passive follow-up.

Selection Criteria

Patients with primary brain and other CNS gliomas from 
individuals with no prior cancer diagnosis who were ei-
ther microscopically or radiographically confirmed were 
included in the analysis. International Classification of 
Diseases for Oncology, Third Edition (ICD-O-3) codes were 

Key Points

1. Male-to-female incidence increases with age in primary gliomas.

2. Female survival is worse in children 0-9 years but worse for males at all 
other ages in primary gliomas.

Importance of the Study

Age and sex differences in incidence and survival for 
primary malignant gliomas are well documented, inde-
pendently. However, in order to better understand this 
differences, analysis of the intersection of these 2 vari-
ables are key. The current work shows that age and sex 
interact and influence glioma incidence and survival. 
Males had significantly higher incidence rates overall, 
and by most glioma subtypes, as compared to females 
for all age groups. Male-to-female incidence was 

lowest in children but increased into adulthood. Males 
with malignant gliomas also had significantly higher 
risk of death as compared to females, which differed 
by age group. These results contribute to the growing 
understanding and impact that both sex and age have 
on cancer incidence and survival. Identifying disadvan-
taged sex and age groups is critical in influencing fur-
ther research, and in developing individual care plans 
for patients with these lethal tumors.
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used for identification, and tumors were defined according 
to the CBTRUS histologic grouping scheme.1 Only malig-
nant cases (ICD-O-3 behavior code of 3) were included in 
this analysis. ICD-O-3 codes used are as follows: anaplastic 
astrocytoma (ICD-O-3 code 9401), anaplastic oligodendro-
glioma (9451, 9460), diffuse astrocytoma (9400, 9410, 
9411, 9420), ependymal tumors (9391, 9392, 9393), GBM 
(9440, 9441, 9442), glioma malignant, not otherwise spe-
cified (NOS) (9380), neuronal and mixed neuronal-glial 
tumors (8680, 8693, 9505, 9522, 9523), oligoastrocytic tu-
mors (9382), oligodendroglioma (9450), other neuroep-
ithelial tumors (9423, 9430), pilocytic astrocytoma (9421, 
9425), and unique astrocytoma variants (9381, 9424). 
While pilocytic astrocytoma is not a clinically malignant 
tumor, cancer registries have historically coded it as ma-
lignant (ICD-O-3 behavior code of 3). CBTRUS therefore 
reports pilocytic astrocytoma as malignant per guidelines 
set by the International Agency for Research on Cancer 
(IARC) and International Association of Cancer Registries 
(IACR).14

Statistical Analysis

The average annual age-adjusted incidence rates (AAIR) 
and 95% confidence intervals (95% CI) were estimated per 
100  000 population using the methodology described in 
Tiwari et al.15 All rates were age-standardized to the 2000 
US population and are reported per 100 000 population. 
We used 10-year age interval to create age groups (0-9, 
10-19, 20-29, 30-39, 40-49, 50-59, 60-69, 70-79, and 80 years 
and older) based on age at primary cancer diagnosis. Age-
adjusted incidence rate ratios (IRR) for sex (male:female) 
with 95% CI were also generated from these standardized 
rates. For incidence data, counts and rates are not pre-
sented when fewer than 16 cases were reported for the 
specific category, or where the inclusion of the count and 
rate would allow for back-calculation of suppressed values. 
For example, if the remaining cells in a category can be 
used to calculate the value of a suppressed cell (n < 16), an 
additional cell will be suppressed.

Survival differences were assessed using age-stratified 
Cox proportional hazards models, to generate hazard 
ratios (HRs) with 95% CIs of male vs female by age group. 
Both AAIRs/IRRs and HRs were estimated for overall 
gliomas, and separately for anaplastic oligodendroglioma, 
anaplastic oligodendroglioma, diffuse astrocytoma, GBM, 
and oligodendroglioma. Survival time was recorded in 
months and was defined from the date of diagnosis to the 
date of death or last known contact. The Cox proportional 
hazards assumption was tested for survival models, and 
no variables were found in violation. For survival data, 
counts and rates are not presented when fewer than 20 
events were reported for the specific category. Additional 
Cox proportional hazards models were assessed on a 
subset of patients who had received a gross total resec-
tion (SEER Site-Specific Surgery Codes: 30, 55)  to adjust 
for surgical treatment.

Chi-square tests were performed to assess demographic 
and histology differences between males and females. 
All analyses were performed using R (version 4.0.4) and 
SEER*Stat 8.3.8.

Results

Descriptive Statistics

Overall, from 2000 to 2017, there were 294  886 patients 
with primary malignant brain and other CNS gliomas 
(Table 1). Of these, 130  051 (44.1%) were females and 
164 835 (55.9%) were males. Overall, malignant glioma in-
cidence was highest in the age group 60-69 years (60 198 
cases, 20%), and lowest in 10-19 years (15 005 cases, 5.1%). 
Age distribution differed significantly between males and 
females (P < .001). Additional patient characteristics by 
sex are presented in Table 1. GBM was the most predom-
inant histology with 161 237 (55%) of the overall patients. 
Among GBM, 68 759 (53%) were female, and 92 478 (56%) 
were male.

Incidence

The AAIRs and IRRs of male vs female with 95% CIs by age 
groups for all gliomas are displayed in Figures 1 and 2 and 
Supplementary Table 1. The age group with the highest 
AAIR for overall patients was 70-79  years (AAIR  =  14.36, 
95% CI: 14.23-14.5), followed by 60-69 years (AAIR = 11.98, 
95% CI: 11.88-12.08) and 80+ years (AAIR = 10.86, 95% CI: 
10.71-11). Overall, the incidence of glioma in all age groups 
was higher in males. The age group with the smallest IRR 
was 0-9 years (IRR = 1.04, 95% CI: 1.01-1.07, P = .003). The 
IRR continued to increase with age, peaking at 50-59 years 
old (IRR = 1.56, 95% CI: 1.53-1.59, P < .001) (Figure 2).

AAIRs and IRRs by sex and age are also shown for the 
following glioma subtypes: anaplastic oligodendroglioma, 
anaplastic oligodendroglioma, diffuse astrocytoma, GBM, 
and oligodendroglioma (Figures 1 and 2, Supplementary 
Table 3). For males, the age group with the highest AAIR 
for anaplastic astrocytoma, diffuse astrocytoma, and 
GBM was 70-79 years. In males, the highest incidence for 
anaplastic oligodendroglioma and oligodendroglioma oc-
curred earlier, at ages 50-59 and 30-39 years, respectively. 
Females showed peaks in incidence that differed from 
males for anaplastic oligodendroglioma and oligodendro-
glioma, with the highest AAIR occurring between ages 
40-49 years. In addition, for anaplastic oligodendroglioma 
and diffuse astrocytoma, the corresponding IRRs of all age 
groups were significantly higher in males. For anaplastic 
astrocytoma and GBM, the corresponding IRRs of all age 
groups were significant for higher incidence in males ex-
cept for age 0-9 years.

Survival

Cox proportional hazards models were used to generate 
HRs of male vs female sex with 95% CIs by age groups 
overall are shown in Figure 3 and Supplementary Table 2. 
The HR for male sex for those 0-9 years old was 0.93 (95% 
CI: 0.87-0.99), showing that females in this age group with 
malignant gliomas were significantly at higher risk of 
death. For all other age groups (10-69 years), male sex was 
associated with increased hazard of death. Patients age 
10-19 years or 20-29 years had the highest HR for male sex 

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab199#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab199#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab199#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab199#supplementary-data
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compared to other age groups (20-29 years HR: 1.36, 95% 
CI: 1.28-1.44; 30-39 years HR: 1.29, 95% CI: 1.23-1.35).

Subtype-specific HRs by age groups were also generated 
(Figure 3, Supplementary Table 4). The HR for male was 
highest in age groups 30-39 and 50-59 years oligodendro-
glioma and anaplastic oligodendroglioma, respectively. 

Male HR was significantly increased in age groups 20-29, 
30-39, 40-49, and 50-59 years for anaplastic astrocytoma, 
diffuse astrocytoma, GBM, with the exception of GBM pa-
tients in the 30- to 39-year age group.

In order to assess the impact of extent of resection on 
survival differences between male and female by age 

  
Table 1 Descriptive Statistics of Patients With Primary, Malignant Gliomas by Sex (CBTRUS: Data provided by CDC’s National Program of Cancer 
Registries and NCI’s Surveillance, Epidemiology and End Results Program, 2000-2017)

Characteristic Overall, N = 294 886a Female, N = 130 051a Male, N = 164 835a P Valueb

Age group, yr

 0-9 19 707 (6.7%) 9425 (7.2%) 10 282 (6.2%) <.001

 10-19 15 005 (5.1%) 7090 (5.5%) 7915 (4.8%)  

 20-29 16 945 (5.7%) 7541 (5.8%) 9404 (5.7%)  

 30-39 24 595 (8.3%) 10 472 (8.1%) 14 123 (8.6%)  

 40-49 36 206 (12%) 14 678 (11%) 21 528 (13%)  

 50-59 56 027 (19%) 22 586 (17%) 33 441 (20%)  

 60-69 60 198 (20%) 25 524 (20%) 34 674 (21%)  

 70-79 44 959 (15%) 21 121 (16%) 23 838 (14%)  

 80+ 21 244 (7.2%) 11 614 (8.9%) 9630 (5.8%)  

Race

 White 262 643 (89%) 115 239 (89%) 147 404 (89%) <.001

 Black 20 275 (6.9%) 9509 (7.3%) 10 766 (6.5%)  

 American Indian/Alaska Native 1531 (0.5%) 687 (0.5%) 844 (0.5%)  

 Asian or Pacific Islander 5859 (2.0%) 2714 (2.1%) 3145 (1.9%)  

 Other/Unknown 4578 (1.6%) 1902 (1.5%) 2676 (1.6%)  

Ethnicity

 Non-Hispanic or Latino 266 735 (90%) 117 238 (90%) 149 497 (91%) <.001

 Hispanic or Latino 28 151 (9.5%) 12 813 (9.9%) 15 338 (9.3%)  

Histology

 Anaplastic astrocytoma 19 983 (6.8%) 8853 (6.8%) 11 130 (6.8%) <.001

 Anaplastic oligodendroglioma 6218 (2.1%) 2763 (2.1%) 3455 (2.1%)  

 Diffuse astrocytoma 27 519 (9.3%) 12 144 (9.3%) 15 375 (9.3%)  

 Ependymal tumors 13 053 (4.4%) 6211 (4.8%) 6842 (4.2%)  

 Glioblastoma 161 237 (55%) 68 759 (53%) 92 478 (56%)  

 Glioma malignant, NOS 21 718 (7.4%) 10 775 (8.3%) 10 943 (6.6%)  

 Neuronal and mixed neuronal glial tumors 2698 (0.9%) 1109 (0.9%) 1589 (1.0%)  

 Oligoastrocytic tumors 8481 (2.9%) 3606 (2.8%) 4875 (3.0%)  

 Oligodendroglioma 14 001 (4.7%) 6226 (4.8%) 7775 (4.7%)  

 Other neuroepithelial tumors 215 (<0.1%) 147 (0.1%) 68 (<0.1%)  

 Pilocytic astrocytoma 17 594 (6.0%) 8450 (6.5%) 9144 (5.5%)  

 Unique astrocytoma variants 2169 (0.7%) 1008 (0.8%) 1161 (0.7%)  

Surgery type

 No surgery 114 752 (39%) 52 295 (40%) 62 457 (38%) <.001

 Partial or subtotal resection 60 071 (20%) 25 458 (20%) 34 613 (21%)  

 Gross total resection 74 889 (25%) 32 395 (25%) 42 494 (26%)  

 Unknown 45 174 (15%) 19 903 (15%) 25 271 (15%)  

Abbreviations: CDC, Centers for Disease Control and Prevention; NCI, National Cancer Institute; NOS, not otherwise specified.
an (%).
bPearson’s chi-square test.

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab199#supplementary-data
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group and by histology, we also looked at the subset 
of patients who had complete extent of resection data 
(n = 215 944 (87.63% of patients included in survival anal-
ysis). Overall, 64 087 (29.68%) patients had gross total re-
section, 51 771 (23.97%) had subtotal or partial resection, 
and 100 086 (46.35%) had no surgery. The survival trends 
among male vs female by age groups and histology were 
not significantly different after adjusting for extent of re-
section in the multivariable Cox model (Supplementary 
Figure 1).

Discussion

In this study, we provide evidence to show that incidence 
and overall survival of primary malignant gliomas vary 
by sex and age. To our knowledge, this is the first analysis 
investigating the intersection of sex and age to better un-
derstand variation in incidence and survival for glioma. We 
found that the incidence of glioma was higher for males 
across all age groups and in general males had a higher 
risk of death as compared to females.

Gliomas are the most common malignant brain tumor 
and can cause significant morbidity and mortality. For 

example, median survival of GBM cases diagnoses from 
2001 to 2016 in the United States was only 8  months. 
Anaplastic ependymoma had a reported median survival 
of 18 months and 3 years for diffuse astrocytoma.1 These 
tumors are often diagnosed through either neuroimaging 
techniques, such as CT or MRI scans, and pathologic con-
firmation from tumor tissue received at biopsy or resec-
tion.16 The use of molecular biomarkers is also used to 
help differentiate between glioma types, such as between 
oligodendrogliomas and astrocytomas, and to identify clin-
ically significant subgroups within certain histologies, such 
as glioblastoma vs anaplastic astrocytoma.16 Molecular 
biomarker data are not currently available in tumor regis-
tries, such as CBTRUS, as tumor registries did not collect 
the 2016 WHO Classification biomarkers until 2018.17 This 
information will be available in future data releases.

Age is a well-validated independent factor associated 
with incidence and survival for all cancers.1 Some cancers, 
including brain and other CNS tumors and leukemia, are 
common in children while others are more common in 
adults.18 Specific glioma subtypes are well documented 
to be quite common in childhood and very rare in adult-
hood and vice versa.1 Age is one of the primary risk factors 
for cancer, with individuals ≥65  years of age accounting 
for 60% of newly diagnosed malignancies and 70% of all 
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Fig. 1 Age-adjusted incidence rate by sex for primary, malignant gliomas by age groups (CBTRUS: Data provided by CDC’s National Program of 
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Fig. 1 Age-adjusted incidence rate by sex for primary, malignant gliomas by age groups (CBTRUS: Data provided by CDC’s National Program of 
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cancer-related deaths.19,20 Previous studies highlighted an 
age-adjusted cancer mortality rate for persons ≥65 at ~16 
times higher than the mortality rate for those <65.20,21

Aging is a complex process that could affect cancer 
risk through multiple mechanisms. Among these, are 
the effects of aging on nearly all aspects of the immune 
system,20,22 which has been strongly implicated in cancer 
prevention, development, and defense.20,23 Aging nega-
tively impacts apoptotic cell clearance,24 the numbers of 
naïve T cells,25 and the wound healing response.26 Neuro-
immune interactions are also affected by aging in the 
brain,20,27 and research has shown that aging progressively 
suppresses normal immunosurveillance and decreases 
immunotherapeutic efficacy against malignant glioma.20 
Immunosuppression increases in the brain with advanced 
age, and there is an inhibition of anti-glioma immunity in 
older adults.28 These results suggest that cellular immu-
nity may play an age-dependent role in the development of 
brain and other CNS tumors and should be integrated with 
emerging evidence for sex differences in immune sup-
pression and tumor microenvironment interactions.29,30 
Studies have shown that the incidence of primary brain 
and other CNS tumors increases with age, and our up-
dated study further confirms such a trend for primary 

brain and other CNS glioma as well as its association 
with sex.1,31 An increasing incidence of primary malignant 
gliomas with increasing age likely suggests that malig-
nant transformation of these cells is a chronic process with 
sequential changes of genetic alteration occurring with 
age.1,32 Glioma incidence is at its nadir between the ages 
of 10-19 and peaks at 70-79 years, which suggests that both 
genetic and environmental factors may have a role, with 
genetic factors playing a relatively larger role in early life 
risk and the environment being the larger contributor for 
older age groups.31,32 Analyzing these patterns of glioma 
incidence and survival with age and sex allows us to eval-
uate these patterns by age and generate hypotheses about 
their etiopathogenesis.

Sexual differentiation during development results in 
sex differences in cellular and systems biology,6,33,34 in-
cluding sexually dimorphic traits such as body size, 
metabolism, and disease risk.35–38 Sex differences are 
evident in brain size, rates of myelination, and risk for 
neurodevelopmental disorders and psychiatric dis-
eases.39–41 In cancer, significant sex differences exist in 
incidence of most tumor types that arise in both sexes, 
suggesting fundamental biological differences between 
males and females impact cancer incidence.5 Historically, 

  

2.0

Overall Anaplastic astrocytoma Anaplastic oligodendroglioma

Diffuse astrocytoma

A
ge

-a
dj

us
te

d 
in

ci
de

nc
e 

ra
te

 r
at

io
 p

er
 1

00
 0

00
 (

m
al

e:
fe

m
al

e)
H

ig
he

r 
fo

r 
fe

m
al

e 
<

->
 H

ig
he

r 
fo

r 
m

al
e

Glioblastoma Oligodendroglioma

1.5

1.0

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

2.0

1.5

1.0

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

2.0

1.5

1.0

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

2.0

1.5

1.0

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

2.0

1.5

1.0

Age group

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

2.0

1.5

1.0

0–
9

10
–1

9

20
–2

9

30
–3

9

40
–4

9

50
–5

9

60
–6

9

70
–7

9
80

+

Fig. 2 Age-adjusted incidence rate ratio (male vs female) with 95% CI for primary, malignant gliomas by age groups (CBTRUS: Data provided 
by CDC’s National Program of Cancer Registries and NCI’s Surveillance, Epidemiology and End Results Program, 2000-2017). Abbreviations: CDC, 
Centers for Disease Control and Prevention; NCI, National Cancer Institute.
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sex-based differences in complex diseases have been 
understudied. Multiple studies have been conducted to 
examine the potential role of either endogenous or exoge-
nous hormone exposures and risk of brain and other CNS 
tumors, with mixed results.6 Prior research has shown 
that overall incidence of cancer has increased in males42 
including GBM.8,43 Females with GBM have a significant 
overall survival advantage that is further enhanced after 
adjustment for known independent prognostic factors 
such as age, Karnofsky performance status (KPS), extent 
of resection, and receipt of standard therapy.8 Though, 
this is not seen for lower grade glioma.44

Sex differences in glioma incidence may be partially due 
to the genetic differences between males and females.10 
A  sex-specific genome-wide association study identified 
3 sex-specific glioma risk loci (7p11.2, 8q24.21, 3p21.31).10 
DNA methylation differences between males and females 
in 4 glioma molecular subtypes suggest an important sex-
specific role for DNA methylation in epigenetic regulation 
of gliomagenesis.45 In addition, research has shown that 
the standard treatment for GBM might be more effective 
for females than for males.46 With respect to the molecular 
basis of this sex difference in treatment response, male- 
and female-specific gene expression clusters were iden-
tified that uncovered long-term survival signatures, with 
male long-term survivors having alterations in cell cycle 
genes compared to female long-term survivors that had 

alterations in integrin signaling genes.7 However, our un-
derstanding of the many factors that determine sex-based 
differences in complex disease remains limited. Using 
population-based cancer registry data to better understand 
age/sex variation in incidence and survival is critical to 
moving forward our understanding of the intersection of 
these key variables and the role they play in tumorigenesis 
and treatment.

There is growing information on the role of sex and age 
on cancer incidence and survival. Most prior research has 
analyzed the impact of age and sex separately. The aim 
of our study was to examine the interaction between age 
and sex influence incidence and survival of gliomas in the 
United States. We found that glioma incidence is higher in 
males and adults, accurately aligning with the previously 
stated literature. Importantly, we found that this male-
to-female difference in incidence was influenced by age. 
Male-to-female IRR of glioma was lowest in those 0-9 years 
old (IRR = 1.04, 95% CI: 1.01-1.07, P = .003), and increased 
over time, with the highest IRR present in those 50-59 years 
old (IRR = 1.56, 95% CI: 1.53-1.59, P < .001). Additionally, we 
found age and sex differences to be present in glioma sur-
vival as well, where females had overall worse survival in 
ages 0-9 years (HR: 0.93, 95% CI: 0.87-0.99), but better sur-
vival in all other age groups. These findings in this study 
imply an interaction between age and sex in glioma inci-
dence and survival, the first study to present these findings 

  

80+

Overall

Diffuse astrocytoma Glioblastoma

Anaplastic astrocytoma Anaplastic oligodendroglioma

Oligodendroglioma

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

0.9 1.0 1.01.1 1.2 1.21.3 1.4 1.4 1.0 1.5 2.0

0.6 0.8 1.00.9
Hazard ratio (male:female)

Higher risk for female <-> Higher risk for male

A
ge

 g
ro

up

1.0 1.1 1.21.2 1.4 1.6 1.3 1.0 1.5 2.0

80+

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

80+

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

80+

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

80+

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9

80+

70–79

60–69

50–59

40–49

30–39

20–29

10–19

0–9
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at this scale. These data are integral in guiding future re-
search to analyze and better understand the mechanisms 
between age and sex in cancer.

Cancer registry data represent the most complete 
dataset for characterizing patterns of cancer incidence and 
survival, nevertheless, some limitations are present. The 
data used for this analysis are limited to variables avail-
able through cancer registry datasets. Furthermore, there 
was no central pathology review in place for registry pro-
cedures, meaning that each case had been classified at 
the diagnosing institution with no central confirmation of 
histology at the state or national levels. Also, we currently 
have very limited information on molecular data. For ex-
ample, it has been documented that IDH-mutant GBM is 
diagnosed at a younger age than IDH-wildtype GBM.47 
Future analyses with access to information would help fur-
ther assess the relationships documented in our current 
study. Many of the predictors associated with differences 
in glioma survival, including extent of resection, KPS, and 
treatment pattern were not included in the Cox regression 
model for overall survival.11 It is also possible that the treat-
ment information available, may not be consolidated at the 
central registry level, and multiple reports from different 
facilities may not lead to the most extensive procedure 
being reflected.48 However, the CBTRUS dataset, provided 
in collaboration with NPCR and SEER, encapsulates al-
most 100% of glioma cases in the United States, and the 
18-year time period of the study (2000-2017) allows for this 
in-depth analysis of variation in incidence and survival by 
age and sex for this rare tumor.

Conclusion

Age and sex differences in incidence and survival  or pri-
mary malignant gliomas have been independently de-
scribed. However, in order to better understand this 
differences, analysis of the intersection of these 2 vari-
ables are key. The current work shows that age and sex 
interact and influence glioma incidence and survival. 
Males had significantly higher incidence rates overall, 
and by most glioma subtypes, as compared to females 
for all age groups. Male-to-female incidence was lowest 
in children but increased into adulthood. Males with ma-
lignant gliomas also had significantly higher risk of death 
as compared to females, which differed by age group, for 
both overall data and the subset of patients who had com-
plete extent of resection data. These results contribute to 
the growing understanding and impact that both sex and 
age have on cancer incidence and survival. Identifying dis-
advantaged sex and age groups is critical in influencing 
further research, and in developing individual care plans 
for patients with these lethal tumors.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
online.
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18-year time period of the study (2000-2017) allows for this 
in-depth analysis of variation in incidence and survival by 
age and sex for this rare tumor.
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scribed. However, in order to better understand this 
differences, analysis of the intersection of these 2 vari-
ables are key. The current work shows that age and sex 
interact and influence glioma incidence and survival. 
Males had significantly higher incidence rates overall, 
and by most glioma subtypes, as compared to females 
for all age groups. Male-to-female incidence was lowest 
in children but increased into adulthood. Males with ma-
lignant gliomas also had significantly higher risk of death 
as compared to females, which differed by age group, for 
both overall data and the subset of patients who had com-
plete extent of resection data. These results contribute to 
the growing understanding and impact that both sex and 
age have on cancer incidence and survival. Identifying dis-
advantaged sex and age groups is critical in influencing 
further research, and in developing individual care plans 
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