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Abstract

Background: Brain and central nervous system (CNS) cancer is the leading cause of cancer
death among children and adolescents in the United States. Data from earlier studies suggested
racial and ethnic differences in survival among pediatric patients with brain tumor. This study
examined racial/ethnic difference in survival using national data and considered the effects of
demographic and clinical factors.

Methods: Using National Program of Cancer Registries data, 1-, 3-, and 5-year relative survival
(cancer survival in the absence of other causes of death) was calculated for patients with brain and
CNS cancer aged < 20 years diagnosed during 2001-2008 and followed up through 2013. Racial
and ethnic differences in survival were measured by sex, age, economic status, stage, anatomic
location, and histology. Adjusted racial and ethnic difference in 5-year cancer specific survival was
estimated using multivariable Cox regression analysis.

Results: Using data from 11 302 patients, 5-year relative survival was 77.6% for non-Hispanic
white patients, 69.8% for non-Hispanic black patients, and 72.9% for Hispanic patients.
Differences in relative survival by race/ethnicity existed within all demographic groups. Based on
multivariable analysis, non-Hispanic black patients had a higher risk of death at 5 years after
diagnosis compared to non-Hispanic white patients (adjusted hazard ratio = 1.2, 95% confidence
interval, 1.1-1.4).
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Conclusions: Pediatric brain and CNS cancer survival differed by race/ethnicity, with non-
Hispanic black patients having a higher risk of death than non-Hispanic white patients. Future
investigation of access to care, social and economic barriers, and host genetic factors might
identify reasons for disparities in survival.
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1| INTRODUCTION

Brain and central nervous system (CNS) cancer in the United States is the second most
common form of pediatric cancer after leukemia and is the leading cause of death from
pediatric cancer.! Survival for patients with many different types of pediatric brain and CNS
cancer has increased over the past four decades.2~* However, one in four children with brain
cancer still dies within 5 years of his/her diagnosis, and survival is worse for some brain and
CNS cancer histologic types.> Although it is well known that survival of patients with
pediatric brain and CNS cancer is dependent on several factors, including age at diagnosis,
stage, histology type, anatomic location, grade, and treatment, the association of race and
ethnicity with survival is less well known.

Although differences in survival by race and ethnicity are described in pediatric populations
with cancers other than brain and CNS cancer*%-9 and among adults with brain and CNS
cancer,10.11 differences are less well described for pediatric brain and CNS cancer.5 Past
reports of pediatric brain and CNS cancer and race and ethnicity have documented
differences in survival by race and ethnicity for specific histology types'213 or in specific
US states.1415 National reports of pediatric brain and CNS cancer have documented worse
outcomes among black patients compared to white patients, but have used <28% population
coveragel6-19 and older data,16-18 and some did not assess Hispanic ethnicity.17:18 Given
geographic differences in pediatric brain cancer incidence and survival,>20 a national study
with higher percent population coverage can better describe regional variation by race/
ethnicity.

The purpose of this study is to describe racial and ethnic differences in pediatric brain and
CNS cancer survival by utilizing newly available data from the Centers for Disease Control
and Prevention’s National Program of Cancer Registries (NPCR) and to better understand
the impact of demographic and clinical factors on racial and ethnic differences in survival.
An analysis of pediatric brain and CNS cancer survival using recent data, higher population
coverage than past studies, and data on Hispanic versus non-Hispanic ethnicity could help
researchers better understand differences in survival based upon race and ethnicity and
identify target areas for monitoring and intervention to address health disparities.
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2| METHODS

2.1| Data

Survival data were available from cancer registries affiliated with the Centers for Disease
Control and Prevention’s NPCR November, 2016 submission.?! Data were abstracted from
patient medical records and were collected from 34 NPCR central cancer registries that met
the publication criteria for inclusion in United States Cancer Statistics22 and conducted
linkage with the National Death Index or conducted active patient follow-up. The state
cancer registries included in the analysis were from Alabama, Alaska, Arizona, California,
Colorado, Delaware, Florida, Georgia, Idaho, Illinois, Indiana, Kansas, Kentucky, Louisiana,
Maine, Maryland, Michigan, Minnesota, Mississippi, Montana, Nebraska, New Hampshire,
New Jersey, New York, North Carolina, North Dakota, Oregon, Pennsylvania, Rhode Island,
South Carolina, Vermont, West Virginia, Wisconsin, and Wyoming. These data cover 67% of
the US population.

This study includes patients with brain and CNS cancer diagnosed at <20 years of age. Brain
cancer was defined by /nternational Classification of Diseases for Oncology, Third Edition
(ICD-0-3) codes.?3 Anatomic status (Supplementary Table S1) and malignant histology
(Supplementary Table S2) ICD-O-3 codes were grouped as has been done previously by the
Central Brain Tumor Registry of the United States,24 except lymphoma and other
hematopoietic neoplasms were excluded from this study. Only malignant tumors were
included in our analysis as defined by a behavior recode value of 3.25 Only microscopically
confirmed cancer cases were included in accordance with NPCR survival database protocol.
Patients with multiple cancers were included in this study only if the first primary diagnosis
was a brain and CNS cancer. Patients with unknown sex, age, race, or ethnicity and those
identified solely on the basis of a death certificate or autopsy were not included in the
dataset. To improve the quality of cause-specific survival analysis, 30 patients were excluded
that were associated with two cancer diagnoses and also had a cancer-related cause of death,
as study authors could not verify which of the two cancers was the cause of death. Two
additional patients with discrepant behavior codes were excluded.

2.2 | Analysis

Using state-specific annual US life tables stratified by sex and race/ethnicity (all races, non-
Hispanic white, non-Hispanic black, Hispanic, non-Hispanic Asian/Pacific Islander, and
non-Hispanic American Indian/Alaska Native), obtained from the National Center for
Health Statistics,26 we calculated 1-, 3-, and 5-year relative survival for patients with brain
and CNS cancer diagnosed during 2001-2008 with follow-up through December 31, 2013.
Relative survival is the ratio of the observed all-cause survival in a group of individuals with
cancer to the expected all-cause survival of a similar group of individuals who do not have
cancer.27.28 Syrvival time for each patient was calculated using date of start of follow-up
(month, day, and year) as date of diagnosis and date of last follow-up (month, day, and year)
as date of death if the case was matched to the state death files or to the National Death
Index. Patients with data not linking to the state death files or to the National Death Index
were presumed to be alive at the end of the study period. Where day or month for date of
diagnosis, date of death, or date of last contact were missing, the full date was imputed using
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a standard algorithm.2® Relative survival for pediatric brain cancer was calculated using the
Ederer 11 method, by sex, age groups (0-4, 5-9, 10-14, and 15-19 years), race, ethnicity, US
census region, county-based economic status, stage (Summary Stage 2000), anatomic site,
and histology.30:31 Differences between relative survival estimates were made by
comparison of 95% confidence intervals (Cls), which allows for an informal, yet
conservative, comparison of estimates between two groups, as has been done previously.28

The non-Hispanic Asian/Pacific Islander and non-Hispanic American Indian/Alaska Native
categories were grouped together to create an “other, non-Hispanic” grouping. Additionally,
due to small sample sizes, anatomic sites C71.8, C71.9, and C75.1-C75.3 were analyzed
together as one “other brain” variable, and anatomic sites C30.0, C70.0-C70.9, C72.0-
C72.5, and C72.8-C72.9 were analyzed together as one “other CNS” variable. NPCR
grouped economic status into five categories, which included “attainment” (top 10% of US
counties), “competitive” (top 10+ to 25th percentile), “transitional” (25—75th percentile),
“at-risk” (bottom 10+ to 25th percentile), and “distressed” (bottom 10%), as is defined by
the Appalachian Regional Commission index-based county economic classification system.
32 The two lowest and two highest socioeconomic status levels were each combined due to
small sample sizes. Per the 2010 US Census, US counties and equivalent areas contained an
average population of 98 262 individuals, with a range of 82 individuals (Loving County,
TX) to 9.8 million individuals (Los Angeles County, CA).33 Relative survival analyses were
performed using SEER*Stat 8.3.4 (https://seer.cancer.gov/seerstat/).

Survival curves for race/ethnicity were generated using the Kaplan-Meier method. Statistical
testing for survival curves was performed using logrank test, and 95% Hall-Wellner
confidence bands®* were computed for each survival curve. A multivariable Cox regression
model was conducted to examine the effect of race/ethnicity adjusting for specific
sociodemographic (sex, age, region, and economic status) and clinical factors (stage,
anatomic location, and histology type) on 5-year cause-specific survival, where brain and
CNS cancer was reported as the cause of death. A brain and CNS cancer related cause of
death was defined by the cause of death cancer registry codes3® for “brain and other nervous
system,” “miscellaneous malignant cancer,” or “in situ, benign, or unknown behavior
neoplasm.” Patients with other causes of death during the follow-up period were censored
from date of non-cancer-related cause of death. Due to small sample sizes, in the
multivariable analysis, histology variables were grouped by larger categories (see
Supplementary Table S2 for detailed information). Adjusted hazard ratio (aHR) and 95%
Cls were generated for each of the variables in the model. A higher hazard ratio between
compared groups indicates a higher risk of death, with statistical significance determined at
P <0.05. Multivariable analysis and generation of survival curves were performed using
SAS Version 9.4,

RESULTS

During 2001-2008, 11 302 patients with primary brain and CNS cancers were identified
(Table 1). Of those, 54.4% were male, 32.6% were children aged 0-4 years, 66.4% were
non-Hispanic white, 12.2% were non-Hispanic black, and 17.3% were Hispanic.
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Overall 5-year relative survival was 75.5% (95% CI 74.7-76.3) (Table 2). Five-year relative
survival for non-Hispanic white patients (77.6%; 95% CI 76.6—78.5) was higher than the
relative survival for non-Hispanic black patients (69.8%; 95% CI 67.3-72.1), Hispanic
patients (72.9%; 95% CI 70.8-74.8), and patients in the other, non-Hispanic group (71.2%;
95% CI 66.9-75.1). Survival for non-Hispanic white patients was also higher than that for
all other race/ethnicity demographic groups of patients 1 and 3 years after diagnosis
(Supplementary Tables S3 and S4).

Non-Hispanic white patients had higher 5-year relative survival than non-Hispanic black
patients and Hispanic patients for both sexes. Five-year relative survival was highest among
patients aged 10-14 compared to that of all other age groups studied; 5-year relative survival
was higher for non-Hispanic white patients compared to non-Hispanic black patients among
the 0-4, 5-9, and the 10-14 year age groupings, and was higher for non-Hispanic white
patients compared to Hispanic patients among patients aged 0—4 years. By US census
region, 5-year relative survival was highest in the Midwest and Northeast US census regions
and was higher among non-Hispanic white patients compared to non-Hispanic black patients
in the South, and higher among non-Hispanic white patients compared to Hispanic patients
in the Midwest. By economic status, 5-year relative survival differences by race and
ethnicity were only seen in the middle 25-75% of counties.

By cancer stage, the majority (73.2%) of cancers were localized, 12.1% were regional, and
7.1% were distant. Cancers with a distant stage had the lowest survival. For children and
adolescents with localized brain cancers, non-Hispanic white patients had higher 5-year
survival than all other race/ethnicity categories. For patients with regional disease, non-
Hispanic white patients had higher relative survival than non-Hispanic black patients.
Survival estimates by race/ethnicity among children and adolescents with distant disease had
overlapping 95% Cls.

By anatomic site, cancer in the cerebellum had the highest 5-year relative survival. Relative
survival was higher among non-Hispanic white patients for cancer specific to a specific
cerebral lobe (ICD-0-3 codes C71.1-C71.4) compared to non-Hispanic black patients, for
ventricular cancer (ICD-O-3 code C71.5) compared to other non-Hispanic patients, and for
other brain (ICD-0O-3 codes C71.8-C71.9) compared to non-Hispanic black patients. By
histology, 5-year relative survival was highest among patients with pilocytic astrocytomas.
Five-year relative survival was higher among non-Hispanic white patients compared to non-
Hispanic black patients for patients with pilocytic astrocytomas and peripheral
neuroectodermal tumor, and was higher among non-Hispanic white patients compared to
Hispanic patients for ependymal tumors. Medulloblastoma had higher 5-year survival among
non-Hispanic black patients compared to non-Hispanic white patients, but the 95% Cls
overlapped.

Plotted survival curves (Figure 1) illustrate cause-specific survival in the 5 years after
diagnosis. The 95% Hall-Wellner confidence bands do not overlap between non-Hispanic
white patients and non-Hispanic black patients (Figure 2A) and non-Hispanic white patients
and Hispanic patients (Figure 2B), starting just after the 1-year mark after diagnosis.
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Cox regression analysis of cause-specific 5-year survival of children and adolescents with
brain and CNS cancer showed that patients diagnosed at ages of 5-9, 10-14, and 15-19
years had a lower risk of death than patients diagnosed at ages 0—4 years (Table 3). Non-
Hispanic black patients had a higher risk of death at 5 years compared to non-Hispanic white
patients (aHR 1.2, 95% CI 1.1-1.4). Patients diagnosed in the Midwest had a lower risk of
death than patients diagnosed in the Northeast. Patients in the top 75% of counties by
economic status had a lower risk of death than those in the bottom 25% of counties. Patients
with regional and distant cancer had higher risk of death at 5 years than those with localized
cancer. Cancer confined to a specific lobe had lower risk of death compared to all other
anatomic groups except for the “other CNS” group, and low-grade gliomas had a lower risk
of death compared to all other histology groupings.

DISCUSSION

This study describes pediatric brain and CNS cancer survival by sociodemographic and
clinical factors using recent national survival data. Non-Hispanic white patients had the
highest relative survival overall when compared to non-Hispanic black patients, Hispanic
patients, and other non-Hispanic patients. Non-Hispanic black race/ethnicity was an
independent risk marker for worse 5-year cause-specific survival compared to that of non-
Hispanic white patients after adjusting for other factors.

This study’s finding of worse survival among non-Hispanic black patients mirrors past
reports of racial survival differences in pediatric brain cancer drawn from older and smaller
datasets*12.14.18 or of older age groups.1%:17 This study is consistent with some,12:3¢ but not
all, 18 past reports in that pediatric astrocytoma has worse survival among black patients (or
non-Hispanic black patients). Discrepancies between our study and past reports might occur
because of differences in population coverage, study year, or ability to control for associated
factors such as treatment regimen. Our study demonstrated difference in survival based upon
race and indicated worse survival among non-Hispanic black patients with pilocytic
astrocytoma and primitive neuroectodermal tumor. Other cancer histology types, such as
medulloblastoma, did not show a racial difference in survival by informal comparisons using
95% Cls.

Five-year relative survival was lower among Hispanic patients than among non-Hispanic
white patients when comparing 95% Cls, but the multivariable analysis did not find a
significant survival difference between these two groups. Differences in survival after
pediatric brain cancer diagnosis by ethnicity have been previously reported in older or
smaller studies.*14:15 Austin et al’s study of racial and ethnic differences among pediatric
patients with brain and CNS cancer in Texas showed worse 5-year survival among Hispanic
patients.14

Five-year relative survival differences by race and ethnicity were present for patients with
local and regional stage cancer but not for those with distant cancer. With respect to location,
non-lobe-specific cancers of the cerebrum (ICD-O-3 code C71.0) and brain stem cancer
(ICD-0-3 code C71.7) had the lowest 5-year relative survival, which is consistent with
current knowledge.> Among histology classifications, low-grade gliomas had the highest 5-
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year relative survival and high-grade gliomas and atypical teratoid rhabdoid tumor had the
lowest relative survival, which is consistent with past reports.>16 Survival based upon age of
diagnosis is variable depending on histology type,>12:36-38 pyt showed 5-year survival
differences here by race and ethnicity only for patients aged 0-14.

Higher mortality in minority populations with different types of cancer in the United States
has been linked to both low socioeconomic position and decreased access to care.3940
Specifically, previous studies looking at racial and ethnic disparity in adults with brain
cancer reported that black patients are less often treated by high-volume providers compared
to white patients and have higher complications after brain surgery, which might result in
worse outcomes.4041 Racial and ethnic disparity in access to neurooncological surgery has
been reported in pediatric patients, although decreased access among black patients was not
statistically significant.#2 Additionally, among pediatric patients with brain and CNS cancer,
Hispanic patients present at a more advanced stage than that of non-Hispanic white patients,
14 which might be due to differences in access to care. Some groups of minority patients are
also less likely to be enrolled in clinical trials, which might contribute to worse survival.40:43
While lower socioeconomic position has been associated with higher mortality in some, but
not all studies,1419:39:44 our study illustrated racial and ethnic differences in survival within
the same economic status (Table 2).

Racial and ethnic differences in brain cancer survival could also be related to differences in
tumor biology, as past reports have described variation in tumor biology due to race,
although the clinical significance is yet to be fully understood.*? Racial and ethnic
differences in drug metabolism, among other host-response factors, might explain additional
variation in outcomes.*®

Geographic differences in cancer incidence have been previously documented in the United
States and Europe using population-based cancer registries.>2046 Geographic differences in
survival, similar to incidence, might be related to genetic, environmental, economic, or
social factors.”-20:47 This study found relative survival differences between non-Hispanic
white and black patients in the South and between non-Hispanic white patients, Hispanic
patients, and other non-Hispanic patients in the Midwest. Additional research is needed to
better understand the effect of geography on racial and ethnicity-based differences in cancer
survival while adjusting for other sociodemographic and clinical variables.

The racial/ethnic distribution of cases in this study was 66.4% white non-Hispanic, 12.2%
black non-Hispanic, 17.3% Hispanic, and 4.1% other non-Hispanic, whereas the US Census
Bureau estimates that 60.7% of children aged 0-17 in the United States are hon-Hispanic
white, 13.4% are black (of any ethnicity), and 18.1% are Hispanic.*® Of individuals aged 0-
19 years in the United States diagnosed with brain and CNS cancer during 2001-2008,
66.4% were non-Hispanic white, 11.6% were non-Hispanic black, 16.7% were Hispanic,
and 5.3% were other non-Hispanic races.*? Because pediatric cancer incidence rates differ
by race, ethnicity, and geography,>-20 treatment needs and outcome evaluation might not
always reflect the racial and ethnic demographics of individuals without cancer in the
specific state or region.
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This study utilized new NPCR data to describe outcomes of pediatric brain and CNS cancer
by race and ethnicity with greater population representation than has been available
previously. These data allowed for a more detailed categorization by race, ethnicity,
geography, and socioeconomic status as well as anatomic sites and histology classifications.
However, this study has several limitations. As with any study that uses NPCR, data might
contain misclassification of patient demographics such as race, ethnicity, and socioeconomic
position.>0 Second, this database included only county-based economic status, and therefore
the analysis did not account for individual measures of economic status such as insurance
status and household income. Third, analyses were limited to microscopically confirmed
cases to reduce misclassification of tumor descriptive elements such as anatomic site and
histology. However, as a result, patients with brain cancer diagnosed without pathological
confirmation (eg, patients with radiographically diagnosed cancers) were not included in this
study. Fourth, other factors that might differentiate groups of patients with cancer, such as
treatment, molecular testing, and presence of comorbidities (eg, asthma, endocrinopathies),
were not available for analysis. However, relative survival accounts for factors impacting all-
cause survival for each racial/ethnic group of individuals with and without cancer.2 Fifth,
given the rarity of pediatric brain cancer, survival data were sometimes calculated with small
numbers. Because of the sample size, a detailed breakdown of grade, as well as American
Indian/Alaska Native or Asian/Pacific Islander populations, was not performed here. Finally,
because this study assumes patients are alive if their death was not linked to the National
Death Index or they were not actively followed, there is a potential to overestimate survival,
29,51 the magnitude of which might differ by race and ethnicity.>?

This study demonstrated survival differences by race and ethnicity in patients with pediatric
brain and CNS cancer. Given these differences in survival, several possible root causes need
to be examined. These causes might include treatment type, health insurance status,
proximity to care, economic barriers, quality of care, health literacy, clinical trial enroliment,
and host or tumor genetic factors. Systemic inequality has been identified as a factor
affecting outcomes in other medical fields.53:54 Identifying whether systemic inequality
impacts outcomes for pediatric patients with brain and CNS cancer may help health-care
providers identify actionable solutions. Further research is critical for identifying and
implementing potential effective interventions that could improve long-term outcomes.
Potential interventions might include policies that increase access to care among
underserved groups and outreach efforts to increase clinical trial enrollment among minority
populations.49:55:56 Cancer control planners could develop and evaluate public health
interventions to better address the factors influencing disparity of outcomes by race and
ethnicity for children and adolescents with brain and CNS cancer. Continued surveillance of
survival differences by race and ethnicity using population-based cancer registry data is
essential to monitor survival disparities and for gauging the effectiveness of interventions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Cause-specific survival of patients with pediatric brain and central nervous system cancer,

United States, diagnosed during 2001-2008; survival is displayed among non-Hispanic
white patients, non-Hispanic black patients, Hispanic patients, and other, non-Hispanic
grouping. P-value indicates logrank test
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Cause-specific survival of patients with pediatric brain and central nervous system cancer,
United States, diagnosed during 2001-2008, displayed with 95% Hall-Wellner confidence
bands; the 95% Hall-Wellner confidence bands are represented by shaded areas around each
line and extend to the last event times for each racial/ethnic group. P-value indicates logrank
test. (A) Survival of non-Hispanic white patients compared to non-Hispanic black patients;
(B) survival of non-Hispanic white patients compared to Hispanic patients; (C) survival of

non-Hispanic white patients compared to the other, non-Hispanic grouping
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Demographic characteristics of pediatric brain and central nervous system cancer cases, United States, cases
diagnosed during 2001-2008°

Characteristic

Total

Sex

Age (years)

Race/ethnicity

US census region

Economic status by countyc

Stage

Anatomic site

Histologyd

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.

Characteristic Subgroup

Male

Female

0-4

5-9

10-14

15-19

White, non-Hispanic
Black, non-Hispanic
Hispanic

Other, non-Hispanic
Northeast

Midwest

South

West

Bottom 25%
25-75%

Top 25%

Localized

Regional

Distant

Unknown

Lobe

Cerebrum

Ventricle
Cerebellum
Brainstem

Other brain

Other CNS
Pilocytic astrocytoma
Diffuse astrocytoma

Anaplastic astrocytoma

Unique astrocytoma variants

Glioblastoma

Oligodendroglioma

Anaplastic oligodendroglioma

Oligoastrocytic tumors

Ependymal tumors

No.

11302
6153
5149
3687
2818
2560
2237
7506
1378
1951
467
2545
2495
3332
2930
1457
6723
2806
8273
1371
808
850
2348
915
642
2 956
1438
2083
920
3480
1196
355
213
541
281
52
173
988

%
100
54.4
45.6
32.6
24.9
22.7
19.8
66.4
12.2
17.3
41
22.5
22.1
29.5
25.9
12.9
59.5
24.8
73.2
12.1
7.1
7.5
20.8
8.1
5.7
26.2
12.7
18.4
8.1
30.8
10.6
3.1
1.9
4.8
2.5
0.5
15
8.7
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Characteristic

Characteristic Subgroup

Glioma malignant, not otherwise specified
Choroid plexus tumors

Neuronal and mixed neuronal glial tumors
Medulloblastoma

Peripheral neuroectodermal tumor
Atypical teratoid/rhabdoid tumor

Other embryonal tumors

Tumors of meninges

Germ cell tumors and cysts

Unclassified tumors

No.

548
105
97
1680
558
288
227
114
307
69

%b

4.8
0.9
0.9
14.9
4.9
25
2.0
1.0
2.7
0.6

Page 16

a . . I - . . . .
Data were compiled from 34 population-based registries that participate in the Centers for Disease Control and Prevention’s National Program of

Cancer Registries, and meet high-quality data criteria. The registries in the Survival Analysis Dataset cover approximately 67% of the US

population. For more information, see US Cancer Statistics technical notes (http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/

survival.htm).

b . . .
Percentage is calculated with the denominator of 11,302.

cEchudes 316 missing cases.

dEchudes histology categories with <16 cases.

CNS, central nervous system.

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.


http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm
http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm

Page 17

Siegel et al.

(0's.-0'2y) L°09
(5'22-8'65)9'69

(€'98-L'18) T'€L
(529-5'2€)L°€S
(e'€L-8'LY) 6'T9
(6'82-269)972

(9°2,-929) 8°0L
('9.-259)2 1L
(9°08-299)¥°0L

(T'5.-9'€9)8'69
(L18-T'6%)C2L
(e'2L-L8Y) L'19
(0'88-L'1.)¥'18

(0'82-285) 569
(6'08-L'79) 8'€L
(e°'58-8'69)2'8L
(02L-T'L9)T'59

(L'€/-9'T9)T'89
(€'6,-289) €L

(1'52-6'99)2°'TL
(109%656)sd

€€
S0T

9¢
114
S5
Sve

ort
95¢
PAS]

0S¢
19
59
16

88
it
80T
LST

8¢¢
6eC

L9y
‘ON
L9

= N o1uedsiH-UON 43Yy10

(52929709
(L°20-189) G°€L

(6'9,-8'19)T'0L
(€°09-T'v¥) 52§
(L'v9-9€S) ¥'65
(r08-0'92) €82

(L'9,-029) 22l
(Tos~z1LelL
(272-€19)9'69

(T'v2-9'89) ¥'1L
(T18-v2TLL
(7'9.-5'79)6'0L
(5'8.-6'89) T'vL

(£'6.-5'69) 8'vL
(0'e8-0'GL)E6L
(8'8.-TTL)TSL
(5'0.-6'€9) ¥'L9

('9.-901)9°€L
(8v.-1'69)C2L

(8'7.-80L)62L
(109%656)sd

191
¢Le

534
SPT
c0¢
T9ET

9¢e
LleT
veE

6E0T
09€
9¢¢
9¢e

90€
06€
€8y
¢LL

€06
8v0T

196 T
‘ON

156 T = N oluedsiH

(r'19-€vv)es
(T'5-5¥9)T°0L

(0°08-0'79) 6'2L
(0'85-¢'2€) 08y
(9'29-T'L¥) €56
(z9-L0L) 9€L

(6'9.-8'€9)6°0L
(62.-6'99)0°0L
(5'e2-729)€'89

(0'e8-6'89) 8'9L
(T'69-1'29) 8'59
(8'8.-6',9) 8'€L
(6LL-T'19) 0'EL

(S18-T'1L) 8'9L
(T'82-6'29) ¥'€L
(S'v.-0'39)T'0L
(9'29-6'85)¥'€9

(1'5.-2'89)8'TL
(ZTL€79)6'L9

(1°2,-€'29) 8'69
(109656)sd

0€T
4314

114
88
8ST
T10T

88T
806
cLe

wi
91L
15¢
¥9¢

85¢
T6¢
09¢
697

€99
172

8LET
‘ON
8.€

T = N oluedsiH-uoN “oe|g

(8'89-T'T9)T'S9
(6'6.-2'G1)6'LL

(r'18-G'v.)2'8L
(1°95-L'2%) 0'2S
(2'69-6'29) T'99
(L'z8-L'08) L'18

(L8L-161) 022
(06.-692) 8°LL
(T'6/-T'€L)€9L

(0'82.-9'€1) 6'GL
(062-t75L) €11
(0'18-v'L0)Z'6L
(€'62-6'G1) §'LL

(9°08-5'92).'82
(5'e8-8'6L) L'18
(€°08-5'92) G'8L
(9v.-0'TL)8'2L

(26.-1'92) 6'LL
(9'8,-092) €11

(5°82-9'92)9LL
(10 9%%56) sH

165
6/ST

099
Y€
958
955 9

414
8y
¥6.

00ST
S6T ¢
JAGH )
798 1

G8S T
S9LT
19871
68¢¢

§GE €
1514

90§ L
‘0N
905

L = N O1UedsIH-UON ‘@HYM

(5'59-2'69)7'29
(9°2.-Tv1)6'SL

(L'8,-6'22) 6'GL
(T'95-2'8¥)L'1S
(2'59-9'09) ¢'€9
(2'08-0'62) 6'6L

(€2.-Tv1)LSL
(L9L=Lv2) L'SL
(zsz-r01) o€l

(v'si-zeL) €L
(Tos—ecel)LvL
(T6,-8GL) SLL
(€'8,-0'GL) L'9L

(z'6,-8'51)9'LL
(9'18-5'81)T°08
(r'8L-2'GL) 8'9L
(9'72-2'89) 2'0L

(TLL-LvL) 6'SL
(€9.-Tv1)TsL

(e9/-Lv1) SSL
(10%56)SY

S16
8vE ¢

058
808
TET
€L¢8

908 ¢
€¢L9
JASI A

0€6 ¢
(A%
S6v ¢
S¥S ¢

Lgc¢
095 ¢
818¢
189 €

6v1 S
€9T 9

¢0E 1T
‘ON

Ie10L

wnigaia)
3go

a}IS JlWoleUY
umouun
welsig
|euoibay
pazi|eso

abeis
%Ge dolL
%G.-G¢
%S¢ wonog

mbz:S Aq snyeys o1wouod3

1S9\
ymnos
1S8MPIN
1SeayLION
uoifaJ snsuad SN
6T-9T
y1-0T
6-9
-0
(s1eak) aby
alewaS
3eIN
NE
[eloL

ansiIsIoRIRYD

800¢

—T00z Bulinp pasoubelp sased ‘saye1s panun ‘A11o1uy1a/aaes Aq pue [[eJsA0 Jadued WaISAS SNOAIBU [R4IUSD puR uleiq d1eIpad JO [RAIAINS SAITR|3) Jeak-anlH

Author Manuscript

¢ 3149vL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2020 February 01.

1

Pediatr Blood Cancer. Author manuscript



Page 18

Siegel et al.

(WY [eAIAINS/SPOYIBLL 1RIS/S810U ™ [201Uy08)
/s0sNn/10du/139UB3/A0B 0P MMM/ d11U) S8I0U [BIIULYIS) SONSIIRIS J80UBD S 89S ‘UOHEBWLIOUI 310w 104 "uone|ndod SN 8y} J0 9%/ 9 Afarewixoidde 1aA0d 18sereq SISA[RUY [BAIAING 8Y) Ul SBLIIsIBal
3y euia0 erep Aupenb-ybiy 19aw pue ‘salisiBay Jaoue) Jo Wieifold [euoneN s,UONUSASId pue |0U0D aseasid 104 S1aiua) ayp ul axedionued yeyy satnsiBal paseq-uoneindod € wouy pajidwod aiam ereq

“[eAIAINS BAIIRIA] ‘SY ‘WBISAS SNOAIBU [BJIUAD ‘SND ‘[RAIBIUI 8OUBPIIUOD ‘1D

- - - - (e'18-6'7€) L'29 9T (LoL-zew) 628 Sy (r'L9-Tvy) L'9S 69 siowiny paiyisse|oun
(T'96-T°0L)5'.8 2 (968-8TL) 98 L (T'86-5'2)v'26 92 ('88-2'2L) 9'€8 6.1 (2'88-008) 978 L0€ S1sA0 pue siowny |13 WD
- - (re8-LL8) 819 LT ~ - (5'89-¢'L¥) L85 28 (90.-829) ¥'29 YIT safutua Jo siowny
- - (6'98-989) 2'SL - (T'2L-0'TY) €85 8¢ (0'62.-€'79) 52 vwT  (8'G.-6'€9) €0L 122 siowny [euoAiquia JaYIO
- - (eerv61)0TE - (5'62-v'2) 891 [A7 (L'9e-¢'€2) 6'6C 8.1 (872€-622) G/ 88¢ Jown) piopgey./piozessy [ed1dAry
(5'76-2'8T)S'1E 6c  (LT9-TYhves et (8'sv-v'ee)rve L9 (9'26-0'1%) 2 ove (9€5-€'Sh) 9'6¥ 855 Jown) [ewapo)daoinau [esaydiiad
(7'8.-7'85) 9'69 28 (rvi-Tv9)L69  TIE (7'08-8'99) €L 29T (0'.-8'69) 52 veTT (Tv.-869)02. 08971 ewo3se|qoINpaN
slown
- - - (rv6-L95) 5'€8 81 (8'28-229) 8'6L v9  (€98-0'0.) 9°6L 16 2116 [eUOINAU PaXIW PUE [BUOINSN
- - (1'eg-€29) L'oL ve - - (e'22-6'9%) 6'09 95  (6'89-2'05) 2'09 S0T siowm snxad p1oioyd
paiy10ads
(e'9.-z'€€) 0°8S 6T (0VL-€€9) L¥9 28 (6:0L-2'L¥)T°09 9 (r'5L-299) T'TL 28e  (T2L-€v9) ¥'89 8vs asIMIBL10 10U ‘JueUBIjew BWolD
(€'06-£'89)T28 05 (GoLv.9¥v9  L0Z (8'9.-2'09) 569 LeT (9'28-2'92) 9'6. v09 (8'LL-vTL)EsL 886 siown) [ewApusd3
- - (0s6-€09)1'S8 (14 - - (L'98-8'12) 8'6. 2€T  (8'98-8'€L) 9°08 €T siown} ankooseohi|o
- - - - - (8'69-7'9€) L'vS ee  (T'65vee) eov 14 ewolGospuspobi|o dnse|deuy
- - (L'86-508)8'76 - (7',6-6'9.)T26 L (v',6-0'16)2'56 00z (L'96-0'T6) 576 182 ewol|Boipuspobi|o
(6'2e-v'2) ¢'81 ee  (9ee-8'sT)T Ve 8 (L'ez-¢6)LGT 96 (z9z-¢11) 9'12 Gee  (€v2-9'L1) 8'0C TS ©euwolse|qol|D
- - (0g8-L99)8°€L - (r'68-€'€9)L'6L 6€ (L€8-€69) ' LL 2eT  (eze-600) ¢ LL €TC sjueLIeA BLI0}Ao0SE anbiun
- - (erLe-L91) 992 - (L'ze-9'0T)S'02 6v (e'5e-5'€2) £'62 9zc  (Tze-6Ca)vle ase ewoikoosnse onse|deuy
(8'€6-2'21)9'98 v (9'28-991)828 S8BT (0'28-L'29)L'GL 42 (6'58-8'08) 9'€8 Ge8  (L'v8-€08)9¢8  96TT ewoikoolise asnyid
(9°66-8'26)€'86 01T (026-€€6)5G6  8€ES (€'96-9'16)7'v6 60v (8'26-596) 2'L6 eeve  (¢L6-096)L'96 08V € BW0}A0.158 911K90]1d
Q>mo_9m__._
(1'88-5'79) §'8L e (ev8-voL) 8L 92T (€08-T'v9) 2'eL 811 (T's8-c6L)r'e8 6c9  (0'€8-8'24) 508 026 SNO J8y10
(9°8-€'29) 08 18 (98,169 vv.  viE (6'€,-0°€9) 8'89 98¢ (reL-6v.) 2Ll et (Wll-1'€1)9SL  €80¢ ureiq 18y1o
(6'v.-9'6%) L'€9 S5 (c69-L'29)8€9 192 (9'29-9'29)9'09 91 (T'2L-2'99) 2'69 256 (r69-9v9) 029  BEVT weisurelg
(z'28-v'19) L'GL 76T (0'€8-0'92)8'6L 91§ (7'v8-5'GL)¥'08 L€ (e'98-0'28).€8 2667 (1'€8-6'08)€28  956¢ wn|[agaIs)
(€'69-€'1€)T'2G Gz (Lv.-6'89)G.9  GET (8'6.-6'85)L0L L (T18-62L)ELL Ty (8'9.-6'69) G€L 9 3JOLIUA
(10%56)sd ‘ON (10%56)sd ‘ON (10%56)sd ‘ON (1D %56) sH ‘ON (10%56)S4 ‘ON onsiIRORIRYD
= N djuedsiH-uoN ;m%ﬁw 166 T = N dluedsiH T = N 91uedsIH-UON ,v_ow_m L = N dluedsiH-uoN _B_Nwﬁ [eloL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2020 February 01.

1

Pediatr Blood Cancer. Author manuscript


http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm
http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm

Page 19

Siegel et al.

$9SB2 9T> UM saliofaed ABojoisiy mwvs_uxm_Q

'sased BuIssIW 9TE s3pnoxa,,

*o1uedsIH-uouU ‘Jay10 10 ‘d1uedsiH ‘Yoe|q dtuedsiH-uou 03 alym dluedsiH-uou Buriedwod usym S| %S6 Buiddejianouou sayedlpul pjog

‘passaiddns
SI 1192 316uIs © 41 passaiddns ag Isnw S||32 [eUOIIPPE S10W IO SUO 10) SUN0I—Sa|nJ uoissaiddns |89 Arejusws|dwod sainsIfiay 1aoue) Jo welbold [euoieN Jad "Sased 9T> YHM [|82 Aue sessaiddns

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Siegel et al.

TABLE 3

Page 20

Risk factors for 5-year survival difference by race in children and adolescents with brain and central nervous

system cancer, United States, cases diagnosed during 2001-2008

Risk Factor
Sex
Male

Female

Age of diagnosis (years)

0-4

5-9

10-14

15-19
Race/ethnicity

White, non-Hispanic

Black, non-Hispanic

Hispanic

Other, non-Hispanic

US census region
Northeast
Midwest
South
West

Economic status
Bottom 25%
25-75%
Top 25%
Unknown

Stage
Localized
Regional
Distant
Unknown

Anatomic site
Lobe
Brainstem
Cerebrum
Other CNS
Other brain
Ventricle
Cerebellum

Histology

Low-grade glioma

Hazard Ratio

Reference

0.96

Reference
0.68
0.66
0.77

Reference
1.24
1.02
1.14

Reference
0.76
1.02
1.06

Reference
0.87
0.78
117

Reference
1.50
2.04
0.98

Reference
2.08
1.94
0.73
1.32
1.32
1.19

Reference

95% ClI

0.89-1.05

0.60-0.76
0.58-0.75
0.70-0.86

1.10-1.40
0.91-1.14
0.94-1.38

0.66-0.87
0.91-1.15
0.94-1.19

0.77-0.98
0.68-0.90
0.86-1.60

1.34-1.67
1.79-2.32
0.83-1.16

1.80-2.40
1.67-2.26
0.59-0.91
1.15-1.52
1.08-1.61
1.01-1.40

P-value

0.362

<0.001
<0.001
<0.001

<0.001
0.784
0.185

<0.001
0.723
0.380

0.021
<0.001
0.312

<0.001
<0.001
0.818

<0.001
<0.001
0.004
<0.001
0.006
0.041
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Risk Factor Hazard Ratio  95% ClI P-value
High-grade glioma 21.37 18.33-24.91 <0.001
Ependymoma 3.37 2.80-4.06 <0.001
Medulloblastoma 4.21 3.55-5.01 <0.001
Other 5.87 4.95-6.95 <0.001
Other glioma 4.76 3.98-5.69 <0.001
Peripheral neuroectodermal tumor ~ 8.27 6.88-9.93 <0.001

ClI, confidence interval; CNS, central nervous system.
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Data were compiled from 34 population-based registries that participate in the Centers for Disease Control and Prevention’s National Program of

Cancer Registries, and meet high-quality data criteria. The registries in the Survival Analysis Dataset cover approximately 67% of the US

population. For more information, see US Cancer Statistics technical notes (http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/

survival.htm).

Significant findings are in bold.

Pediatr Blood Cancer. Author manuscript; available in PMC 2020 February 01.


http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm
http://www.cdc.gov/cancer/npcr/uscs/technical_notes/stat_methods/survival.htm

	Abstract
	INTRODUCTION
	METHODS
	Data
	Analysis

	RESULTS
	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2
	TABLE 3

