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Abstract
Background While survival in overall pediatric malignancy has improved during recent decades, brain/central nervous system
(CNS) tumors has not demonstrated comparable survival advantage. Incidence and mortality data in this malignancy continue to
illustrate race and sex differences; however, there are few data in the pediatric setting. This study sought to characterize brain/
CNS tumors by socio-demographic and assess racial and sex variances in both cumulative incidence and mortality.
Methods A retrospective cohort design with Surveillance, Epidemiology and End Results (SEER) 1973–2014 was used for the
assessment of children aged < 1–19 years diagnosed with brain/CNS tumors. The age-adjusted incidence rates were used for
temporal trends, percent change, and annual percent change. We utilized binomial regression model to determine the exposure
effect of race and sex on cancer mortality, adjusting for potential confounders.
Results Childhood brain/CNS tumor cumulative incidence (CmI) continues to rise in annual percent change, and mortality varied
by race, sex, and year of diagnosis. The CmI was highest amongwhites, intermediate among blacks, and lowest amongAsians, as
well as lower in females relative to that in males. Compared to whites, blacks were 21% more likely to die from brain/CNS
tumors [risk ratio (RR) 1.21, 95% confidence interval (C.I.) 1.13–1.28], while males were 4% more likely to die relative to
females (RR 1.04, 95% C.I. 1.00–1.08). After controlling for age, sex, and tumor grade, racial disparities persisted, with 16%
increased risk of dying among blacks relative to whites [adjusted risk ratio 1.16, (99% C.I.) 1.08–1.25, p < 0.001].
Conclusion The cumulative incidence of brain/CNS malignancy is higher among whites relative to that in blacks; however,
blacks experienced survival disadvantage even after adjustment for potential tumor prognostic and predisposing factors.
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Introduction

Central nervous system (CNS) tumors remain one of the most
common types of pediatric cancers. Of this, low-grade gliomas
as well as medulloblastoma are the most common. In children
aged 15 years and younger, CNS cancers are the second
highest in terms of incidence rate and are responsible for the
highest percent of total cancer deaths [1]. Brain/CNS tumors
occur most often in children 1–14 years of age, with the
highest incidence among children < 4 years of age and highest
mortality in children 5 to 9 years of age [2]. Between 2005 and
2009, there were a total of 311,202 new cases of CNS tumors
reported by the United States Central Brain Tumor Registry
[3]. In addition to brain tumors, spinal cord tumors constitute
an estimated 1–2% of all CNS tumors in the USA [4].

A recent study by Mathew et al. [5] examined the survival
rate of children with medulloblastoma and primitive
neuroectodermal tumor (PNET) and high-grade gliomas.
The survival rate was measured at 1, 5, and 10 years after
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the diagnosis of CNS tumors. In children, less than 3 years of
age, the 10-year survival rate after diagnosis was 51.4%; and
10 years after diagnosis, children aged 3–14 years had a sur-
vival rate of 69%. These findings are indicative of survival
advantage with advancing age.

Several epidemiologic data on brain/CNS tumors have in-
cluded research mostly on adult population. Previous studies
in this area indicate that there is a high rate of CNS tumors in
the white male population [6–8]. A few other studies in adult
settings in the past have focused on social adjustments after
cancer diagnosis and treatment, health-related quality of life,
and other socio-environmental factors affecting brain/CNS
malignancy [9–11]. The primary central nervous system lym-
phoma (PCNSL) which is a rare subtype of extranodal non-
Hodgkin lymphoma accounts for an estimated 4% of newly
diagnosed CNS tumors. Data on sex and racial variability in
incidence of PCNSL based on the SEER registry, 1980–2008,
indicated higher incidence among whites and males, as well as
survival disadvantage with advancing age and HIV infection
[12]. However, this study and previous studies did not focus
on pediatric age groups’ incidence characterization and sur-
vival, necessitating the current pediatric population-based in-
vestigation. Overall, additional studies on pediatric brain/CNS
cancers are needed to characterize the social, neighborhood,
and environmental factors that may affect incidence and mor-
tality in childhood cancers.

Most available studies in brain/CNS tumors with children
present with small sample sizes that tend to limit a clear as-
sessment of clinically meaningful difference in terms of effect
size as well as inference from the sample. To our knowledge,
there are no cumulative incidence and mortality data on four-
decade temporal trends or mortality, and neither are there are
any recent findings on social determinants of pediatric brain/
CNS cancer in a large sample as observed in Surveillance
Epidemiology End Results (SEER) dataset. This study sought
to characterize brain/CNS tumors by socio-demographics.
Additionally, we aimed to assess racial and sex variances in
both cumulative incidence and mortality.

Materials and Methods

Study Design

A population-based retrospective cohort design was used to
examine the aims of the study that form the basis of the hy-
potheses tested herein. This design is feasible given the
preexisting data in SEER registry (1973–2014).

Data Source

Data from National Cancer Institute’s (NCI) Surveillance,
Epidemiology and End Results (SEER) program was used in

this study [13]. The SEER program is a cancer registry oper-
ated and managed by the NCI–National Institute of Health.
The registry began in 1973 with nine SEER areas termed
registries. In 1992, the registry expanded to include four addi-
tional registries; and in 2005, the registry was further expand-
ed and included five additional registries rendering the current
registry in SEER at 18. In the evolution of the database, the
commonly identified registries include 9, 11, 13, 17, and 18.
The information collected and stored in the SEER registry
include cancer diagnosis, patient demographics, primary tu-
mor site, tumor morphology and stage at diagnosis, prognostic
factors, first course of treatment, and follow-up for vital status
as well as some social determinants of health. This registry
remains the most comprehensive source of population-based
data which includes cancer stage at the time of diagnosis as
well as patient survival. The approval of the registries into the
SEER program is based on the ability of cancer centers to
provide high-quality population-based information and other
variables.

In the SEER registry, cancers are coded according to the
International Classification of Disease 3rd edition (ICD-O-3)
[14]. The SEER registries update their databases continuously,
and they use the SEER Stat software to adjust for the delay in
response rates. In this study, we presented incidence and mor-
tality statistics for four racial and ethnic groups (White, Black,
American Indian/Alaskan Native, and Asian/Pacific Islander).
SEER cases are reported to NCI in the month of November
each year and there is a completion rate of approximately 98%
for all sites of cancer except for tumors such as melanoma,
which are less complete.

Variable Ascertainment

The study cohort included cancer patients from SEER 18
registry and the age-adjusted incidence rates were obtained
using data from SEER 9 to SEER 18. We categorized the
cancer cases into five age groups: < 1 year, 1–4 years, 5–
9 years, 10–14 years, and 15–19 years. The socio-
demographic characteristics included in the study (age,
race, sex, and insurance status) were self-reported and
measured on a nominal scale. Insurance variable was clas-
sified as insured, any Medicaid, insured/no specifics, and
uninsured. The outcome variable namely mortality is avail-
able in SEER as vital status and is coded as dead (1) and
alive (0). This binary variable allowed for the use of bino-
mial regression model in assessing the exposure effect of
race and sex on the mortality outcome in brain/CNS tumors
in children.

Race and Sex

Race and sex which are the main health disparity indicators
in this study are available in SEER as nominal variables.
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The race data in SEER includes whites, blacks, and Bother
race^ representing American Indian/Alaska Native (AI/
AN), Asian/Pacific Islander (A/PI), and unknown race,
while the sex variable includes male and female as a nom-
inal scale; white was coded as 1, black as 2, and Bother^ as
3 (AI/AN, A/PI, and unknown) and sex was coded male as
1 and female as 2.

Sample Size and Power Estimations

The current study data involved preexisting cases of children
with brain/CNS malignancy (n = 16,484). Implying the ability
of our study to detect a clinically meaningful difference be-
tween the cumulative incidence or mortality, we estimated the
power using the following parameters: (a) sample size (n =
16,484) by racial subgroups (whites, 13,379; blacks, 1882;
other race, 1223); (b) effect size = 0.21—binomial regression
risk ratio (21%); and (c) type I error tolerance and 95% C.I.
(0.05) for the univariable model as well as 99% C.I. (0.01) for
the multivariable model. With these parameters, we estimated
the power to be 99% (type II error tolerance < 1%) which is a
sufficient power to detect a minimum difference of 10% com-
paring the mortality experience of blacks relative to that of
whites.

Statistical Analysis

Cumulative Incidence Rates and Trends Analysis

A weighted least squares (WLS) method was used to esti-
mate the age-adjusted brain/CNS cancer trends in the age
group of children from < 1 to 19 years (SEER Stat soft-
ware) [15]. This method indicates the behavior of the ran-
dom errors in the model and is applicable to regression
functions that are either linear or non-linear in the param-
eter estimates of the sample statistic. Its application in
model fitting incorporates extra non-negative constants,
or weights, associated with each data point, into the fitting
criterion. The size of the weight illustrates the precision of
the information contained in the associated observation,
implying the parameter value and parameter precision.
Therefore, optimizing the weighted fitting criterion to
identify or examine the parameter estimates allows the
weights to determine the contribution of each observation
to the final parameter estimates.

We expressed the incidence and mortality rates as the
number of new primary cancer and deaths per 100,000 per-
sons at risk. This study used the most recent SEER registry
data available from 1973 to 2014. The percent change and
annual percent change were also calculated using the SEER
Stat Software. Percent changes were calculated using 1 year
for each end point and annual percent changes were calculat-
ed using weighted least squares methods.

Proportionate Morbidity and Mortality Analyses

We also used BProportionate Morbidity^ to determine the pro-
portion of a specific malignancy in relation to the overall
malignancy diagnosed during the period of this study.
Mathematically proportionate morbidity is given by:

cause−specific morbidity

total morbidity during a specific period

This measure is represented as a percentage (%) or multi-
plier. For example. in our study, there was a total of 16,682
number of children with brain tumors implying the frequency
of those with brain/CNS tumors divided by the total no. of
cancer diagnosis in the entire study period. It is also expressed
as the number of brain/CNS tumors per 1000 implying 1000
as a multiplier of the proportion.

Proportionate Morbidity for Brain/CNS Tumors

16682 Total number of brain=CNS tumors diagnosedð Þ
92594 Total number of pediatric malignancies diagnosedð Þ

¼ 0:18 per 1000

Similarly, we estimated Proportionate Mortality as the total
number of children who died of brain/CNS tumors divided by
the total number of children who died of pediatric malignan-
cies during the study period.

Proportionate Mortality for Brain/CNS Tumors

5650 Total mortality from brain=CNS tumorsð Þ
22935 Total mortality from pediatric malignanciesð Þ
¼ 0:24 per 1000

Mortality Risk Marker: Hypothesis-Specific Analysis

The data were examined for missing variables and outliers
using the tabulation method and visualization. The nominal
and categorical variables such as sex and race respectively
were summarized using descriptive statistics for frequencies
and percentages.

Prior to hypothesis-specific analysis, we applied signal am-
plification and risk stratification modeling technique, which is
a method used in assessing for potential confounders prior to
model specification and multivariable modeling. A
univariable binomial regression model was used to assess
the single social determinants of health as a function of mor-
tality. To determine the non-confounded exposure effect of
race in childhood brain/CNS mortality, the Mantel-Haenszel
stratification analysis was used in assessing for confounders.
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Where the magnitude of confounders, implying the compari-
son of the crude to the adjusted odds ratio, was > 10%, the
potential confounding variable was confirmed as a confounder
and introduced into the multivariable binomial regression
model for simultaneous adjustment.

Mathematically, magnitude of confounding (MOC) =
ORCrude – ORAdjusted/ORAdjusted.

All tests were two-tailed, and the type I error tolerance was
set as 95% confidence interval (α = 0.05) for the univariable
model and 99% C.I. (α = 0.01) for the multivariable model.
STATA statistical software, version 14.0 (StataCorp, College
Station, TX), was used to perform the mortality-related
analysis.

Results

Study Characteristics

Race and Sex Distribution

There were more whites, n = 13,379 (80.2%), diagnosed with
CNS and brain tumors relative to blacks, n = 1882 (11.3%),
during this period. American Indian/Alaska Native and Asian/
Pacific Islander constituted 0.8% (n = 138) and 6.5% (n =
1085) respectively of the total sample (n = 16,682).
Information on race was not available for 198 (1.2%) of the
sample and was recorded as unknown and classifies as other
race. Similarly, males had higher prevalence of tumors com-
pared to females (54.3 vs. 45.6%). While the overall percent
change (PC) was 50.6%, annual percent change (APC) was
0.8; however, there was a difference in PC and APC, compar-
ing male to female. The PC for female was 70% and male
35%, while the APC for male was 0.7 and female 0.9.
Additionally, the PC did differ comparing black (42.3%) to
white (57%) as well as APC which was lower for blacks (0.3)
relative to that for whites (0.9).

Temporal Trends by Age at Diagnosis and Race

The temporal trends by age at tumor’s diagnosis, stratified by
race, are illustrated in Fig. 1a to e. Despite the observed fluc-
tuations, the trends in all age groups are indicative of overall
higher cumulative incidence of the tumors among whites
(Fig. 1a–e).

Proportionate Morbidity and Mortality

The proportionate morbidity was 0.18 per 1000, while propor-
tionate mortality was 0.24 per 1000, implying that 18% of all
pediatric tumors diagnosed were associated with brain/CNS
tumor while 24% of all mortality from cancer were associated
with brain/CNS malignancy.

Tumor Grade and Histology

While unknown (ungraded) was n = 11,309 (68.6%), there
were 1101 children with grade I malignancy (6.7%); grade
II, n = 1536 (9.3%); grade III, n = 491 (3.0%); grade IV, n =
2047 (12.4%).

The most diagnosed brain/CNS tumor in this sample was
astrocytoma, n = 5539 (41.4%), followed by gliomas, n =
3405 (25.4%); medulloblastoma consisted of n = 2637
(19.7%) and ependymomas n = 1115 (8.3%).

Study Characteristics by Race

Table 1 illustrates the distribution of age group at diagnosis,
sex, mortality, histology, insurance, SEER registry, tumor
grade, and 5-year interval and year of diagnosis by race. The
mortality prevalence was higher among blacks (40%) com-
pared to that among whites (33%) (Fig. 2a). Likewise, relative
to whites, mortality was higher among American Indian and
Alaska Native (37.7%) as well as Asian/Pacific Islander
(37.0%), χ2 (4) = 85.1, p < 0.0001. The overall brain/CNS
tumor mortality prevalence was 33.9% (n = 5650), implying
a survival proportion of 67.1% (n = 11,032) between 1973 and
2014 in the specified SEER registry.

Mortality Prognostic Factors and Risk Modeling

Year and Age Cohort Effect

There was year of diagnosis cohort effect on mortality. The
cohort effect showed a dose-response slope, with survival ad-
vantage associated with the later years of diagnosis compared
to 1973–1977. From a 5-year interval, 1973–1977, there was a
dose-response reduction in mortality, with 1973–1977 as the
reference year group (risk ratio (RR) = 1.0); the risk ratio for
2008–2012 was 0.36 (RR = 0.36, 95% C.I. 0.33–0.39) while
that for 2013–2014 was 0.18 (RR = 0.18, 95% C.I. 0.16–
0.21).

The < 1 year at the age of diagnosis illustrated the worse
mortality experience, implying the highest burden of the dis-
ease in this age group. Compared to < 1 year, 1–4, 5–9, 10–14,
and 15–19 years at the age of diagnosis were 31, 27, 38, and
34% less likely to die from brain/CNS tumor.

Tumor Histology, Race, and Sex

The mortality prevalence by histology was the highest in gli-
omas (35.2%), medulloblastoma (26.1%), astrocytoma
(22.5%), and ependymomas (9.3%). The mortality varied by
race, with blacks demonstrating survival disadvantage com-
pared to whites (Table 2). Relative to whites, blacks were 21%
more likely to die [RR 1.21, 95% C.I. 1.13–1.28]. Similarly,
relative to whites, there was a significant increased risk of
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mortality among Asians/Pacific Islanders (RR 1.12, 95%CI
1.03–1.42). Although statistically unstable in terms of param-
eter precision, but clinically meaningful in terms of difference
or effect size, American Indian and Alaska Native were 14%
more likely to die compared to whites (RR 1.14, 95%CI 0.92–

1.42) (Fig. 2b). With respect to the survival experience by sex,
the mortality prevalence was higher in males (55.4%) com-
pared to that in females (44.6%), χ2 = 3.88 (1), p = 0.04.
Compared to females, males were 4% more likely to die
(RR = 1.04, CI 1.00–1.08).
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CNS. Malignancy by race (age < 1 year). b Age-adjusted temporal trends
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c Age-adjusted temporal trends of incidence in pediatric brain/CNS.
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Race Exposure Effect as Function of Mortality:
Multivariable Modeling

After controlling for tumor prognostic factors, racial dispar-
ities in brain/CNS tumors persisted and blacks were 16%more
likely from brain/CNS tumors relative to whites [adjusted risk
ratio (aRR) = 1.16, 99% CI (1.8–1.25)] (Table 3).

Discussion

The purpose of this study was to characterize brain/CNS tu-
mors by socio-demographics. In addition, we aimed to assess
racial and sex variances in both cumulative incidence and
mortality. There are a few relevant findings based on the cur-
rent study: First, racial differences were observed in incidence
of brain/CNS tumors. Second, the temporal trend from 1973
to 2014 varied by race and year of diagnosis. Third, the cu-
mulative incidence was higher among whites compared to that
among blacks: a higher number of white children were diag-
nosed with brain/CNS tumors relative to blacks and other
race. Fourth, mortality varied by race, with blacks observed
with survival disadvantage relative to whites. Further, after

controlling for the confounders, implying the removal of ex-
posure effect heterogeneity, racial disparity in pediatric brain/
CNS tumors persisted.

In this study, we illustrated that brain/CNS tumors’ cumu-
lative incidence varied by race. Epidemiologic and clinical
data on overall pediatric cancer supports this finding
[16–19]. Surawicz et al. [16] illustrated the differences in the
distribution of brain/CNS cancer by gender and race; males
had a higher incidence rate compared to females, while whites
had a higher incidence rate than any other race. The observa-
tion of an increased incidence in whites is not unexpected
[20], given both individual and group heterogeneity in terms
of exposure effect that might explain in part the observed
excess of diagnosis among whites despite mortality disadvan-
tage of blacks. It is also plausible that the excess cumulative
incidence among whites might be attributed to gene-
environment exposure. This explanation of exposure effect
on cumulative incidence is due in part to the large amount of
data on environmental carcinogen especially pesticides [18,
21, 22]. Likewise, parental exposure such as uterine exposure
to alcohol and cigarette smoking as known carcinogens and
mutagens may explain this variability [18, 23–25].
Additionally, the variances in the distribution of known or
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Table 1 Study characteristics of
children diagnosed with brain and
CNS tumors stratified by race,
SEER data (1973–2014)

Variable White Black Other χ2 (df), p
N (%) N (%) N (%)

Age at Diagnosis 4.04 (8), 0.8
< 1 year 832 (6.2) 107 (5.7) 79 (6.4)
1–4 years 3539 (26.4) 511 (27.1) 306 (25.0)
5–9 years 3603 (26.9) 524 (27.8) 336 (27.5)
10–14 years 2965 (22.1) 417 (22.1) 275 (22.5)
15–19 years 2440 (18.2) 341 (17.1) 227 (18.5)
Sex 6.41 (2), 0.04
Female 6063 (45.3) 911 (48.4) 554 (45.3)
Male 7316 (54.7) 971 (51.6) 669 (54.7)
Mortality 40.5 (2), < 0.001
Alive 8958 (66.9) 1129 (60.0) 770 (62.9)
Dead 4421 (33.0) 753 (40.0) 453 (37.0)
Histology 112.0 (8), < 0.001
Astrocytomas 5539 (41.4) 731 (38.8) 388 (31.7)
Gliomas 3405 (25.4) 565 (30.0) 325 (26.6)
Ependymomas 1115 (8.3) 171 (9.0) 106 (8.7)
Medulloblastomas 2637 (19.7) 306 (16.2) 279 (22.8)
aOther 683 (5.1) 109 (5.8) 125 (10.2)
Insurance 113.3(10), < 0.001
Insured 2522 (18.8) 271 (14.4) 266 (21.7)
Any Medicare 1388 (10.4) 320 (17.0) 143 (11.7)
Insurance status unknown 138 (1.0) 30 (1.6) 7 (0.6)
Insured/NS 518 (3.9) 60 (3.2) 43 (3.5)
Uninsured 70 (0.5) 21 (1.1) 6 (0.5)
SEER Registry 66.7 (34), < 0.001
Alaska Natives 0 (0.0) 0 (0.0) 23 (1.9)
†Atlanta 485 (3.6) 256 (13.6) 30 (2.4)
*California 2153 (16.0) 124 (6.7) 207 (16.9)
Connecticut 1009 (7.5) 115 (6.1) 18 (1.5)
†Detroit 1030 (7.7) 351 (18.6) 25 (2.0)
Greater Georgia 604 (4.5) 211 (11.2) 8 (0.6)
Hawaii 95 (0.7) 4 (0.2) 234 (19.1)
Iowa 1062 (7.9) 31 (1.6) 12 (1.0)
Kentucky 569 (4.2) 48 (2.5) 6 (0.5)
Los Angeles 1308 (9.8) 167 (8.9) 165 (13.5)
Louisiana 363 (2.7) 187 (9.9) 13 (1.0)
New Jersey 985 (7.3) 144 (7.6) 72 (5.9)
New Mexico 408 (3.0) 11 (0.6) 43 (3.5)
Rural Georgia 13 (0.1) 4 (0.2) 0 (0.0)
Oakland, San Francisco-Oakland 783 (5.8) 153 (8.1) 146 (11.9)
Oakland, San Jose-Monterey 343 (2.5) 10 (0.5) 79 (6.4)
Seattle 1206 (9.0) 61 (3.2) 122 (10.0)
Utah 963 (7.2) 5 (0.3) 20 (1.6)
Grade 18.8 (8), 0.01
I 922 (6.9) 110 (5.8) 69 (5.6)
II 1290 (9.6) 154 (8.1) 92 (7.5)
III 395 (2.9) 54 (2.9) 42 (3.4)
IV 1628 (12.1) 248 (13.2) 171 (14.0)
Year of diagnosis 59.9 (16), < 0.001
1973–1977 681 (5.1) 77 (4.1) 29 (2.4)
1978–1982 679 (5.1) 88 (4.7) 50 (4.1)
1983–1987 767 (5.7) 88 (4.7) 50 (4.1)
1988–1992 942 (7.0) 141 (7.5) 79 (6.4)
1993–1997 1192 (8.9) 162 (8.6) 146 (11.9)
1998–2002 2263 (16.9) 313 (16.6) 192 (15.7)
2003–2007 2813 (21.0) 374 (19.9) 269 (22.0)
2008–2012 2907 (21.7) 457 (24.3) 275 (22.5)
2013–2014 1135 (8.5) 182 (9.7) 133 (10.9)

Grade I, well differentiated; Grade II, moderately differentiated; Grade III, poorly differentiated; Grade IV,
undifferentiated. The total will not add up to 100% due to missing variables and blanks. Other race refers to
American Indian and Alaska Native (AI/AN) and Asian/Pacific Islanders (A/PI), as well as unknown race
a Other types of brain tumors including chordoma/chondrosarcoma; choroid plexus; germ cell tumors, cysts, and
heterotopia; meningioma: benign and malignant; neoplasms: unspecified, benign, and malignant; nerve sheath:
benign and malignant; neuroepithelial; other mesenchymal: benign and malignant

*California excluding Los Angeles, San Jose-Monterey, and San Francisco-Oakland
†Metropolitan
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established risk factors in this malignancy mainly family his-
tory, genetics, sex, age, neurofibromatosis, Li-Fraumeni
Syndrome (a rare autosomal dominant disease due to germline
mutation of p53), and ionizing radiation by race remain a
possible explanation of the racial variability in cumulative
incidence herein. Further, the increasing and racially dispro-
portionate use of electronic devices including though not lim-
ited to cell phones, iPods, iPads, e-books, and Kindle by
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Fig. 2 a Cumulative mortality risk by race in childhood brain/CNS tu-
mor, SEER (1973–2014). The error bars represent the parameter values
and precision on the mortality experience by race from childhood brain/
CNS tumors in the Surveillance Epidemiology and End Results (SEER)
data, 1973–2014. AI/AN, American Indian and Alaska natives; A/PI,
Asian and Pacific Islanders. b Childhood brain/CNS mortality by race,
risk ratio (SEER, 1973–2014). The error bars represent the parameter
values and precision on the mortality experience by race from childhood
brain/CNS tumors in the Surveillance Epidemiology and End Results
(SEER) data, 1973–2014. The white race is the reference group, with
the risk ratio (RR) = 1.0. AI/AN, American Indian and Alaska natives;
A/PI, Asian and Pacific Islanders

Table 2 Crude and unadjusted model of factors associated with
mortality in pediatric brain/CNS tumors

Variable RR 95% CI p

Race
White 1.0 Referent Referent
Black 1.21 1.13–1.28 < 0.001
Other 1.12 1.03–1.21 0.004
Age at diagnosis
<1 year 1.0 Referent Referent
1–4 years 0.69 0.64–0.74 < 0.001
5–9 years 0.73 0.67–0.78 < 0.001
10–14 years 0.62 0.57–0.67 < 0.001
15–19 years 0.66 0.61–0.72 < 0.001
Sex
Female 1.0 Referent Referent
Male 1.04 1.00–1.08 0.04
Histology
Astrocytomas 1.0 Referent Referent
Gliomas 2.42 2.28–2.57 < 0.001
Ependymomas 1.98 1.82–2.15 < 0.001
Medulloblastomas 2.40 2.25–2.54 < 0.001
aOther 2.17 1.98–2.38 < 0.001
Insurance
Insured 1.0 Referent Referent
Any Medicaid 1.20 1.08–1.33 < 0.001
Insurance status unknown 1.30 1.01–1.68 0.03
Insured/NS 0.84 0.70–1.01 0.07
Uninsured 1.18 0.83–1.68 0.35
SEER registry
*California 1.0 Referent Referent
Alaska Natives 1.73 1.12–2.66 0.01
†Atlanta 1.38 1.23–1.53 < 0.001
Connecticut 1.31 1.18–1.44 < 0.001
†Detroit 1.61 1.48–1.76 < 0.001
Greater Georgia 0.97 0.86–1.10 0.7
Hawaii 1.64 1.43–1.87 < 0.001
Iowa 1.54 1.40–1.69 < 0.001
Kentucky 0.85 0.73–0.99 0.04
Los Angeles 1.24 1.13–1.36 < 0.001
Louisiana 1.09 0.95–1.26 0.19
New Jersey 0.85 0.75–0.96 0.009
New Mexico 1.53 1.35–1.73 < 0.001
‡Rural Georgia 0.85 0.36–2.00 0.71
San Francisco-Oakland 1.45 1.31–1.60 < 0.001
San Jose-Monterey 1.30 1.12–1.49 < 0.001
Seattle 1.19 1.07–1.30 0.001
Utah 1.25 1.12–1.38 < 0.001
Grade
I 1.0 Referent Referent
II 1.61 1.33–1.93 < 0.001
III 4.37 3.67–5.20 < 0.001
IV 4.34 3.70–5.10 < 0.001
Year of diagnosis
1973–1977 1.0 Referent Referent
1978–1982 0.91 0.85–0.98 0.01
1983–1987 0.70 0.65–0.77 < 0.001
1988–1992 0.66 0.60–0.71 < 0.001
1993–1997 0.55 0.51–0.60 < 0.001
1998–2002 0.51 0.47–0.54 < 0.001
2003–2007 0.44 0.41–0.47 < 0.001
2008–2012 0.36 0.33–0.39 < 0.001
2013–2014 0.18 0.16–0.21 < 0.001

Type I error tolerance was set at 5% (α = 0.05)

RR risk ratio, CI confidence interval, NS no specifics
a This signifies other Brain/CNS tumor not otherwise specified

* This signifies other cities in the SEER Registry in California besides
Los Angeles, and serves as the referent point for the risk ratio as a relative
measure of disparities by regions
†This signifies the racial minority population mainly blacks/African
Americans
‡This signifies the lowest point estimate, and lower risk though statisti-
cally unstable relative to California

1138 J. Racial and Ethnic Health Disparities (2018) 5:1131–1141



children may account for these subpopulation variances in
brain/CNS incidence since cumulative incidence of brain/
CNS tumor is highest among whites, intermediate among
blacks/AA, and lowest among Asians and Hispanics [26].

Survival disadvantage of blacks in overall pediatric malig-
nancy have been previously observed [25, 27, 28]. In this
study, we demonstrated the survival disadvantage of blacks
in brain/CNS tumors. This observation from the current study
is supported in part by previous epidemiologic and clinical
data on mortality [20, 29, 30]. Early-stage diagnosis of malig-
nancy is indicative of good prognosis, implying survival ad-
vantage [31]. Available data from our sample indicated poorly
differentiated tumor among blacks relative to that among
whites. Additionally, blacks had less access to both diagnosis
and therapeutics, which tends to explain the survival disad-
vantage observed in these data. The insurance data though is
limited due to inability of the SEER registries to collect data
from the initiation of this registry in 1973. The current

insurance data reflects malignancies diagnosed from 2011 to
2014. Despite these data insufficiencies, insurance still corre-
lated with mortality.

The heterogeneity of exposure effect or treatment effect is
expected to be addressed after controlling for the confounders
and balancing the prognostic factors respectively. With race
as a function of mortality in this study, we examined the other
exposure effect heterogeneity as a confounder. After control-
ling for these confounders, the racial disparity in brain/CNS
pediatric tumors persisted. Other studies have observed sim-
ilar insufficiencies [20, 29, 32]. The observed inability to
remove the variance or the differences by race with respect
to brain/CNS malignancy may be due to unmeasured con-
founders such as parental education, income, disadvantaged
neighborhood factors, and other unidentified exposures that
might predispose to, or precipitate, cancer survival including
brain/CNS malignancies in children. It is also biologically
plausible that gene and environment interaction observed in
mRNA transcription and gene expression may differ across
subpopulations, which may tend to predispose black children
to excess mortality coupled with early childhood adverse
events that have been shown to affect gene expression [33].
Epigenetic change or alteration commences very early in life
(gametogenesis) as a result of changes that do not affect
DNA sequence but are epigenotypic (gene and environment
interaction—diet, chemical exposure, hormones, etc.). For
example, the subpopulation variation in the DNA methyla-
tion which is the transformation of the promoter region of the
gene, where transcription occurs by a methyl group (CH3) to
5′-methylcytosine resulting in the inhibition of transcription,
affecting protein synthesis involved in apoptotic and prolif-
erative cellular processes, remains a feasible explanation of
the observed survival disadvantage of blacks/AA relative to
whites. These epigenomic alterations or modifications may
predispose to brain/CNS aggressive variants in blacks, imply-
ing poorer prognosis. In effect, epigenomic studies present a
collaborative opportunity to examine epigenetic alterations in
the diseased or defective gene in black and white brain/CNS
childhood cases, using DNA methylation for gene expression
associated with hypo- and hypermethylation. With such ini-
tiatives, there remains an opportunity for specific risk char-
acterization and preselection treatment with induction
therapy.

Despite the strengths of this study, mainly large sample and
accurate modeling, there are some limitations. First, we uti-
lized retrospective design, which is prone to information and
selection bias. Because we processed our data, examining
missing variables and outliers, it is highly unlikely that these
findings are driven solely by misclassification bias. Secondly,
the retrospective nature of these data implies limited causal
inference with respect to brain/CNS mortality and effect of
race, given race as surrogate for health inequity, as well as
other potential confounding variables with respect to exposure

Table 3 Multivariable model on exposure effect of race and other
potential predictors of pediatric brain/CNS mortality, SEER data (1973–
2014)

Variable aRR 99% CI p

Race

White 1.0 Referent Referent

Black 1.16 1.08–1.25 < 0.001

Other 1.09 0.99–1.19 0.01

Age at diagnosis

< 1 year 1.0 Referent Referent

1–4 years 0.81 0.74–0.89 < 0.001

5–9 years 0.85 0.77–0.93 < 0.001

10–14 years 0.75 0.68–0.82 < 0.001

15–19 years 0.80 0.73–0.89 < 0.001

Sex

Female 1.0 Referent Referent

Male 1.03 0.98–1.08 0.09

Insurance

Insured 1.0 Referent Referent

Any Medicaid 1.15 1.01–1.32 0.005

Insurance status unknown 1.34 0.97–1.85 0.01

Insured/NS 0.85 0.67–1.07 0.07

Uninsured 1.18 0.75–1.84 0.34

Grade

I 1.0 Referent Referent

II 1.53 1.20–1.95 < 0.001

III 3.98 3.17–4.99 < 0.001

IV 4.36 3.54–5.36 < 0.001

Model was adjusted for tumor grade and social determinants of health
such as race, age at diagnosis, sex, and insurance. Type I error tolerance
was set at 1% (α = 0.01)

aRR adjusted risk ratio, CI confidence interval
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effect heterogeneity. Despite this observation on causal infer-
ence, the observed racial disparities in brain/CNSmortality do
not appear to be influenced by causal inference limitation
since race was identified or established before the tumor diag-
nosis. Thirdly, despite controlling for confounders, this study
might be influenced in part by unmeasured and residual con-
founders. However, it is highly unlikely that the findings of
temporal trends and mortality disadvantage of some subpop-
ulations of children with brain/CNS tumors, mainly blacks,
are driven solely by this unmeasured and residual confounder,
since nomatter how sophisticated the statistical software used,
residual confounder persists [34]. The persistent failure of the
multivariable model to remove disparities after controlling for
confounders is due in greater part to the unavailability of the
potential confounding variables in the SEER dataset, namely,
health inequity variables (employment, income, access to
care, transportation, and navigation). Further, the application
of Bother race^ provides no meaningful approach to interven-
tion mapping in brain/CNS cumulative incidence and mortal-
ity risk reduction. However, this study examined other races
namely American Indian/Alaska Native and Asian/Pacific
Islander. Nevertheless, since Hispanics constitute a substantial
portion of the US population as well as SEER demographics,
future studies on brain/CNS tumors in children should assess
the cumulative incidence and survival in this subpopulation
for intervention mapping.

Conclusion

In summary, there is a temporal trend in brain/CNS tumors
with cumulative incidence higher among whites relative to
that among blacks. The mortality experience from these ma-
lignancies varied by race, with blacks experiencing survival
disadvantage which persisted after controlling for exposure
effect heterogeneity. Despite the accuracy and validity of these
data, caution should be exercised in their interpretation and
application in clinical settings and public health arena due to
the inability of NCI to provide reliable and relevant population
data such as income and other social determinants of health
variables, as exposure function of health inequity. Racial dis-
parities in cumulative incidence and mortality existed and
persisted after controlling for confounding variables. These
findings are suggestive of future studies to examine the social
determinants of health and their relationship with brain/CNS
tumor incidence as well as mortality in order to assess and
address for confounding factors, namely health inequity.
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