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European genetic ancestry associated with risk of 
childhood ependymoma

  

Chenan Zhang, Quinn T. Ostrom , Helen M. Hansen, Julio Gonzalez-Maya, Donglei Hu ,  
Elad Ziv , Libby Morimoto , Adam J. de Smith, Ivo S. Muskens, Cassie N. Kline, Zalman Vaksman , 
Hakon Hakonarson , Sharon J. Diskin , Carol Kruchko, Jill S. Barnholtz-Sloan , Vijay Ramaswamy , 
Francis Ali-Osman, Melissa L. Bondy, Michael D. Taylor, Catherine Metayer, Joseph L. Wiemels,† and  
Kyle M. Walsh†

Department of Epidemiology and Biostatistics, University of California San Francisco, San Francisco, California, USA (C.Z., 
K.M.W.); Department of Medicine, Section of Epidemiology and Population Sciences, Dan L. Duncan Comprehensive 
Cancer Center, Baylor College of Medicine, Houston, Texas, USA (Q.T.O., M.L.B.); Central Brain Tumor Registry of the United 
States, Hinsdale, Illinois, USA (Q.T.O., C.K., J.S.B-S.); Department of Neurological Surgery, University of California San 
Francisco, San Francisco, California, USA (H.M.H., J.G-M.); Division of General Internal Medicine, Department of Medicine, 
University of California San Francisco, San Francisco, California, USA (D.H., E.Z.); School of Public Health, University 
of California Berkeley Berkeley, California, USA (L.M., C.M.); Center for Genetic Epidemiology, University of Southern 
California, Los Angeles, California, USA (A.J.d.S., I.S.M., J.L.W.); Division of Pediatric Hematology/Oncology, Department 
of Pediatrics, University of California San Francisco, San Francisco, California, USA (C.N.K.); Department of Neurology, 
University of California San Francisco, San Francisco, California, USA (C.N.K.); Department of Biomedical and Health 
Informatics, Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, USA (Z.V., SJ.D.); Center for Applied Genomics, 
Children’s Hospital of Philadelphia, Philadelphia, Pennsylvania, USA (H.H.); Department of Pediatrics, Children’s Hospital 
of Philadelphia and Perelman School of Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA (H.H., 
S.J.D.); Department of Population and Quantitative Health Sciences and Case Comprehensive Cancer Center, Case Western 
Reserve University School of Medicine, Cleveland, Ohio, USA (J.S.B-S.); The Arthur and Sonia Labatt Brain Tumor Research 
Centre, The Hospital for Sick Children, Toronto, Ontario, Canada (V.R., M.D.T.); Department of Neurosurgery and Duke 
Cancer Institute, Duke University School of Medicine, Durham, North Carolina, USA (F.A-O., K.M.W.)

†Co-senior authors.

Corresponding Author: Kyle M. Walsh, DUMC Box 3050, Durham, NC 27710 (Kyle.Walsh@Duke.edu).

Abstract
Background. Ependymoma is a histologically defined central nervous system tumor most commonly occurring 
in childhood. Population-level incidence differences by race/ethnicity are observed, with individuals of European 
ancestry at highest risk. We aimed to determine whether extent of European genetic ancestry is associated with 
ependymoma risk in US populations.
Methods. In a multi-ethnic study of Californian children (327 cases, 1970 controls), we estimated the proportions 
of European, African, and Native American ancestry among recently admixed Hispanic and African American 
subjects and estimated European admixture among non-Hispanic white subjects using genome-wide data. We 
tested whether genome-wide ancestry differences were associated with ependymoma risk and performed admix-
ture mapping to identify associations with local ancestry. We also evaluated race/ethnicity-stratified ependymoma 
incidence data from the Central Brain Tumor Registry of the United States (CBTRUS).
Results. CBTRUS data revealed that African American and Native American children have 33% and 36%, respec-
tively, reduced incidence of ependymoma compared with non-Hispanic whites. In genetic analyses, a 20% increase 
in European ancestry was associated with a 1.31-fold higher odds of ependymoma among self-reported Hispanics 
and African Americans (95% CI: 1.08–1.59, Pmeta = 6.7 × 10−3). Additionally, eastern European ancestral substructure 
was associated with increased ependymoma risk in non-Hispanic whites (P = 0.030) and in Hispanics (P = 0.043). 

© The Author(s) 2020. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved. 
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Ependymoma is a histologically defined central nervous 
system tumor most commonly occurring in childhood, ac-
counting for 5.1% of childhood brain tumors.1 Similar to 
many childhood brain tumors,2 little is known regarding 
factors predisposing individuals to ependymoma risk aside 
from neurofibromatosis 2.3–5 Germline mutations in aden-
omatous polyposis coli, neurofibromatosis type 1 (NF1), 
and tumor protein p53 genes have also been linked to 
ependymoma,6–8 although a recent sequencing study in-
cluding ependymoma patients did not reveal any likely 
pathogenic germline mutations in known cancer predispo-
sition genes.9 Population-based epidemiologic studies sug-
gest that incidence rates differ across the world, with the 
highest rates in countries with individuals of predominantly 
European ancestry.10 These racial and ethnic differences are 
observed in the US, with higher rates in non-Hispanic white 
individuals compared with other populations.1 Potential ex-
planations for these incidence differences include varying 
underlying genetic or environmental risk factors and, poten-
tially, unequal access to medical imaging.

Although racial and ethnic differences in childhood 
ependymoma incidence are recognized, they have not been 
rigorously evaluated by tumor location or across histopath-
ological subgroups. Furthermore, whether these incidence 
differences can be attributed to genetic ancestry or to spe-
cific genetic loci has not been explored. To address this, 
we re-analyzed population-based registry data from the 
Central Brain Tumor Registry of the United States (CBTRUS) 
to explore racial and ethnic differences in childhood 

ependymoma incidence, including variation by histopath-
ological subgroup and tumor location. We next estimated 
genetic ancestry in a multi-ethnic population of California 
children with ependymoma and controls to assess asso-
ciations between ancestral fractions and ependymoma 
risk. Furthermore, we conducted admixture mapping 
to examine the association between local European an-
cestry and ependymoma risk. In addition to clarifying the 
role of genetic factors contributing to racial/ethnic differ-
ences in ependymoma risk, these results can inform future 
ependymoma genomic research by implicating candidate 
genes and pathways for further exploration.

Materials and Methods

CBTRUS Data Extraction Methods

Incidence data for ependymal tumors were obtained from 
CBTRUS, which includes incidence data from 100% of the US 
population11,12 and is obtained through a data release agree-
ment with the Centers for Disease Control and Prevention’s 
National Program of Cancer Registries. Average annual inci-
dence rates with 95% confidence intervals were generated for 
children 0–19 years old at time of diagnosis from 2000–2015, by 
race/ethnicity, tumor site, and specific ependymal histologies 
based on International Classification of Disease for Oncology 
(ICD-O-3) site, histology, and behavior codes using SEER*Stat 

Importance of the Study

Ependymoma incidence varies across racial/ethnic 
groups. We analyzed CBTRUS data and observed that 
African American and Native American children have 
significantly lower incidence of ependymoma compared 
with non-Hispanic whites. Although genetic factors have 
been speculated to contribute in part to these differences, 
no study to date has investigated this. Our multi-ethnic 

case-control study of childhood ependymoma found that 
greater genetically estimated European ancestry was 
associated with higher ependymoma risk among re-
cently admixed Hispanic and African American children. 
Furthermore, eastern European ancestral substructure 
was associated with increased ependymoma risk in non-
Hispanic whites and in Hispanics.

Admixture mapping revealed a peak at 20p13 associated with increased local European ancestry, and 
targeted fine-mapping identified a lead variant at rs6039499 near RSPO4 (odds ratio = 1.99; 95% CI: 1.45–
2.73; P = 2.2 × 10−5) but which was not validated in an independent set of posterior fossa type A patients.
Conclusions. Interethnic differences in ependymoma risk are recapitulated in the genomic ancestry of 
ependymoma patients, implicating regions to target in future association studies.

Key Points

1.  Childhood ependymoma is less common in African-Americans and Native 
Americans.

2.  Extent of European genomic ancestry increases childhood ependymoma risk.

3.  European ancestral substructure is associated with ependymoma risk in non-
Hispanic white children.
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software version 8.3.5, as previously described.13 All rates 
are standardized to the 2000 US population and reported per 
100 000 population. Incidence rate ratios were generated to 
compare incidence rates between racial/ethnic groups.14,15 This 
study was approved by the University Hospitals Cleveland 
Medical Center Institutional Review Board.

Study Participants

Since 1982, newborn blood samples from neonates born 
within California have been collected by the California 
Department of Public Health, Genetic Diseases Screening 
Branch, for the purpose of disease screening, with re-
maining samples archived at −20°C and made available 
for approved research. We linked statewide birth records 
for the years 1982–2009 to data from the California Cancer 
Registry (CCR) for diagnosis years 1988–2011. Included in 
this analysis are 327 ependymoma cases and 1970 con-
trols for whom we were able to retrieve a dried newborn 
bloodspot, representing a 95.1% retrieval rate. Cases were 
defined as those diagnosed with ependymoma before age 
20, per CCR record of ICD-O-3 codes 9391–9394. Histology 
was coded directly for cases diagnosed 2001 and forward, 
while cases coded prior to 2001 were forward-converted to 
ICD-O-3 codes by the CCR. All ependymoma cases in the 
subset that underwent genomic analyses of bloodspots 
had a microscopic confirmation of ependymoma (ie, tissue 
diagnosis). CCR data and CBTRUS data were aligned in 
terms of ICD-O codes to facilitate comparisons.

Controls were defined as children born in California 
during the same time period as the cases (1982–2009) 
and not reported to CCR as having childhood cancer. We 
ensured that the distribution of cases and controls was 
similar across years of birth via both graphical plots and 
Kolmogorov–Smirnov tests. All subjects were assigned to 
analytic subgroups based on self-reported race/ethnicity, 
abstracted from birth records data. The study was ap-
proved by the institutional review boards at the University 
of California Berkeley, the University of California San 
Francisco, the California Department of Public Health, the 
Hospital for Sick Children (Sick Kids), and the Children’s 
Hospital of Pennsylvania (CHOP). Details on the linkage 
and use of neonatal bloodspots for studying pediatric can-
cers have been reported previously.16

DNA Extraction and Genotyping

DNA was extracted from a one-third portion of a 12-mm 
dried bloodspot using the QIAamp DNA Investigator Kit 
(Qiagen), followed by addition of 280  µL of Buffer ATL 
and 20 µL of Proteinase K to each sample. Samples were 
vortexed and then incubated in a dry-bath shaker at 
900 rpm and 56°C for one hour. Samples were then briefly 
centrifuged, after which the lysate solution was trans-
ferred to a new 2 mL microcentrifuge tube, and the solid 
remnants discarded. One microliter of 1 ng/µL carrier RNA 
was added to the lysate, briefly vortexed, and placed in the 
Qiagen Qiacube automated work station for DNA isolation, 
yielding a purified DNA sample in ATE buffer.

DNA was genotyped on the Affymetrix Axiom World 
Array (LAT), followed by quality control procedures as 

previously described.16 In brief, we performed iterative call-
rate filtering for single nucleotide polymorphisms (SNPs) 
and samples by removing SNPs with call rates <92%, 
then samples with call rates <95%, then SNPs with call 
rates <97%, then samples with call rates <97%. Any SNP 
displaying significant departure from Hardy–Weinberg 
equilibrium P < 1.0 × 10−5 among non-Hispanic white con-
trols was excluded. Samples with mismatched reported 
versus genotyped sex were also excluded. Identity-by-
descent (IBD) analyses were performed in PLINK on 
cases and controls,17,18 with exclusion of one member of 
any sample pair that had an IBD proportion >0.18. Using 
genome-wide SNP array data from HapMap Phase 3 sam-
ples, we removed any sample showing evidence of mis-
matched ancestry, ie, >3 SDs from mean MXL, CEU, ASW, 
or EAS values on the first 3 principal components (PCs). 
Haplotype phasing was performed with SHAPEIT v2.79029 
and whole-genome imputation was carried out using the 
Minimac3 software19 with the 2016 release of the Haplotype 
Reference Consortium.20 Excluded were SNPs with impu-
tation quality (info) scores <0.60, posterior probabilities 
<0.90, and minor allele frequencies <0.01 in controls.

Estimation of Ancestry Proportions

We used the unsupervised algorithm in ADMIXTURE, as-
suming 3 ancestral populations (K = 3), to estimate the 
proportions of European, African, and Native American an-
cestry present among self-reported Hispanic and African 
American individuals. We ran the cross-validation proce-
dure in ADMIXTURE with 10-fold cross-validation for K 
values 1–6, observing the minimum cross-validation error 
to occur at K = 3. ADMIXTURE estimates global genetic an-
cestry using large autosomal SNP genotype datasets from 
unrelated individuals and a likelihood-based modeling ap-
proach.21 Using a combined dataset of reference individuals 
from the Human Genome Diversity Project (HGDP)22 and 
ependymoma cases and controls (either Hispanic or African 
American), we first performed linkage disequilibrium (LD) 
pruning in PLINK with a 50 kb sliding window, 10 kb window 
shift, and R2  <  0.1, resulting in a starting set of 149 996 
markers that was thinned to 58 441 markers for ancestry es-
timation. We repeated estimation using fastSTRUCTURE,23 
a Bayesian model-based clustering method, for multiple 
choices of K ranging 1–6. We observed that the marginal like-
lihood was maximized at K = 3. We further confirmed that in-
dividuals of known parental populations from the reference 
panel, including Europe (n = 153), Africa (n = 107), and the 
Americas (n = 107), were estimated as having mean >95% of 
the correct corresponding ancestry proportions determined 
from the genetic ancestry algorithms. Among non-Hispanic 
white individuals, unsupervised estimates of genetic an-
cestry fractions were also assessed for association with 
ependymoma risk. Finally, we compared estimated ancestry 
proportions with eigenvalues from PC analyses to explore 
correlation between the 2 measures of population structure.

Estimation of Local Ancestry

We used phased data of HGDP subjects with European, 
African, and Native American ancestry as the reference 
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dataset to infer local ancestry with the Local Ancestry in ad-
mixed Populations using Linkage Disequilibrium (LAMP-LD) 
method (window size = 200 SNPs, number of states = 15).24 
Local European ancestry was coded as the number of 
European-ancestry alleles at each SNP (ie, 0, 1, or 2).

Statistical Analysis

We tested for associations between European ancestry and 
ependymoma risk among self-identified Hispanic subjects 
and African American subjects using logistic regression 
models adjusting for sex. We also performed case-only 
analyses of clinical features, including the association be-
tween European ancestry and age at diagnosis, tumor his-
tology, grade, and tumor location.

For local admixture analysis, we tested for associations be-
tween local European ancestry at each locus and ependymoma 
risk among self-identified Hispanic subjects, using logistic re-
gression models adjusting for sex and global genetic ancestry. 
A strict Bonferroni correction for multiple testing was applied 
for the 58 441 SNPs assessed (Pstrict < 8.6 × 10−7). We also cal-
culated a suggestive significance threshold using the autocor-
relation method proposed by Shriner et al, which estimates 
the effective number of tests for admixture mapping based on 
the number of ancestry switches summed across autosomes, 
averaged across individuals.25 The effective number of tests 
for admixture mapping was 67.1 for Hispanics, resulting in a 
suggestive significance threshold of Psuggestive < 7.5 × 10−3.

We then performed association analyses for SNPs within 
500  kb of admixture mapping peaks using logistic re-
gression models for Hispanics, non-Hispanic whites, and 
African Americans separately, adjusting for sex and global 
genetic ancestry. Meta-analysis was performed to obtain 
association estimates across the 3 racial/ethnic groups. 
We calculated the effective number of tests performed in 
the region, after adjusting for LD between SNPs, and used 
this number to apply a Bonferroni correction for allelic 
associations.26

Toronto Case-Control Analyses

A total of 83 ependymoma patients and 332 controls of non-
Hispanic white ethnicity were genotyped on the Illumina 
OmniExpress array at CHOP. All ependymoma patients were 
recruited onto study at Sick Kids and had posterior fossa type 

A (PF-EPN-A) tumors.27 DNA was extracted from blood where 
available, but a subset of DNA samples were extracted from 
tumor specimen. Because PF-EPN-A are genetically bland 
and rarely harbor copy-number alterations, negative im-
pacts on genotyping quality appeared minimal.27 Data from 
genome-wide area studies (GWASes) underwent quality 
control procedures as previously described.28 From a con-
trol group of 3254 children of European ancestry who were 
recruited and genotyped at CHOP, genome-wide identity-by-
state (IBS) estimates for all pairwise comparisons of case and 
control subjects were calculated and 4 controls were selected 
per case based on nearest-neighbor matching using genome-
wide IBS estimates, yielding 332 controls matched to our 83 
cases. The 4 nearest controls were matched to each case to 
correct for population structure, as previously described.28 
Genotypes were phased using SHAPEIT2,29 and whole-
genome imputation was performed using IMPUTE2,30,31 with 
1000 Genomes Phase 3 release as the imputation reference 
panel. Because the external controls were tightly matched 
to cases on genomic ancestry and IBS, ancestry-based case-
control comparisons were not appropriate. However, SNP-
based case-control comparisons could be made to replicate 
allelic associations, as implemented in SNPTEST v2.4.1 with 
adjustment for the first 5 PCs.

Results

CBTRUS Data

Average annual incidence rates (IRs) for ependymal tu-
mors in children 0–19 years old (2000–2015) in the US are 
presented in Table  1. Rates varied between populations, 
with the highest rates observed in non-Hispanic whites 
(IR = 0.30 per 100 000 population, 95% CI: 0.28–0.31) 
and Hispanics (IR = 0.28 per 100 000 population, 95% CI:  
0.26–0.31). Compared with non-Hispanic whites, American 
Indian/Alaska Natives were at significantly reduced risk 
(relative risk [RR] = 0.64, 95% CI: 0.46–0.87, P = 2.8 × 10−3), 
as were African Americans (RR = 0.67, 95% CI: 0.60–0.74, 
P = 4.1 × 10−14). Asian/Pacific Islanders also had a lower rate 
(RR = 0.86, 95% CI: 0.73–1.00, P = 0.051). Although no sig-
nificant differences were observed in overall ependymoma 
rates among Hispanic individuals compared with non-
Hispanic whites (RR = 0.96, 95% CI: 0.88–1.05, P = 0.367), 
lower incidence rates were observed among Hispanics 
and African Americans for specific histological groupings 

  
Table 1 Annual incidence rates per 100 000 persons of ependymal tumors in children ages 0–19, by race/ethnicity (CBTRUS, 2000–2015)

Race/Ethnicity Count Incidence Rate 
(95% CI)

Rate Ratio (95% CI)  
(compared with  
non-Hispanic whites)

Ratio P-value (compared  
with non-Hispanic 
whites)

Non-Hispanic white 2214 0.30 (0.28–0.31) 1 ref

Hispanic white 726 0.28 (0.26–0.31) 0.96 (0.88–1.05) 0.3673

African American 426 0.20 (0.18–0.22) 0.67 (0.60–0.74) 4.1 × 10−14

American Indian/Alaska 
Native

42 0.19 (0.14–0.26) 0.64 (0.46–0.87) 2.8 × 10−3

Asian or Pacific Islander 176 0.25 (0.22–0.29) 0.86 (0.73–1.00) 0.051
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and tumor sites, including myxopapillary ependymomas 
(Supplementary Table 1) and tumors located in the spine 
and cauda equina (Supplementary Table 2).

Genome-Wide Ancestry in Hispanics and African 
Americans

From the California dataset, a total of 142 Hispanic 
ependymoma patients and 1147 controls, 32 African American 
patients and 116 controls, and 153 non-Hispanic white patients 
and 696 controls had data available for genomic analyses 
(Table 2). Mean composition of Native American, African, and 
European genetic ancestry fractions, estimated using genomic 
data, are presented in Table 3 and Supplementary Table 3, and 
the distribution of ancestry fractions are shown for both case-
control samples and the HGDP reference individuals in Fig. 1 
Mean values of genetic proportions were highly correlated 
between ADMIXTURE and fastSTRUCTURE (R2 > 0.99), and 
ADMIXTURE estimates are reported hereafter. Meta-analysis 
of ancestry associations across Hispanic and African American 
subjects identified an association between European ancestry 
and ependymoma risk, with each 20% increase in European 
ancestry associated with a 1.31-fold increase in odds of 
ependymoma (95% CI: 1.08–1.59, Pmeta= 6.7 × 10−3).

Among Hispanic individuals, European ancestry was 
associated with 1.34-fold increased odds of ependymoma 

per 20% increase in European ancestry (95% CI: 1.09–1.67; 
P = 6.2 × 10−3). Conversely, a greater fraction of Native 
American ancestry was associated with reduced risk 
(OR = 0.79 per 20% increase in Native American ancestry, 
95% CI: 0.64–0.97; P = 0.023). Association analyses be-
tween PCs and ependymoma risk among Hispanic indi-
viduals showed PC2 and PC3 to be significantly associated 
(Supplementary Figure 1, inset), suggesting that greater 
European ancestry (ie, higher PC2 or lower PC3) confers in-
creased ependymoma risk (Supplementary Figure 1). While 
PC2 separated European from African and Native American 
ancestry and was associated with greater ependymoma 
risk (P = 4.6 × 10−3), PC3 values were lowest among individ-
uals from the Russia-Caucasus region and were associated 
with reduced ependymoma risk (P = 0.043).

Among African Americans, a nonsignificant associa-
tion between ancestry fraction and ependymoma risk 
was observed (OR = 1.14 per 20% increase in European 
ancestry, 95% CI: 0.68–1.83; P = 0.61). Correspondingly, a 
nonsignificant protective association was observed for 
African ancestry (OR = 0.80, 95% CI: 0.53–1.24; P = 0.30).

Genome-Wide Ancestry in Non-Hispanic Whites

We next analyzed European substructure in non-Hispanic 
white ependymoma patients and controls. Association 
analyses between PCs and ependymoma risk among non-
Hispanic whites showed PC1 and PC5 to be significantly 
associated (Supplementary Figure 2, inset). PC1 roughly 
corresponds to the east-west axis of Europe, with the PC1 
association signal driven by Russia-Caucasus ancestry 
with lower PC1 (more similar to Russia-Caucasus individ-
uals) conferring greater ependymoma risk (Supplementary 
Figure 2). PC2 roughly corresponds to the north-south 
axis of Europe and was not significantly associated with 
ependymoma risk. A significant PC5 association appears to 
correspond to French-Basque ancestry. Similar analyses in 
ADMIXTURE, assuming 2 ancestral populations, revealed 
significantly increased risk of ependymoma for European 
subpopulation 1 compared with 2 (P = 0.029), where 
subpopulation 1 corresponded to Adyghe individuals from 
the Russia-Caucasus region (Supplementary Figure 3).

Adjustments for insurance status at birth (government 
program vs private insurance/self-pay) did not mean-
ingfully alter effect ancestry associations. In case-only 
analyses, we did not observe any association between 
European ancestry fraction and ependymoma tumor site, 
histology, grade, or age at diagnosis in Hispanics or non-
Hispanic whites.

Admixture Mapping in Hispanics

Admixture mapping was carried out in the Hispanic case-
control set, and genome-wide associations are sum-
marized in Fig.  2A The top admixture mapping signal 
was in the 20p13 region at rs6040222 (OR = 1.78; 95% 
CI: 1.30–2.46 per European allele; P = 4.1 × 10−4). This as-
sociation was significant after Bonferroni correction for 
67 effective tests based on the autocorrelation method 
(P < 7.5 × 10−3), but did not reach the strict significance 
threshold (P < 8.6 × 10−7).26 Additional admixture peaks 

  
Table 2 Demographics and clinical features of 327 multi-ethnic 
 pediatric ependymoma cases (ages 0–19) from the California 
Department of Public Health

Variable Median (interquartile  
range) or N (%)

Age at diagnosis 4 (8)

Sex, male 187 (57.2%)

Race/ethnicity  
(self-reported)

 

 Non-Hispanic white 153 (46.8%)

 Hispanic 142 (43.4%)

 African American 32 (9.8%)

Histology  

 Anaplastic ependymoma 106 (32.4%)

 Ependymoma (NOS) 189 (57.8%)

 Myxopapillary 27 (8.3%)

 Subependymoma 3 (0.9 %)

 Papillary 2 (0.6%)

Location  
 Spinal  
 Intracranial

49 (15.0%)  
278 (85%)

World Health Organization 
Grade

 

 I 11 (3.4%)

 II 31 (9.5%)

 III 17 (5.2%)

 IV 94 (28.7%)

 Not otherwise specified (NOS) 174 (53.2%)

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noaa130#supplementary-data
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with P < 7.5 × 10−3 were located on chromosomes 2p24.3, 
2q23.1, 2q36.1, 4q28.2, and 8q24.2. Lead SNPs appear in 
Supplementary Table 4.

Fine-Mapping Lead Admixture Peak in a 
Multi-Ethnic Sample

We performed allelic association analyses for 4180 
SNPs within 500  kb of the admixture mapping peak at 
rs6040222 in Hispanics, non-Hispanic whites, and African 
Americans (Fig. 2B) 32 The most significant association was 
at rs6039499 (odds ratio [OR] = 1.99; 95% CI: 1.45–2.73; 
P = 2.2 × 10−5), located 23 kb upstream of the R-spondin-4 
(RSPO4) gene. The association remained significant after 
Bonferroni correction for 2089  “effective tests” following 
adjustment for LD (Pcorrected  =  0.046). Odds ratios for 
rs6039499 were not meaningfully different when analyses 
were restricted to intracranial ependymoma (OR = 1.96; 
95% CI: 1.40–2.76), spinal ependymoma (OR = 1.98; 95% 

CI: 1.03–3.81), or posterior fossa ependymoma diag-
nosed before age 15 (OR = 2.00; 95% CI: 1.39–2.90). The 
risk (G) allele at rs6039499 is uncommon in European 
(minor allele frequency [MAF] = 0.06), Native American 
(MAF = 0.04), and African (MAF = 0.07) subjects from 1000 
Genomes, but substantially more common in Asian popu-
lations (MAF = 0.28). An adjacent SNP in near complete LD 
(rs6077564; R2  =  0.99) is an expression quantitative trait 
locus for RSPO4 and PSMF1 expression in the cerebellum. 
However, no significant association at rs6039499 was ob-
served among molecularly defined PF-EPN-A patients from 
Toronto (OR = 0.76, 95% CI: 0.40–1.45, P = 0.40).

Discussion

We observed an association between European ancestry 
and ependymoma risk among admixed Hispanic and 
African American subjects from California, with each 20% 
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Table 3 Mean ancestry fraction in ependymoma cases, ages 0–19, and age-matched controls

Self-Reported  
Race/Ethnicity 

Cases/Controls Genetically Estimated  
Ancestry Fractions

Cases  
Mean (SD)

Control  
Mean (SD)

P-valuea

Hispanic 142/1147 % Native American 41.7 (15.2) 45.0 (16.7) 0.025

  % African 4.6 (2.5) 5.3 (5.1) 0.11

  % European 53.6 (15.6) 49.6 (16.7) 6.2 × 10−3

African American 32/116 % Native American 6.7 (9.5) 4.7 (7.7) 0.22

  % African 67.1 (17.6) 70.8 (17.7) 0.30

  % European 26.2 (14.5) 24.5 (15.8) 0.59

aTwo-tailed t-test.
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increase in European ancestry associated with a 1.31-fold 
increased risk of ependymoma. This finding, based on ge-
netic ancestry estimation using genome-wide SNP data 
with 2 different software packages, was also seen with PC 
analyses of the top eigenvectors. Importantly, this finding 
is consistent with epidemiologic observations of greater 
ependymoma risk among individuals of European an-
cestry compared with other races/ethnicities, as observed 

in our analysis of CBTRUS data. Although we did not ob-
serve a significant association with European ancestry and 
ependymoma risk among the African American subset of 
subjects in this analysis, we may have been underpow-
ered due to small sample size and lower mean European 
ancestry fraction among African Americans compared 
with Hispanics. Our mean genetic ancestry estimates are 
comparable to previous estimates of African (73%), Native 
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American (1%), and European (24%) proportions among 
African Americans,33 as well as that of African (6%), Native 
American (40%), and European (54%) proportions among 
Hispanics from California.34

Our population-based estimates of higher child-
hood ependymoma incidence rates in non-Hispanic 
whites versus other US racial/ethnic groups are con-
sistent with reports for other glial tumors, including adult 
ependymoma,35 glioblastoma, lower-grade astrocytoma, 
and oligodendroglioma.36 CBTRUS data reveal that the risk 
of ependymoma in non-Hispanic whites was 50% greater 
than that in African Americans, which is substantial at the 
population level. However, given the rarity of this dis-
ease, this represents an increase in annual risk from 2 in 
1 000 000 to 3 in 1 000 000 at the individual level. Similar 
patterns have also been noted with pediatric brain tumor 
diagnoses in patients with NF1.37 In addition to inherited 
genetic risk by ancestry, possible causes for the observed 
incidence differences include ascertainment bias, in which 
unequal access to care, differences in diagnostic proced-
ures, histologic confirmation, and/or differences in re-
porting have impacts on incidence rates. However, our 
findings are unlikely to be driven by such factors thanks to 
our population-based sampling strategy, >95% bloodspot 
retrieval rate, and California’s opt-out (as opposed to 
opt-in) research consent. Further, we saw no evidence of 
differences in tumor grade or age at diagnosis with respect 
to European ancestry, and adjustment for insurance status 
at birth did not attenuate the observed associations be-
tween ependymoma risk and ancestry.

The possibility that European-ancestry populations may 
carry a higher frequency of ependymoma risk alleles is in-
triguing. Interestingly, the Adyghe (Russia-Caucasus) and 
Basques are two of the more genetically isolated European 
populations,38 and greater genetic ancestry fractions cor-
responding to these two European subpopulations were 
associated with increased risk of ependymoma. A higher 
incidence of brain cancer was previously noted in the 
Navarre and Basque Country regions in an occupational/
environmental epidemiology study.39 Our results sug-
gest that a genetic explanation also merits consideration. 
Also of note, genetic similarity has previously been de-
scribed between Adyghe and Ashkenazi Jewish individ-
uals, with the Adyghe population described as the closest 
European population to Jewish populations.40,41 It is there-
fore possible that the signal we describe is partly driven by 
Ashkenazi Jewish ancestry, but investigating this will ne-
cessitate a more targeted approach with reference popula-
tions that include a large Ashkenazi sample.

Admixture mapping identified an association peak 
at 20p13 showing increased European ancestry among 
ependymoma cases compared with controls, consistent 
with the global genetic ancestry association results. 
Follow-up genotypic association analyses in this region 
identified an association at rs6039499, an intergenic SNP 
that alters a Hoxa3 transcription factor binding motif. This 
polymorphism is located 25 kb upstream of RSPO4, a reg-
ulator of Wnt/beta-catenin signaling, suggesting potential 
regulatory roles during critical developmental windows. 
Although SNP associations did not differ by site or his-
tology, we were unable to replicate this association in a 
molecularly stratified sample of PF-EPN-A from Toronto.

Admixture mapping can serve as a powerful method 
for identifying candidate loci of interest, particularly in a 
2-stage approach.42 Only one other study has examined 
the association between genetic ancestry and brain tumor 
risk. Employing a similar strategy of estimating global and 
local ancestry using genotyping data, this time in adult 
glioma patients, Ostrom et al observe a suggestive associ-
ation with global European ancestry and confirm local an-
cestry associations at loci previously identified in GWASes 
of adult glioma.43 Importantly, admixture mapping is a 
gene-mapping technique that aims to identify risk alleles 
that confer disease risk among all individuals harboring 
the risk allele, not only among those of the particular an-
cestry groups. Any causal variants underlying the admix-
ture signal has important implications for ependymoma 
risk across all racial/ethnic groups. Our observation of con-
sistent ancestry associations across strata of ependymoma 
site and histology, coupled with similar observations 
for adult glioma, suggest that genomic ancestry may 
confer risk through an etiologic mechanism that is shared 
across diverse brain tumor histologies (eg, maintenance 
methyltransferase activity, glial development).

A primary limitation of our study is a reliance on cancer 
registry data and lack of molecularly stratified ependymoma 
subgroups in both the CBTRUS analyses and the genetic 
analyses of bloodspot specimens linked to California Cancer 
Registry data. The CBTRUS data used for this analysis cover 
100% of the US population, but there is no central pathology 
review and histology reflects what is assigned by the 
diagnosing pathologist. In CBTRUS data, race is abstracted 
from the patient’s medical record by cancer registrars, while 
Hispanic ethnicity is both collected from the chart and as-
signed via algorithm based on surname. As a result, there 
may be some error in assignment of histology, race, and/or 
ethnicity in the CBTRUS results. While molecular subgroups 
of ependymoma are tightly intertwined with tumor location 
and we did not observe differences in the effect of ancestry 
on ependymoma risk when stratifying by tumor site, future 
analyses incorporating additional molecular subgroup in-
formation will help to elucidate the biology underlying the 
associations observed here.

The lack of environmental covariates also limits our ability 
to adjust for potential confounders, assess mediating ef-
fects, or examine potential gene–environment interactions. 
However, ependymoma has few known extrinsic risk fac-
tors, so our results are unlikely to be strongly confounded. 
Furthermore, it is unlikely that the same ascertainment 
biases or confounding factors are simultaneously driving 
(i) the association between genome-wide European an-
cestry and ependymoma risk in US Hispanics, (ii) the asso-
ciation between Russia-Caucasus ancestral substructure 
and ependymoma risk in US Hispanics, and (iii) the associ-
ation between Russia-Caucasus ancestral substructure and 
ependymoma risk in US non-Hispanic whites. Additionally, 
European ancestry proportions were not associated with age 
at diagnosis in case-only analyses, suggesting that delays in 
diagnosis are unlikely to confound our results. Therefore, we 
believe our findings reasonably suggest that population-level 
differences in childhood ependymoma incidence are, at least 
partially, driven by a genetic component.

In summary, we demonstrate in an admixed sample of 
California ependymoma patients and controls that genetic 
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ancestry contributes to population-level differences in 
childhood ependymoma incidence across different racial/
ethnic groups in the US. Furthermore, our admixture map-
ping approach has identified candidate genetic regions 
that future studies can now target, a priori, thereby min-
imizing the impact of multiple-testing corrections on study 
power in the setting of uncommon childhood cancers.
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