1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Cancer. Author manuscript; available in PMC 2020 October 01.

Published in final edited form as:
Cancer. 2019 October 01; 125(19): 3390-3400. doi:10.1002/cncr.32328.

Glioma incidence and survival variation by county-level
socioeconomic measures

David J. Cotel2:3 Quinn T. Ostrom#®, Haley Gittleman#8, Kelsey R. Duncan’, Travis S.
CreveCoeur®, Carol Kruchko?, Timothy R. Smith3, Meir J. Stampferl3:9, Jill S. Barnholtz-
Sloan#6

1Channing Division of Network Medicine, Harvard Medical School, Brigham and Women’s
Hospital, Boston, MA

2Computational Neuroscience Outcomes Center (CNOC), Brigham and Women’s Hospital,
Boston, MA

SDepartment of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA
4Central Brain Tumor Registry of the United States, Hinsdale, IL

5Section of Epidemiology and Population Sciences, Department of Medicine, Dan L. Duncan
Comprehensive Cancer Center, Baylor College of Medicine, Houston, TX

6Case Comprehensive Cancer Center and Department of Population and Quantitative Health
Sciences, Case Western Reserve University School of Medicine, Cleveland, OH

"Department of Neurology, Case Western Reserve University, Cleveland, OH
8Department of Neurosurgery, Washington University in St. Louis, St. Louis, MO

°Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA

Abstract

Introduction: Multiple studies have reported higher rates of glioma in areas with higher
socioeconomic status (SES) but have not stratified by other factors, including race/ethnicity or
urban versus rural location.

Methods: We identified the average annual age-adjusted incidence rates and calculated hazard
ratios for death for glioma of various subtypes, stratified by a county-level index for SES, race/
ethnicity, US region, and rural/urban status.
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Results: Rates of glioma were highest in counties with higher SES (rate ratio=1.18,
95%CI1=1.15-1.22 comparing highest to lowest quintiles, p<0.001). Stratified by race/ethnicity,
higher rates in high SES counties persisted for White non-Hispanic individuals. Stratified by rural/
urban status, differences in incidence by SES were more pronounced among urban counties.
Survival was higher for residents of high SES counties after adjustment for age and extent of
resection (HR=0.82, 95%CI=0.76-0.87 comparing highest to lowest quintile of SES, p<0.001).
Survival was higher among White Hispanic, Black, and Asian or Pacific Islander individuals
compared to White non-Hispanic individuals, after adjustment for age, SES, extent of resection,
and when restricted to those with glioblastoma who received radiation and chemotherapy.

Conclusion: Incidence of glioma was higher in US counties of high compared to low SES.
These differences were most pronounced among White non-Hispanic individuals and White
Hispanic individuals, in urban areas. We observed better survival in high SES counties, even when
adjusting for extent of resection, and when restricting to those who received radiation and
chemotherapy for glioblastoma. Differences in incidence and survival were associated with SES
and race, rather than rural/urban status.

Precis:

This study of nearly all tumors diagnosed in the United States over a five year period demonstrated
higher incidence of glioma in counties of high SES compared to low SES, although these
differences were generally restricted to White non-Hispanic and White Hispanic individuals, in
urban rather than rural areas. In a survival analysis including approximately 28% of the cases from
the incidence analysis, survival was better in high SES compared to low SES counties, even when
adjusting for extent of resection, and when restricting to those who received radiation and
chemotherapy for glioblastoma.
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Introduction

Socioeconomic status (SES) is associated with risk of multiple cancers, which may be due to
its correlation with increased case ascertainment or causal risk factors.1*4 Whereas higher
SES is associated with better access to healthcare, cancer screening, and diagnostic tools,
lower SES is associated with many factors that affect risk of cancer, such as exposure to
environmental and occupational pollutants. 6

Glioma incidence is higher in areas of higher SES in the US and Europe.’-11 These
disparities have been observed for over 30 years. In 1991, Demers et al. reported a pattern of
higher rates of brain tumors, including glioma and astrocytoma, with increasing SES among
White men, using data from 1969 to 1978.12 In 2006, Deorah et al. reported disparities in
glioma incidence by race/ethnicity, with highest rates among White men living in
metropolitan counties.13 More recently, several studies in the US and Europe have reported
relative risks of glioma comparing high to low SES areas ranging from 1.1 to 1.2, using a
variety of definitions of SES.8: 9 These findings are unlikely to be solely the result of
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ascertainment bias, given that glioma, and especially its high grade form, glioblastoma
(GBM), typically is rapidly progressive and fatal.”> 14 Although some cancer sites are
diagnosed at higher rates in areas of high SES simply due to better access to screening
programs and healthcare, there are no screening strategies for glioma and the vast majority
of cases present suddenly and characteristically, without preceding symptoms. Therefore,
while lower SES is expected to correlate with shorter survival due to worse access to
comprehensive healthcare, the association between higher SES and higher incidence of
glioma is less easily explained. Few risk factors for glioma have currently been identified,
and the risk factors that commonly explain variations in incidence by SES for cancers of
other sites, such as prevalence of infectious diseases, access to screening and preventive
treatments, and specific occupational and environmental exposures (e.g., lead), have not
been shown to be associated with glioma incidence.l: 4. 14-16

Because the factors that drive the existing disparities in glioma incidence by SES have not
been adequately explained, further exploration of these disparities with stratification by race/
ethnicity and urbanicity may aid researchers in identifying underlying causal factors and
focusing prevention efforts. With additional information on possible population
characteristics associated with glioma incidence, researchers may be better equipped to
identify and intervene on causal factors underlying these disparities. Similarly, identifying
associations between sociodemographic variables and survival after glioma diagnosis can
help target strategies to eliminate previously observed disparities.

To accomplish these aims, in this study, we used data from the Central Brain Tumor Registry
of the United States (CBTRUS), the American Community Survey (ACS), and the National
Cancer Institute’s (NCI) Surveillance, Epidemiology, and End Results (SEER) program to
examine the association between county-level SES and incidence and survival for glioma.
We also stratified by race/ethnicity, geographic region, and rural versus urban status to
identify variation in incidence and survival by SES and these factors. Our goal was to
summarize the associations between several sociodemographic features, including SES,
race/ethnicity, and urbanicity, and glioma incidence and survival.

Data Sources

This study was approved as an exempt study by the University Hospitals Cleveland Medical
Center Institutional Review Board. Data were obtained from the CBTRUS through a data
release agreement with the CDC’s National Program of Cancer Registries (NPCR), which
includes incidence data from 100% of the US population.1’: 18 These data are derived from
51 central cancer registries (50 state registries and Washington D.C.). Incidence data were
obtained via CBTRUS, while survival data were obtained only via SEER.

Socioeconomic Metrics and Urban/Rural Status

Data were collected on multiple county-level socioeconomic factors from the 2006-2010
ACS five year estimates, including percentage of residents =25 years old with less than high
school education, percentage of residents with at least a bachelor’s degree, percentage of
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families whose incomes are below the poverty level, median household income, percentage
of persons aged =16 who are unemployed, and percentage of persons who work in
management, business, science, and arts occupations.1® A county-level SES metric was
constructed by normalizing each of these variables, assigning negative values to percentage
of residents with less than high school education, percentage of families below the poverty
level, and unemployment rate.2 The variables were then summed, generating a SES index
with a mean of 0, which was then dichotomized into high (0 or higher) versus low (below 0),
and also categorized by quintiles (Supplementary Figure 1). This procedure was based on a
previously published method.3 The United States Department of Agriculture’s 2013 Rural
Urban Continuum Codes (RUCCs), which classify counties by population size and
proximity to a metropolitan area, were used to classify counties as rural or urban (rural
RUCC=4-9; urban RUCC=1-3) (Supplementary Figure 2).20 Counties were categorized into
U.S. regions (New England, Middle Atlantic, East North Central, East South Central, West
South Central, Mountain, Pacific, West North Central, or South Atlantic) according to the
official census divisions of the United States.

Statistical Analysis

Average annual age-adjusted incidence rates (AAAIR) with 95% confidence intervals
(959%Cls) were generated using SEER*Stat 8.3.521 from 2011-2015, by SES, histology,
urban/rural location of residence, region of the US, and race/Hispanic ethnicity?2). To adjust
for differences in age distribution between populations, all rates were standardized to the
2000 US population and reported per 100,000. Histologic groups were classified using
International Classification of Diseases for Oncology 3 edition (ICD-O-3) codes, and were
defined based on the CBTRUS histologic grouping scheme (Supplementary Table 1).17: 2324
Incidence rate ratios (IRRs) generated using the stratified age-adjusted incidence rates were
used to compare groups, and p values were calculated using the formulas described by Fay
et al. to test if IRR were significantly different from 125 IRRs were considered statistically
significantly different when the p-value was less than 0.05. Linear regression was used to
model the association between county-level incidence rates (including counties with >5
cases during the time period) and SES, urban vs. rural status, and percentage of the county
that is White non-Hispanic in both univariable and multivariable analyses adjusted for these
factors and state of diagnosis.

Most central cancer registries in the US routinely collect limited data on clinical variables.
The SEER program, which represents about 28% of the cases included in the CBTRUS
dataset, collects a broader range of information relevant to clinical outcomes.26-28 Adults 18
years or older at diagnosis with histologic confirmation from 2000-2015 were included in
survival analyses (followed until December 31, 2015 regardless of year of diagnosis),
representing a limited subset of the overall dataset used for incidence analyses. A custom
dataset was obtained containing additional treatment data fields, including chemotherapy
and radiation.28 While treatment information in SEER has previously been shown to have
high positive predictive value (95% for radiation and 90% for chemotherapy),29 sensitivity is
only moderate. SEER strongly recommends that ‘no’ values be treated as missing data and
that comparisons not be made between individuals identified as having treatment and those
not so identified. As a result, treatment groups were defined using ‘yes’ values for beam
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radiation and/or chemotherapy. Additional survival analyses were performed using Cox
proportional hazard models in R version 3.5.0,39 and were adjusted for known prognostic
variations including age of diagnosis and extent of resection. These Cox models were further
adjusted for SES, urban vs. rural status, and percentage of the county that is White non-
Hispanic, in both univariable and multivariable models.

Incidence of Glioma by Socioeconomic Status

From 2011 to 2015 there were 97,810 cases of glioma in CBTRUS, of which more than 90%
were histologically confirmed (Supplementary Table 2). Glioma incidence was 18% higher
in the highest quintile of SES (AAAIR=6.05, 95%CI: 6.00-6.10 compared to 5.13, 95%ClI:
4.99-5.27 in the lowest quintile, IRR=1.18, 95%CI: 1.15-1.22, p<0.001, Figure 1). Incidence
of GBM, other astrocytoma, oligodendroglial tumors, and other gliomas were each
significantly higher in the highest quintile of SES compared to the lowest; p-trend across all
quintiles was significant only for GBM (p=0.02).

When stratified by SES and race/ethnicity, the incidence of glioma overall and GBM was
higher in counties of high SES compared to low SES among White non-Hispanic individuals
(AAAIR=6.69, 95%CIl: 6.63-6.74 in high SES compared to 6.44, 95%ClI: 6.33-6.56 in low
SES counties for glioma overall, IRR=1.04, 95%ClI: 1.02-1.06, p=<0.001). However, among
Asian or Pacific Islander (API) individuals, rates were significantly lower in counties of high
SES compared to low SES (Table 1, Supplementary Figure 3).

Incidence of glioma overall and GBM was lower in rural counties than urban counties
(IRR=0.98, 95%CI 0.97-1.00, p=0.06; IRR=0.97, 95%CI 0.95-0.99, p=0.007 for glioma and
GBM, respectively, Supplementary Table 3); the difference for GBM was statistically
significant. Generally, these differences were driven by differences in incidence for White
non-Hispanic (IRR=0.91, 95%CI 0.90-0.93, p<0.001 for urban versus rural counties for
glioma overall) and White Hispanic individuals (IRR=0.79, 95%CI 0.72-0.87, p<0.001 for
urban versus rural counties for glioma overall) with no difference for Black individuals and
higher incidence in rural areas for APl and American Indian or Alaska Native individuals.
When stratified by both SES and urban versus rural status, rates of each of these tumor types
were generally higher in counties of high SES versus low SES among urban counties (IRR
comparing low SES counties to high SES counties for glioma overall=0.92, 95%Cl:
0.90-0.94, p<0.001 for urban counties), but there were no significant differences comparing
SES among rural counties except for oligodendroglial tumors (Supplementary Figure 4,
Supplementary Table 4).

When stratified by SES and region, rates of glioma and glioma subtypes were generally
higher in counties of high versus low SES, although these differences were not observed in
New England or the East South Central and Pacific regions (Supplementary Table 5). The
West North Central region had higher rates of each tumor type among low SES counties than
high SES counties.
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In order to assess the association between individual county-level characteristics and glioma
incidence, univariable and multivariable adjusted models for county-level incidence of
glioma are presented in Supplementary Table 6. On univariate analysis, both SES and race/
ethnicity (measured as percentage of the county that is White non-Hispanic, a population
that is known to be at elevated risk of glioma) were significantly associated with higher
county-level incidence of glioma overall (p<0.001), but urban versus rural location was not
associated with county-level incidence (p=0.48). On mutual adjustment for SES, urban
versus rural status, race, and state of diagnosis, both race (p<0.001) and SES (p<0.001) were
predictive of higher county-level incidence, but urban versus rural status was not (p=0.59).
Similar results were observed for GBM and for non-GBM astrocytoma, but for
oligodendroglial tumors, all three measures were independently predictive of incidence.

Survival after Glioma Diagnosis by Socioeconomic Status

The results of Cox proportional hazards models for death demonstrate that survival after
GBM diagnosis was higher among individuals from counties of higher SES quintiles when
adjusted for age at diagnosis and extent of resection (EOR; subtotal versus gross total)
(Table 2, Figure 2). Compared to the lowest quintile of SES, residence in a county of the
highest quintile of SES was associated with a hazard ratio of 0.82 (95%Cl: 0.76-0.87,
p<0.001). These differences persisted when the population was restricted to those who were
diagnosed with GBM and received radiation and chemotherapy (hazard ratio=0.85, 95%ClI:
0.78-0.94 comparing highest quintile to the lowest quintile, p<0.001). Similar hazard ratios
were observed for non-GBM astrocytoma and oligodendroglial tumors when comparing
counties of the highest to lowest quintile.

Hazard ratios of death by race/ethnicity, adjusted for county-level SES (continuous variable),
age, and EOR are presented in Table 3. For GBM, White Hispanic individuals and API
individuals, but not Black individuals, had improved survival compared to White non-
Hispanic individuals (for White Hispanic individuals, HR=0.92, 95%CI: 0.87-0.98, p=0.01,
for API individuals, HR=0.81, 95%CI: 0.75-0.89, p<0.001). When restricted to those
diagnosed with GBM who received radiation and chemotherapy, the differences in survival
were strengthened. Compared to White non-Hispanics, White Hispanic (HR=0.88, 95%ClI:
0.81-0.95, p=0.002), Black (HR=0.86, 95%Cl: 0.77-0.95, p=0.005), and APl (HR=0.75,
95%Cl: 0.67-0.84, p<0.001) individuals each had improved survival. There were no
significant differences in survival by race for non-GBM astrocytomas or oligodendroglial
tumors.

Hazard ratios of death by urban versus rural status, adjusted for county-level SES
(continuous variable), age, and EOR are presented in Supplementary Table 7. For GBM,
individuals in urban areas had improved survival compared to those in rural areas, but this
finding was attenuated and no longer significant after adjustment for SES (HR=0.90,
95%Cl: 0.85-0.95, p<0.001 unadjusted for SES, HR=0.96, 95%Cl: 0.91-1.02, p=0.16
adjusted for SES). When restricted to those diagnosed with GBM who received radiation
and chemotherapy, the differences in survival persisted both unadjusted and adjusted for
SES (HR=0.87, 95%Cl: 0.81-0.93, p<0.001 unadjusted for SES, HR=0.91, 95%Cl:
0.84-0.98, p=0.01 adjusted for SES). There were no significant differences in survival by

Cancer. Author manuscript; available in PMC 2020 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Cote et al.

Page 7

urban versus rural status for non-GBM astrocytomas, but improved survival in urban areas
persisted for oligodendroglial tumors regardless of SES (HR=0.76, 95%CIl: 0.64-0.91,
p=0.003).

Mutual adjustment of these models for SES, urban versus rural status, and percentage of the
county that is White non-Hispanic is presented in Supplementary Table 8. On univariate
analysis, both SES and urban versus rural status were associated with improved survival for
glioma overall (p<0.001), but race was not (p=0.52). On mutual adjustment, SES remained a
significant predictor (p<0.001), but urban versus rural status was attenuated (p=0.12), and
race remained non-significant (p=0.26). For non-GBM astrocytoma and oligodendroglial
tumors, findings were similar. For GBM, univariate analysis again showed that SES
(p<0.001) and urban versus rural status (p<0.001), but not race (p=0.07) were significantly
associated with survival. Mutual adjustment resulted in attenuation of urban versus rural
status (p=0.25), while SES (p<0.001) and race (p=0.03) were each significantly predictive of
improved survival.

Discussion

This study of nearly all glioma cases diagnosed in the US over a five year period
demonstrates higher incidence rates of glioma in counties of high SES when compared to
counties of lower SES. The overall findings are consistent with prior reports that have
showed higher incidence in areas of high SES in the United States and Europe.”" These
prior studies have estimated statistically significant relative risks of glioma ranging from 1.1
to 1.2 comparing areas of high SES with areas of low SES,8: 2 with one study estimating a
relative risk of glioblastoma of 1.45.7 These studies have used a variety of definitions of
SES, however, with some comparing incidence rates by SES proxies, such as educational
level or income.”"® Our aim in the study was to use data from the entire US and a
comprehensive, county-level composite metric for SES to assess associations between SES
and glioma incidence. We further stratified by possible confounders of the association
between SES and glioma, including urbanicity and race/ethnicity, to evaluate if any of these
sociodemographic characteristics may be independently associated with glioma incidence,
and may have contributed to the observed differences by SES in prior studies on this topic.
79,12 This study also extends these analyses to survival after glioma diagnosis, using data
from SEER, to assess the extent to which survival after glioma diagnosis varies by these
sociodemographic factors.

Survival was significantly higher among counties of high SES compared to counties of low
SES, and among White Hispanic and Black individuals compared to White non-Hispanic
individuals. These differences in survival persisted when adjusted for EOR and when
restricted to GBM patients who received radiation and chemotherapy. When stratified by
race/ethnicity and urban versus rural status, higher rates of glioma were most prominent
among White non-Hispanic individuals and to a lesser extent, White Hispanic individuals,
among urban rather than rural counties. Mutual adjustment for SES, urban versus rural
location, and race demonstrated that while SES and race independently predict county-level
glioma incidence, differences in survival are mostly attributable to SES, independently of
race and urban versus rural location.
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Incidence of Glioma by Socioeconomic Status

Currently, there is little evidence for factors that modify the risk for glioma. Exposure to
ionizing radiation has been shown to increase risk,3 32 whereas atopic disease may have
protective effects.® Although both of these may be correlated with SES, this confounding is
unlikely to explain the relatively large differences in incidence reported here. For example,
in this study, we identified an 18% increased incidence rate of glioma in high SES counties
compared to low SES counties. It is unlikely that atopic diseases, which have approximately
a 5% prevalence in the United States, or ionizing radiation, which are both generally more
common in high SES areas, could explain such a large difference.14. 33,34

For some cancers of other sites, differential rates of incidence by SES can be attributed to
ascertainment bias.> 35 36 For glioma, however, ascertainment bias is unlikely to explain
differential rates by levels of SES because the disease is nearly universally diagnosed in the
US, particularly for GBM, the most aggressive form.” 1437 The preclinical period for these
tumors is likely short and they are rapidly progressive, with distinctive symptoms that
prompt medical care.38 It is possible that histologic diagnosis may be more accurate in areas
of high SES than in areas of low SES because of access to higher quality medical facilities,
but this would be more likely to cause erroneous incidence of subtypes of glioma rather than
overall rates of glioma. Individuals of low SES may be less likely to undergo surgical
resection or biopsy, the data presented here include tumors diagnosed histologically as well
as radiographically.

Stratification by race demonstrated that rates of glioma are similar between high SES and
low SES counties for API and Black individuals, but differ for White Hispanic and
especially White non-Hispanic individuals, with higher rates in high SES counties. This
suggests that the overall findings of higher incidence in high SES areas are mainly driven by
differential rates among White non-Hispanic individuals and, to a lesser extent, White
Hispanic individuals, rather than other racial and ethnic groups.3’

A prior study identified increased risk of brain cancer among those living in a metropolitan
county.13 In our study, incidence rates of glioma were largely similar in urban counties and
rural counties when stratified by SES. This suggests that any increased risk due to farming
and pesticide exposure, which have previously been suggested as risk factors, is either small
or is matched by risk factors that operate more strongly in urban environments.39
Additionally, incidence rates were more disparate comparing high SES and low SES
counties in urban areas than in rural areas, suggesting that overall differences by SES are
driven mainly by differential rates in urban environments.

Perhaps most importantly, mutual adjustment for SES, urban versus rural status, and race
demonstrated that whereas SES and race were independently predictive of county-level
incidence, urban location was not. This indicates that the increased risk of glioma that has
previously been reported among urban versus rural environments likely operates through
SES, race, or both.
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Survival after Diagnosis of Glioma by Socioeconomic Status

Whereas incidence data remain difficult to explain by currently understood risk factors,
differential survival after glioma diagnosis by SES can more easily be explained. High SES
is associated with better access to healthcare, including access to surgery, radiation,
chemotherapy, and other adjunctive treatments, all of which have been shown to improve
survival after diagnosis.>: 3% 37 Additionally, living in high SES areas is associated with
improved survival from death from any cause, due to a variety of factors including fewer
environmental exposures that increase risk of death.> 15 In the present study, survival after
diagnosis of glioma was higher among those from high SES counties compared to low SES
counties for all tumor types.

Stratification by race revealed increased survival for Black and White Hispanic individuals
compared to White non-Hispanic individuals for most tumor subtypes. Within each race,
survival was generally higher in areas of high SES compared to areas of low SES,
suggesting that the factors that result in poorer survival in areas of low SES are not isolated
to a single racial identity.

In multivariable analyses, SES in the highest quintile was associated with lower risk of death
compared to the lowest quintile for all tumor types, even among patients who all received
radiation and chemotherapy. Although access to radiation and chemotherapy is only a proxy
for overall healthcare quality, this suggests that while access to care may play a role in
reduced survival for those of low SES, the factors driving the improved survival among
those from high SES locations may not operate solely through access to care.

When adjusted for race, age, EOR, and a continuous measure of county-level SES, survival
after diagnosis of GBM remained superior for White Hispanic and API individuals
compared to White non-Hispanic individuals. When restricted to GBM patients who
received radiation and chemotherapy, these differences were strengthened and Black
individuals also had improved survival compared to White non-Hispanic individuals.
Because Black individuals have improved survival compared to White non-Hispanic
individuals only when restricted to those who received chemotherapy and radiation for
GBM, this suggests that access to these treatments may be worse among Black individuals,
independently of SES, and that this adversely affects survival after GBM diagnosis.40: 41
Future studies should continue to examine this disparity, as it is suggestive that individuals
from racial and ethnic minorities receive worse access to these treatments by the US medical
system, independent of SES level.

The fact that adjustment for county-level SES does not fully attenuate the differential
survival by race/ethnicity suggests that other factors drive the improved survival among
Black, White Hispanic, and API individuals. One possibility is that worse survival in White
non-Hispanic individuals may be due to a higher preponderance of wild-type isocitrate
dehydrogenase 1 (/DH1/2) in these patients, as mutation in /DH1/2is associated with
improved prognosis, however in this present study, we could not ascertain genetic mutation
status.42: 43
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Notably, in a multivariable Cox model mutually adjusted for SES, urban versus rural
location, and race (measured as percentage of the county that is White non-Hispanic), only
SES was independently predictive of survival for glioma overall. For GBM, both SES and
race were independently predictive. This suggests that observed differences in survival by
urban versus rural location may be confounded by SES or race.

Strengths and Limitations

The strengths of this study include the nearly universal representation of glioma cases from
the US population over multiple years. This is the first study of its kind to use the 100%
population coverage of CBTRUS to examine rates of glioma by SES, and one of the few to
stratify by race/ethnicity and rural versus urban status. Additionally, while other studies have
examined incidence by socioeconomic status for certain tumor subtypes, this study analyzes
both incidence and survival for glioma overall, and its various subtypes.

Additionally, the data include information on treatment, including radiation, chemotherapy,
and EOR, which allows for additional examination of factors that have particular influence
over survival after glioma diagnosis. However, we lack data on other factors that may be
related to differences in survival, including co-morbidities, tumor volume/location, EOR,
Karnofsky performance status, and treatment pattern.** 45 There is no central pathology
review of tumor samples so it is possible that “‘true’ histologic classification could be
confounded with SES, urban/rural location of residence, and/or race/ethnicity. As noted,
important molecular classifications that predict survival—including /DH1/2, MGMT,
ATRX, and 1p/19g—were not incorporated into this analysis, and these may confound the
association between the sociodemographic variables and survival. Although these data were
not available for this analysis, the hallmark molecular features have started to be collected in
the US starting in 2018.46 The most prominent limitation is the crude nature of county-level
metrics of SES. Counties are large and can be fairly heterogeneous, incorporating both rural
and urban areas and areas of high and low SES. Unfortunately, our data use agreement with
the CDC does not permit access to census tract level data for analyses of this type, due to the
rarity of glioma and some of its subtypes leading to potential identifiability of cases in
sparse strata. Perhaps more accurate identification of individual SES would demonstrate
even larger differences.

Conclusion

Incidence of glioma was higher in US counties of high SES compared to counties of low
SES. These differences were most pronounced among White non-Hispanic individuals and,
to a lesser extent, White Hispanic individuals, in urban rather than rural areas. Survival was
worse in low SES counties, even when adjusting for EOR, and when restricting to those who
received radiation and chemotherapy for GBM. Differences in incidence and survival were
driven by both SES and race, rather than urban versus rural status.

Supplementary Material
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