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(APC = 2.2, 95% CI 0.8, 3.5) and 2009–2013 (APC = −4.1, 
95% CI −7.5, −0.6). Incidence was highest in patients aged 
1–4 years at diagnosis, but patients aged 10–14 years showed 
increased incidence from 2000 to 2013 (APC = 3.2, 95% 
CI 0.6, 5.8). Males displayed higher IR relative to females 
(males: 0.16 vs. females: 0.12), except in patients <1 year-
old. Compared to Whites, Blacks displayed a non-significant 
increase in incidence (APC = 1.7, 95% CI −0.4, 4.0) and 
in mortality risk (hazard ratio for survival = 0.74; p = 0.09). 
The current study reports no overall change in medullo-
blastoma incidence from 2001 to 2013. Male and female 
patients <1 year-old had equal medulloblastoma incidence 
rates and poor 5-year relative survival compared to other 
ages. Non-significant trends in the data suggest disparities 
in medulloblastoma incidence and survival by race. Thus, 
analysis of tumor-specific trends by demographic variables 
can uncover clinically informative trends in cancer burden.
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Introduction

Primary central nervous system (CNS) tumors are the most 
common pediatric solid tumors in the United States, account-
ing for nearly 20% of all cancers in children aged 0–19 [1]. 
CNS tumors have one of the highest incidence rates among 
pediatric cancers and represent the second-most common 
cause of death from pediatric cancer [2]. Medulloblastoma 
is the most common malignant pediatric tumor in the CNS, 
accounting for nearly 20% of all childhood brain cancers and 
~40% of all childhood tumors in the posterior fossa [3–5]. 
Despite recent advances in understanding the molecular 
genetics of medulloblastomas [6], we lack a comprehensive 
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picture of recent population-based trends in the incidence 
and survival of individuals with medulloblastoma.

Medulloblastoma is a type of embryonal tumor, a his-
tologic group that also included medulloepithelioma, CNS 
neuroblastoma, CNS ganglioneuroblastoma and atypical 
teratoid/rhabdoid tumor (ATRT) as well as primitive neu-
roectodermal tumors (PNET) until the 2016 World Health 
Organization (WHO) reclassification [7]. Embryonal tumors 
have similarities in histological features and radiographic 
appearance, but are dissimilar in their demographic char-
acteristics, treatment, and prognosis. Re-categorization of 
tumors within this group has occurred over time [2], con-
founding attempts to establish incidence trends and generat-
ing potentially misleading data. Importantly, previous work 
combining medulloblastoma and PNETs for analysis from 
1985 to 2002 demonstrated increased incidence rates with 
an estimated annual percentage change (APC) of 1.6% (95% 
CI 0.2, 3.1) [8]. However, upon strictly classifying medul-
loblastomas by International Classification of Diseases for 
Oncology (ICD-O) codes, medulloblastoma incidence rates 
were found to be stable [8]. Given the previous uncertainty 
regarding medulloblastoma incidence, as well as the paucity 
of in-depth epidemiological data, the aim of this paper is to 
provide a comprehensive and updated analysis of medul-
loblastoma population-specific trends by age, sex, and race/
ethnicity.

Methods

This study was approved by the University Hospitals Case 
Medical Center Institutional Review Board. Data were 
obtained from the Central Brain Tumor Registry of the 
United States (CBTRUS), which includes incidence data 
from approximately 99% of the US population. CBTRUS 
data are derived from 50 state cancer registries and the can-
cer registry for the District of Columbia. Together, these 
include 46 National Program of Cancer Registration (NPCR) 
and five Surveillance Epidemiology and End Results (SEER) 
central cancer registries [9]. Age-adjusted incidence rates 
were generated for medulloblastomas, PNET, ATRT, and 
other embryonal tumors from 2001 to 2013. Medullo-
blastomas were specified by four specific ICD-O-3 codes: 
9470/3—medulloblastoma, NOS, 9471/3—desmoplastic 
nodular medulloblastoma, 9472/3—medullomyoblastoma 
and 9474/3—large cell medulloblastomas, as previously 
reported [10]. Age-adjusted incidence rates were stand-
ardized to the 2000 US population [11], and reported per 
100,000 population.

Information on patient outcomes was derived from 
SEER data, since NPCR registries do not provide 

follow-up data to CBTRUS. SEER data were analyzed to 
generate survival data for medulloblastomas from 2001 
to 2013. The current SEER registry system consists of 18 
registries, representing a subset of the population included 
in the CBTRUS dataset. Of note, some of the 18 registries 
are dually funded by NPCR and SEER. According to the 
US 2010 Census, data pulled from the 18 SEER registries 
provide population-based information for approximately 
28% of the US population [2].

Incidence rates, ratios, and other relevant statistics were 
calculated using SEER*Stat 8.3.2. Figures were generated 
using GraphPad Prism 6, Adobe Illustrator and Photoshop, 
and R statistical software. Statistics were excluded for cells 
containing fewer than 16 counts. Age-adjusted incidence 
rates and 95% confidence intervals were estimated for 
medulloblastomas by sex, race and age groupings includ-
ing: <1, 1–4, 5–9, 10–14, 15–19 and 20+ years in keeping 
with previous studies reporting CBTRUS data [2]. Race 
categories for this study include White, Black, and Asian/
Pacific Islander (API). American Indian/Alaskan Native 
(AIAN) rates were excluded from race analyses due to 
low count numbers for most years. Unknown, unspecified 
and other race categories were excluded from race-specific 
incidence rate comparisons. However, these categories are 
included in statistics that are not race-specific. Joinpoint 
Regression Program 4.3.1.0 software was used to compute 
annual percent change (APC) in incidence rates from 2001 
to 2013 to examine trends over time. Joinpoint software 
selects a minimum number of joinpoints to prohibit statis-
tically significant improvement if one additional joinpoint 
is added (http://surveillance.cancer.gov/joinpoint). APC 
analyses were included for medulloblastomas by age, race 
and sex. APCs in incidence for API populations were not 
calculated due to missing data points. SEER*Stat was used 
to generate relative survival percentages by age, race, and 
sex. For survival data, race categories included White, 
Black and API. Survival by age at diagnosis was examined 
using the age groupings described above. Given that the 
18 SEER registries comprise only 28% of the CBTRUS 
dataset, an N > 50 was required for group-specific data 
inclusion to ensure sufficiently stable statistical analyses. 
Differences in survival were further analyzed in R using 
Kaplan–Meier and Cox proportional hazards models. Sur-
vival curves were generated by race, sex, radiation status, 
and surgery status and compared using the log-rank test. 
Adjusted estimates of survival by race, age, radiation sta-
tus, and surgery status were also performed in R using a 
multivariable Cox proportional hazards model. Adjusted 
estimates included all covariates a priori, regardless of 
individual significance level. Surgery and radiation status 
were dichotomized by any therapeutic intervention.

http://surveillance.cancer.gov/joinpoint
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Results

Patient demographics and tumor location

Table 1 shows the general demographic information for 
patients with medulloblastoma included in the CBTRUS 
and SEER databases identified by the four specific ICD-O-3 
codes examined in this report. There were 5764 total patients 
included in CBTRUS analyses and 1624 included in SEER 
analyses. The majority of cases occurred in patients from 1 
to 14 years old (61.8% in CBTRUS, 59.7% in SEER). There 
was a male predominance in both datasets (61.9% males in 
CBTRUS, 62.4% males in SEER). White race was reported 
for the majority of cases (83.3% in CBTRUS, 83.0% in 
SEER). Tumors with recorded site locations in the poste-
rior fossa (cerebellum, brain stem and ventricles) comprised 
92.3% of the recorded tumor sites in CBTRUS and 95.1% of 
recorded tumor sites in SEER.

Incidence rates of medulloblastomas by age group

Figure 1a shows the overall age-adjusted incidence rates (IR) 
for all CNS embryonal tumors and specific histologic diag-
noses from 2001 to 2013. Across the years studied, the over-
all incidence of embryonal tumors peaked in 2008 [IR 0.276 
cases per 100,000 (95% CI 0.257, 0.295)] but reached a nadir 
in 2013 [IR 0.227 (95% CI 0.210, 0.245)]. Of the embryonal 
tumors, medulloblastoma was more frequently diagnosed 
than PNET and ATRT [medulloblastoma IR 0.156 (95% CI 
0.152, 0.160) vs. PNET IR 0.0496 (95% CI 0.0473, 0.0518) 
and ATRT IR 0.0228 (95% CI 0.0213, 0.0244)]. Incidence 
rates for medulloblastomas increased significantly from 
2001 to 2009 [annual percentage change (APC) 2.2 (95% 
CI 0.8, 3.5); Fig. 1b] and then decreased from 2009 to 2013 
[APC −4.1 (95% CI −7.5, −0.6); Fig. 1b]. Overall, these 
changes resulted in minimal absolute variation in medul-
loblastoma incidence rates between 2001 and 2013.

Table 1   Characteristics of CBTRUS and SEER Study Populations

Anatomic sites not harboring any cases in both CBTRUS and SEER databases (cauda equina, olfactory nerve, optic nerve, nervous system, 
NOS, pituitary gland, craniopharyngeal duct, and pineal gland) are not listed. Anatomic site is the primary location of disease reported within 
the registries

Variable Group CBTRUS (2001–2013) SEER (2000–2013)

Number of cases Percentage (%) Number of cases Percentage (%)

Total 5764 1624
Age <1 years 149 2.59 50 3.08

01–04 years 1287 22.33 347 21.37
05–09 years 1497 25.97 417 25.68
10–14 years 777 13.48 206 12.68
15–19 years 460 7.98 137 8.44
20+ years 1594 27.65 467 28.76

Sex Male 3570 61.94 1014 62.44
Female 2194 38.06 610 37.56

Race White 4802 83.31 1348 83.00
Black 598 10.37 135 8.31
American Indian/Alaska Native 46 0.80 11 0.68
Asian or Pacific Islander 264 4.58 122 7.51
Unknown 54 0.94 8 0.49

Site C70.0-cerebral meninges 2 0.03 0 0.00
C71.0-cerebrum 17 0.29 4 0.25
C71.1-frontal lobe 5 0.09 1 0.06
C71.3-parietal lobe 3 0.05 1 0.06
C71.4-occipital lobe 12 0.21 2 0.12
C71.5-ventricle, NOS 135 2.34 53 3.28
C71.6-cerebellum, NOS 4589 79.63 1330 82.35
C71.7-brain stem 594 10.31 153 9.47
C71.8-overlapping lesion of brain 28 0.49
C71.9-brain, NOS 372 6.45 70 4.33
C72.0-spinal cord 5 0.09 1 0.06
C72.5-cranial nerve, NOS 1 0.02 0 0.00
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When stratifying medulloblastoma incidence rates by age 
groupings, the overall age-adjusted IRs of medulloblastomas 
from 2001 to 2013 were highest in patients aged 1–4 years 
(IR 0.629; Fig. 1c) and lowest in patients aged 20+ years 
(IR 0.058; Fig. 1c). When examining only the 1–4 year age 
group, no significant change in IRs occurred between 2001 
and 2013 [APC 1.0 (95% CI −1.4, 3.5); Fig. 2a, b]. The 
20+ age group experienced an increase in incidence from 
2001 to 2009 [APC 3.2 (95% CI 0.3, 6.3)] and a significant 
decrease from 2009 to 2013 [APC −8.5 (95% CI −16.0, 
−0.2); Fig. 2a, b]. However, the absolute change in inci-
dence rate was moderate in this age group due to low over-
all incidence. Neither the 5–9 nor the 15–19 age group IRs 
changed significantly from 2001 to 2013 [5–9 APC −.5 (95% 
CI −1.9, 0.9); 15–19 APC −1.1 (95% CI −4.2, 2.2); Fig. 2a, 
b]. Notably, the 10–14 year age group experienced a signifi-
cant increase in IR across the same time period (APC 3.2, 
95% CI 0.6, 5.8; Fig. 2a, b).

Incidence rates and rate ratios according to sex 
and race

Average annual age-adjusted incidence rates for medullo-
blastoma by sex are displayed in Fig. 2c. Across all years 
studied, the overall incidence rates were significantly 
greater in males than in females. Incidence rates in males 

increased between 2001 and 2010 [APC 1.4 (95% CI 0.4, 
2.5)], but decreased from 2010 to 2013, albeit not sig-
nificantly [APC −5.4 (95% CI −10.8, 0.2); Fig. 2d]. In 
females, the incidence rates remained stable across these 
years [APC 0.7 (95% CI −1.2, 2.6); Fig. 2d]. Incidence 
rate ratio (IRR) of female to male patients was near 1 in 
patients aged <1 year but lower in other age groups, which 
was significant only in patients aged 5–9 years (Fig. 2e).

Whites had significantly higher age-adjusted incidence 
rates than Blacks across all years studied, except for 2004, 
2006, 2012, and 2013 (Fig. 3a). In White populations, 
incidence rates significantly increased from 2001 to 2008 
[APC 2.8 (95% CI 1.0, 4.5); Fig. 3b], then declined signifi-
cantly until 2013 [APC −3.9 (95% CI −6.6, −10); Fig. 3b]. 
In contrast, incidence rates for Black populations did not 
change significantly from 2001 to 2013, although there 
was a trend towards increasing incidence [APC 1.7 (95% 
CI −0.4, 4.0); Fig. 3b]. There were no significant differ-
ences in incidence rates between Whites and API across 
the years studied, except in 2010 (Fig. 3c). The IRRs of 
Black and API populations relative to White populations 
are shown in Fig. 2f. The Black:White IRR was signifi-
cantly lower among 5–9 and 10–14 age groups compared 
to 15–19 year olds. Similarly, the API:White IRR was 
significantly lower for the 20+ age group compared to 
5–9 year olds.

Fig. 1   a Annual age-adjusted incidence rates for medulloblastomas, 
primitive neuroectodermal tumors (PNET), atypical teratoid/rhab-
doid tumors (ATRT) and all embryonal tumors combined. (CBTRUS 
2001–2013). b Overall annual percent change (APC) in age-adjusted 
incidence rates for medulloblastoma. The solid lines depict the trend 

lines for each group as determined by Joinpoint regression software. 
The shaded gray regions represent the 95% confidence intervals. 
(CBTRUS 2001–2013). c Age-adjusted incidence rates for medullo-
blastomas by age groups studied (CBTRUS 2001–2013)
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Fig. 2   Annual age-adjusted incidence rates for medulloblastomas 
by a 5-year age groups and c by sex. Annual percent change (APC) 
for medulloblastoma in incidence rates by b 5-year age groups and d 
by sex. The solid lines depict the trend lines for each group as deter-

mined by Joinpoint regression software. The shaded gray regions rep-
resent the 95% confidence intervals. Incidence rate ratios of medullo-
blastomas by 5-year age groups for sex and race are shown in e and f, 
respectively. (CBTRUS 2001–2013)

Fig. 3   a Annual age-adjusted incidence rates for medulloblasto-
mas by race comparing White to Black populations. b Annual per-
cent change (APC) in incidence rates for medulloblastomas by race 
comparing White to Black populations. The solid lines depict the 
trend lines for each group as determined by Joinpoint regression soft-

ware. The shaded gray regions represent the 95% confidence inter-
vals. c Annual age-adjusted incidence rates for medulloblastoma by 
race comparing White to Asian/Pacific Islander (API) populations. 
(CBTRUS 2001–2013)
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Survival rates by age‑group, sex, and race

Relative survival rates up to ten years post-diagnosis, strati-
fied by age group, sex, and race, are displayed in Supplemen-
tary Table 1. Patients <1 year old had lower survival rates 
for each year post-diagnosis compared to patients aged 5–9, 
10–14, 15–19, and 20+ years [<1 year old 10 year survival: 
48.4% (95% CI 33.2, 64.5)]. However, survival was similar 
between patients <1 year old and those 1–4 years old, except 
at 1 year post-diagnosis, when patients <1 year old at diag-
nosis had a lower survival rate [60.7% (95% CI 45.4, 72.9) 
vs. 81.1% (95% CI 76.4, 85)]. Patients aged 1–4 years had 
lower survival rates for each year post-diagnosis relative to 
patients aged 5–9, 10–14, and 20+ years up to 5 years post-
diagnosis. Survival rates for males and females were similar 
up to 10 years post-diagnosis.

Black patients displayed slightly lower survival rates for 
each year post-diagnosis compared to White patients (Sup-
plementary Table 1). In a Kaplan–Meier model of survival 
by race, we observed significantly poorer survival in Black 
patients compared to White patients (Fig. 4a; Supplementary 

Table 2; p = 0.039). This difference in survival remained but 
was no longer statistically significant (hazard ratio = 0.74, 
p = 0.086) after adjustment for age at diagnosis (p = 0.26), 
year of diagnosis (p < 0.001), radiation treatment status 
(p = 0.35), and surgery status (p = 0.20), with Whites demon-
strating a ~26% decrease in mortality risk relative to Blacks 
(Fig. 4b, c). Adjusting only for treatment factors revealed 
similar non-significant trends in overall survival. Relative 
survival rates were not able to be generated by age within 
race groups, as no group had >50 cases to report.

Discussion

Previous studies examining the incidence of medulloblas-
toma have produced conflicting results, likely due to incon-
sistencies in tumor classification and differences in sample 
sizes [12–14]. Additionally, to the best of our knowledge, 
no previous study has utilized the most recent CBTRUS and 
SEER registry data to conduct a comprehensive evaluation 
of age-, sex-, and race-based trends in medulloblastoma 

Fig. 4   a Kaplan–Meier curve displaying survival functions for Black 
and White patients with medulloblastoma. Survival functions were 
compared statistically via a log-rank test. b Survival curves after 

adjusting for age at diagnosis, year of diagnosis, and radiation status. 
Adjustment was conducted using a Cox regression model. c Cox pro-
portional hazards analysis of variables associated with mortality
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incidence and survival. In this study, we show that overall 
medulloblastoma incidence has remained relatively stable 
between 2001 and 2013, confirming previous CBTRUS-
based data [8]. However, age-specific incidence trends reveal 
an increasing medulloblastoma incidence in children aged 
10–14 years (Fig. 2b), which has not been reported previ-
ously. Future studies need to determine whether this age-
specific increase in medulloblastoma incidence persists, as 
well as potential etiologies that may include environmental 
factors [15].

Consistent with previous work [10], our data showed a 
clear predilection for males to develop medulloblastoma 
compared to females (Fig. 3a). Interestingly, the observed 
male predominance was attenuated in patients <1 year-old, 
with the data instead demonstrating an equal female:male 
IRR. This finding may be reflective of differences in bio-
logic subgroups between these patients and those in other 
age groups. For example, medulloblastomas belonging to 
the SHH subgroup tend to affect males and females equally 
compared to tumors in patients with group 3 or 4 medul-
loblastoma [6]. It is possible that a larger proportion of 
tumors in patients <1 year of age belong to the SHH sub-
group. Indeed, previous work has shown that more than half 
of medulloblastomas in infants (patients up to 3 years old at 
diagnosis) are SHH pathway-driven [16]. While SHH-sub-
group tumors are associated with an approximate 5-year sur-
vival of 75% in patients <3 years of age [5, 16], we observed 
5-year survival rates of only 48% for children <1 year old 
and 62% for children between 1 and 4 years of age (Supple-
mentary Table 1). This discrepancy may be explained by the 
observation that group 3 tumors, which are associated with 
poor overall survival [5, 17], are the second-most prevalent 
tumor subtype (present in ~40% of patients) in patients <4 
years old [16]. Therefore, the favorable survival rates asso-
ciated with SHH tumors may be offset by the poor survival 
rates for group 3 tumors. However, this report was unable to 
assess differences in survival by molecular subgroup due to 
the limitations in CBTRUS-derived data.

When examining incidence rates by race/ethnicity, we 
found that White individuals were more frequently affected 
by medulloblastomas than Black individuals from 2001 to 
2013 across all age groups. Interestingly, we observed a trend 
towards increasing incidence in Black individuals from 2001 
to 2013 that was distinct from the trends observed in White 
populations (Fig. 3b). In contrast, incidence in White indi-
viduals underwent a significant increase and then decrease 
during the same period, resulting in a similar incidence rate 
in 2013 as was observed in 2001 (Fig. 3b). Despite lower 
incidence rates, we observed poorer survival for Black com-
pared to White patients (Fig. 4 and Supplementary Table 2). 
These findings are consistent with previous work report-
ing that Black patients with primary brain tumors had an 
increased risk of death due to any cause relative to White 

patients [18]. In our study, differences in survival between 
Black and White patients persisted but became non-signif-
icant after adjusting for age, year of diagnosis and treat-
ment. Previous reports have shown that Black patients have 
significantly worse access to high-quality neuro-oncologic 
care relative to White patients [19]. Adjusting for general 
treatment factors alone in our data eliminated any significant 
difference in survival between Black and White patients, 
suggesting that access to care may be an important factor in 
outcome disparities. However, these disparities may also be 
influenced by differences in tumor biology, stage at diagno-
sis, variations in treatment regimens, socioeconomic status, 
and health beliefs [20]. Indeed, disparities in mortality and 
survival rates between Black and White patients remain pre-
sent for all cancer types, despite advances in preventative 
care and adoption of early detection methods [21]. Further 
study of the factors leading to such disparities is warranted. 
Due to the limited number of cases reported to the 18 SEER 
registries, we were unable to compare survival rates between 
different ethnicities when stratifying by age groups. In the 
future, it will be important to examine how pediatric patients 
from various ethnic backgrounds are differentially impacted 
by medulloblastoma.

The current study has several limitations that must be 
considered. First, the data used to generate our survival 
analyses were collected from the most recent update of all 
18 SEER registries. Despite containing high-quality data, 
these registries represent only about 28% of the US pop-
ulation. The survival trends described in this paper may 
therefore not fully reflect trends throughout the entire US. 
Second, our study dataset included tumors with reported 
locations outside the posterior fossa (1.2% of CBTRUS 
data and 0.6% of SEER data). The majority of tumors not 
specifically assigned to the posterior fossa were reported 
as “brain—not otherwise specified (NOS)” (6.5% of the 
7.7% CBTRUS non-posterior fossa tumors and 4.3% of the 
4.9% SEER non-posterior fossa tumors; ICD-O-3 site code: 
C71.8). This category includes the posterior fossa among 
other brain regions, and may represent tumors originating in 
the posterior fossa with extension to other regions. Tumors 
reported as ‘brain-NOS’ were incorporated to ensure inclu-
sion of all posterior fossa tumors. Slight differences between 
the SEER- and CBTRUS-reported tumor location suggests 
that the degree of misclassification of tumor type or loca-
tion is small, so we chose to include all tumors classified 
as medulloblastoma without regard to location. Lastly, the 
population-based data available to us lacked information on 
the molecular profile specific to each patient’s tumor. The 
recent 2016 update of the WHO classification for tumors of 
the central nervous system reflects major restructuring of 
medulloblastomas [7], with the incorporation of molecular 
subgroups alongside existing histological schema. Because 
this information was not available in the dataset, we were 
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unable to examine incidence and survival trends in the con-
text of tumors belonging to specific molecular subgroups. 
As genetic profiling of medulloblastomas becomes well-
established into routine clinical algorithms, inclusion of 
this information into population-level databases such as 
CBTRUS and SEER will be important to further our under-
standing of the disease.

Conclusion

The present study provides a comprehensive and up-to-date 
population-based analysis of recent incidence and survival 
trends in medulloblastoma by age, sex, and race. In addi-
tion to showing stability of medulloblastoma incidence from 
2001 to 2013, our results demonstrate poorer survival out-
comes for infants and highlight race as a potential variable 
in medulloblastoma survival. Future studies that are able to 
incorporate molecular information may provide insight into 
these survival differences.
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