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Abstract
The CBTRUS Statistical Report: Pediatric Brain Tumor Foundation Childhood and Adolescent Primary Brain 
and Other Central Nervous System Tumors Diagnosed in the United States in 2014–2018 comprehensively 
describes the current population-based incidence of primary malignant and non-malignant brain and other 
CNS tumors in children and adolescents ages 0–19  years, collected and reported by central cancer regis-
tries covering approximately 100% of the United States population. Overall, brain and other CNS tumors 
are the most common solid tumor, the most common cancer, and the most common cause of cancer death 
in children and adolescents ages 0–19 years. This report aims to serve as a useful resource for researchers, 
clinicians, patients, and families.
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Executive Summary

The Central Brain Tumor Registry of the United States 
(CBTRUS), in collaboration with the Centers for Disease 
Control and Prevention (CDC) and National Cancer Institute 
(NCI), is the largest population-based registry focused ex-
clusively on primary brain and other central nervous system 
(CNS) tumors in the United States and represents the entire 
United States population. The CBTRUS Statistical Report: 
Pediatric Brain Tumor Foundation Childhood and Adolescent 
Primary Brain and Other Central Nervous System Tumors 
Diagnosed in the United States in 2014–2018 contains the most 
up-to-date population-based data on primary brain and other 
CNS tumors in children and adolescents available through 

the surveillance system in the United States and supersedes 
all previous reports in terms of completeness and accuracy, 
thereby providing a current comprehensive source for the de-
scriptive epidemiology of these tumors.

Incidence

•	 The annual average age-specific incidence rate of all ma-
lignant and non-malignant brain and other CNS tumors 
in children and adolescents ages 0–19  years was 6.23 per 
100,000 population between 2014 and 2018. When stratified 
by behavior, incidence was 3.55 per 100,000 population for 
malignant tumors only, and 2.67 for non-malignant tumors 
only.
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•	 This overall rate was higher in females compared to 
males (6.35 versus 6.11 per 100,000) and non-Hispanics 
(of any race) compared to Hispanics (6.52 versus 5.33 per 
100,000).

•	 An estimated 5,260 new cases of malignant and non-
malignant brain and other CNS tumors are expected 
to be diagnosed in children and adolescents ages 
0–19 years in the United States in 2023.

Mortality

•	 There were 2,693 deaths attributed to malignant brain 
and other CNS tumors between 2014 and 2018 in children 
and adolescents ages 0–19 years. This represents an an-
nual average mortality rate of 0.66 per 100,000 popula-
tion, and an average of 539 deaths per year caused by 
malignant brain and other CNS tumors.

Survival

•	 The five-year relative survival rate following diagnosis of 
a malignant or non-malignant brain or other CNS tumor 
was 83.9%. Survival following diagnosis with a brain 
and other CNS tumor was highest in adolescents ages 
15–19 years (90.5%) and lowest in children less than one 
year old (71.9%).

Prevalence

•	 There were an estimated 40,594 children and adolescents 
ages 0–19 years living with a primary brain and other CNS 
tumor diagnosis in 2022. This is comparable to leukemia, 
where there are an estimated 40,738 children and adoles-
cents ages 0–19 years living with a leukemia diagnosis.

•	 The most prevalent histopathologic group was pilocytic 
astrocytoma (estimated 8,264 cases).

Introduction

Brain tumors are a significant source of cancer-related 
morbidity and mortality in children and adolescents. This 
age group is diagnosed with unique groups of cancers and 
requires separate reporting in order to accurately portray 
the state of brain tumors in these populations.

The Central Brain Tumor Registry of the United States 
(CBTRUS) is the largest population-based registry of pri-
mary brain and other central nervous system (CNS) tumors 
in the United States and covers ~100% of the United States 
(US) population for the period between 2014 and 2018. 
The objective of the CBTRUS Statistical Report: Pediatric 
Brain Tumor Foundation Childhood and Adolescent 
Primary Brain and Other Central Nervous System Tumors 
Diagnosed in the United States in 2014–2018 is to provide 
a comprehensive summary of the current descriptive ep-
idemiology of primary brain and other CNS tumors of 
childhood and adolescence (ages 0–19  years) in the US 

population. CBTRUS obtained all newly diagnosed primary 
brain and other CNS tumors data submitted to the Centers 
for Disease Control and Prevention’s (CDC) National 
Program of Cancer Registries (NPCR) and the National 
Cancer Institute’s (NCI) Surveillance, Epidemiology and 
Results (SEER) Program in November 2020 and covered 
diagnosis years 2000–2018. Incidence counts and rates 
of primary brain and other CNS tumors are documented 
by histopathology, sex, age, race, and Hispanic ethnicity. 
Mortality and relative survival rates calculated using NPCR 
data for the period 2001–2017 are also presented.

Background

CBTRUS is currently the only population-based site-
specific registry in the United States that works in part-
nership with a public cancer surveillance organization, 
the CDC’s NPCR, and from which data are directly re-
ceived under a special agreement. This agreement per-
mits transfer of data through the National Program of 
Central Registries Cancer Surveillance System (NPCR-
CSS) Submission Specifications mechanism. CBTRUS re-
searchers combine the NPCR data with data from the SEER 
Program1 of the NCI, which was established for national 
cancer surveillance in the early 1970s. All data from NPCR 
and SEER originate from tumor registrars who adhere to 
the Uniform Data Standards (UDS) for malignant and non-
malignant brain and other CNS tumors as directed by the 
North American Association of Central Cancer Registries 
(NAACCR) (http://www.naaccr.org). Along with the UDS, 
there are quality control checks and a system for rating 
each central cancer registry (CCR) to further ensure that 
these data are reported as accurately and completely as 
possible. As a surveillance partner, CBTRUS can therefore 
report high quality data on brain and CNS tumors with 
histopathological specificity useful to the communities it 
serves. Its database represents the largest aggregation of 
population-based data on the incidence of primary brain 
and other CNS tumors in the United States.

Technical Notes

Data Collection

CBTRUS contains incidence data from 52 independent 
CCRs (48 NPCR and 4 SEER registries) representing ~98% 
of the US population for the time period examined in this 
report. Please see the 2021 CBTRUS Statistical Report 
for additional information about the way these data are 
obtained and processed. These cases are classified using 
the International Classification of Diseases for Oncology, 
Third edition (ICD-O-3) for assignment of histopathology, 
behavior, and site codes. These codes are grouped using a 
modified version of the CBTRUS Grouping (Supplementary 
Table 1).2 As there is no standard definition for glioma, 
CBTRUS defines glioma as ICD-O-3 histopathology codes 
9380–9384, and 9391–9460. It is also important to note that 
the statistics for lymphomas and hematopoietic neoplasms 
contained in this report refer only to those lymphomas and 
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hematopoietic neoplasms that arise in the brain and other 
CNS ICD-O-3 topography codes.

Primary brain and other CNS tumors can be broadly 
classified in non-malignant (ICD-O-3 behavior codes of /0  
for benign and /1 for uncertain) and malignant (ICD-O-3 
behavior code of /3). Collection of central (state) cancer 
data was mandated in 1992 by Public Law 102–515 for 
all primary malignant tumors (ICD-O-3 behavior code 
of /3) (Supplementary Table 1), the Cancer Registries 
Amendment Act.3 This mandate was expanded to include 
non-malignant brain and other CNS tumors (ICD-O-3 be-
havior code of /0 and /1) with the 2002 passage of Public 
Law 107–260, starting January 1, 2004.4 See Supplementary 
Table 3 for a summary of specific glioma histopathologies 
included in glioma groupings.

Pilocytic astrocytoma is clinically considered and 
classified as a Grade I, non-malignant (ICD-O-3 behavior 
code of /1) tumor by the World Health Organization 
(WHO) guidelines for brain and other CNS tumors.5 For 
the purposes of cancer registration, these tumors have 
historically been reported as malignant (ICD-O-3 behavior 
code of /3) tumors both in the United States and by the 
International Agency for Research on Cancer (IARC) 
and International Association of Cancer Registries.6,7 
Classification of these tumors as malignant has been 
followed by CBTRUS in its reporting unless otherwise 
stated. Classification of these tumors as malignant has 
a significant impact on both incidence and survival 
estimates (Figure 1), including an upward bias for both 
incidence of malignant tumors and survival estimates for 
malignant brain tumors. Please see a recent publication for 
additional discussion of the effect of this classification on 
cancer incidence and survival reporting.8

Age-specific incidence rates per 100,000 population for 
the entire United States for selected other cancers were 
obtained from the United States Cancer Statistics (USCS), 
produced by CDC and NCI, for the purpose of comparison 
with brain and other CNS tumor incidence rates.9 This da-
tabase includes both NPCR and SEER data and represents 
the entire US population. Comparison cancers are clas-
sified using the International Classification of Childhood 
Cancer (ICCC) grouping system. ICCC categories for this 
report were generated using the SEER Main and Extended 
Classification for ICCC Recode ICD-O-3/WHO 200810 based 
on the ICCC, Third edition11,12 and 2007 WHO Classification 
of Tumours of Haematopoietic and Lymphoid Tissues13

De-identified survival data for malignant brain and other 
CNS tumors were obtained from the USCS program for 42 
NPCR registries with available survival data for the years 
2001 to 2017 and for non-malignant brain and other CNS 
tumors for the years 2004 to 2017 (data collection for non-
malignant tumors began in 2004). This dataset provides 
population-based information for 82% of the US popula-
tion for the years 2001 to 2017 and is a subset of the data 
used for the incidence calculations presented in this report. 
Survival information is derived from both active and pas-
sive follow-up.

Mortality data for the years 2014 to 2018 used in this re-
port are from the National Vital Statistics System (NVSS) 
and include deaths where primary brain or other CNS 
tumor was listed as primary cause of death on the death 
certificate for individuals from all 50 states and the District 
of Columbia. These NVSS14 (includes death certification 
data for 100% of the US population) data were obtained 
from the NCI via SEER*Stat malignant brain and other CNS 
tumors and comparison (for malignant brain tumors and 

population. CBTRUS obtained all newly diagnosed primary 
brain and other CNS tumors data submitted to the Centers 
for Disease Control and Prevention’s (CDC) National 
Program of Cancer Registries (NPCR) and the National 
Cancer Institute’s (NCI) Surveillance, Epidemiology and 
Results (SEER) Program in November 2020 and covered 
diagnosis years 2000–2018. Incidence counts and rates 
of primary brain and other CNS tumors are documented 
by histopathology, sex, age, race, and Hispanic ethnicity. 
Mortality and relative survival rates calculated using NPCR 
data for the period 2001–2017 are also presented.

Background

CBTRUS is currently the only population-based site-
specific registry in the United States that works in part-
nership with a public cancer surveillance organization, 
the CDC’s NPCR, and from which data are directly re-
ceived under a special agreement. This agreement per-
mits transfer of data through the National Program of 
Central Registries Cancer Surveillance System (NPCR-
CSS) Submission Specifications mechanism. CBTRUS re-
searchers combine the NPCR data with data from the SEER 
Program1 of the NCI, which was established for national 
cancer surveillance in the early 1970s. All data from NPCR 
and SEER originate from tumor registrars who adhere to 
the Uniform Data Standards (UDS) for malignant and non-
malignant brain and other CNS tumors as directed by the 
North American Association of Central Cancer Registries 
(NAACCR) (http://www.naaccr.org). Along with the UDS, 
there are quality control checks and a system for rating 
each central cancer registry (CCR) to further ensure that 
these data are reported as accurately and completely as 
possible. As a surveillance partner, CBTRUS can therefore 
report high quality data on brain and CNS tumors with 
histopathological specificity useful to the communities it 
serves. Its database represents the largest aggregation of 
population-based data on the incidence of primary brain 
and other CNS tumors in the United States.

Technical Notes

Data Collection

CBTRUS contains incidence data from 52 independent 
CCRs (48 NPCR and 4 SEER registries) representing ~98% 
of the US population for the time period examined in this 
report. Please see the 2021 CBTRUS Statistical Report 
for additional information about the way these data are 
obtained and processed. These cases are classified using 
the International Classification of Diseases for Oncology, 
Third edition (ICD-O-3) for assignment of histopathology, 
behavior, and site codes. These codes are grouped using a 
modified version of the CBTRUS Grouping (Supplementary 
Table 1).2 As there is no standard definition for glioma, 
CBTRUS defines glioma as ICD-O-3 histopathology codes 
9380–9384, and 9391–9460. It is also important to note that 
the statistics for lymphomas and hematopoietic neoplasms 
contained in this report refer only to those lymphomas and 

  

Fig. 1  Effect of Reclassification of Pilocytic Astrocytoma from Malignant to Non-Malignant Behavior for Diagnoses in Children and Adolescents 
Ages 0–19 Years on A) Average Annual Incidence from 2014–2018 and B) Relative Survival after Diagnosis from 2004–2017, CBTRUS Childhood and 
Adolescent Report: US Cancer Statistics—NPCR and SEER, 2014–2018.
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comparison cancers). NVSS data are not collected through 
the cancer registration system. These data represent the 
primary cause of death listed on each individual death cer-
tificate, and as a result, deaths in persons with cancer may 
be recorded as non-cancer deaths.

Methods

Counts, means, medians, rates, ratios, proportions, and 
other relevant statistics were calculated using R 4.1.3 sta-
tistical software15 and/or SEER*Stat 8.4.0.16 Figures and 
tables were created in R 4.1.3 using the following pack-
ages: flextable, officer, orca, plotly, SEER2R, sf, tigris, 
and tidyverse.17–25 Rates are suppressed when counts are 
fewer than 16 within a cell but included in totals, except 
when data are suppressed from only one cell to prevent 
identification of the number in the suppressed cell. NOTE: 
reported percentages may not add up to 100% due to 
rounding.

Incidence and Mortality  Rates.— Age-specific inci-
dence and mortality rates and 95% confidence intervals26 
(CI) were estimated for malignant and non-malignant 
tumors and for selected histopathology groupings by 
sex, race, Hispanic ethnicity, and age groups. Estimates 
are presented by age groups < 1, 1–4, 5–9, 10–14, and 
15–19  years. Race categories in this report are all races, 
White, Black, American Indian/Alaskan Native (AIAN), and 
Asian/Pacific Islander (API). Other race, unspecified, and 
unknown race are included in statistics that are not race-
specific. Hispanic ethnicity was defined using the NAACCR 
Hispanic Identification Algorithm, version 2, data element, 
which utilizes a combination of cancer registry data fields 
(Spanish/Hispanic Origin data element, birthplace, race, 
and surnames) to directly and indirectly classify cases as 
Hispanic or non-Hispanic.27 The NAACCR regional scheme 
(http://faststats.naaccr.org/usregions.php) was used for 
statistics reported by region of the United States.

Incidence rate ratios (IRR) were generated based on 
these age-specific incidence rates. These IRR were used 
to compare groups, using the formulas described by Fay 
et al. to calculate p-values.28 IRR were considered statisti-
cally significantly different when the p-value was less than 
0.05.

Estimated Future  Cases.— Estimated numbers of ex-
pected malignant and non-malignant brain and other 
CNS tumors were calculated for 2023–2025. To project 
estimates of newly diagnosed brain and other CNS tu-
mors, age-specific annual brain tumor incidence rates 
were generated for 2000–2018 for malignant tumors, and 
2006–2018 (years 2004–2005 excluded as these were the 
first few years of data collection during which incidence 
increased significantly) for non-malignant tumors. These 
were generated by state, age, and histopathologic type. 
Joinpoint 4.9.0.029 was used to fit regression models to 
these incidence rates,30 which were used to predict num-
bers of cases in future years using the parameter from the 
selected models. Modified Bayesian Information Criterion 
procedures included in Joinpoint were used to select the 

best fitting model. The overall totals presented are based 
on total malignant and non-malignant incidence, and the 
presented stratified rates may not add up to these totals. 
Estimated numbers of cases are highly dependent on input 
data. Different patterns of incidence within strata can sig-
nificantly affect the projected estimates, especially when 
the number of cases within a stratum is low. Estimates 
are generated with the assumption of consistent trends in 
cases and population. Caution should be used when util-
izing these estimates.

Estimation of Relative Survival.— SEER*Stat 8.4.0 statis-
tical software was used to estimate one-, two-, three-, four-, 
five-, and ten-year relative survival rates for primary malig-
nant and non-malignant brain and other CNS tumor cases 
diagnosed between 2004–2017 in 42 NPCR CCRs. This soft-
ware utilizes life-table (actuarial) methods to compute sur-
vival estimates and accounts for current follow-up. Second 
or later primary tumors, cases diagnosed at autopsy, cases 
in which race or sex is coded as other or unknown, and 
cases known to be alive but for whom follow-up time could 
not be calculated, were excluded from survival data ana-
lyses prior to release of the survival dataset to CBTRUS by 
NPCR.

Prevalence Estimation.— For estimation of brain 
and other CNS tumor prevalence, new case count 
data by histopathology and single age at diagnosis for 
malignant and non-malignant brain tumors (2004–2018 
for non-malignant tumors) were extracted from CBTRUS 
from 2000–2018 and from SEER 9 for 1975–2018. For 
comparison cancers, new case count data by ICCC-
defined histopathology and single age at diagnosis 
from USCS for 2001–2018 and from SEER 9 for 1975–
2018. New case diagnoses and survival were projected 
from 2019–2022 using prevEst in R 4.0, which were then 
used to estimate total number of prevalent cases by 
histopathology and age for the year at prevalence, 2022.

Incidence and Mortality  Trends.— Joinpoint 4.9.0.029 
was used to estimate incidence and mortality time trends 
and generate annual percentage changes (APC) and 95% 
CI. Rather than calculating a single consistent slope of 
change over an entire period of time, Joinpoint allows 
for points where the slope of the trend can change during 
the time period (joinpoints). This method starts with a 
model that assumes one consistent trend over time, and 
tests whether the addition of these “joinpoints” result in 
a model which has a fit that represents a statistically sig-
nificant improvement over the model with no joinpoints. 
These models are tested through use of Monte Carlo 
permutations, e.g., the program repeats the same anal-
ysis multiple times using random samples to identify 
the “true” proportion of times that a comparison is sta-
tistically significant. The models allowed for a maximum 
of three joinpoints (two for non-malignant tumors), a 
minimum of three years from a joinpoint to either end of 
the time-period, and a minimum of three years between 
joinpoints.31
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Survival  Trends.— For analysis of survival trends, year 
of diagnosis was divided into 3, equal time periods: 2004–
2007, 2008–2012, and 2013–2017. Univariate Kaplan-Meier 
analysis was performed to assess differences in overall 
survival by time-period in individuals 0–19  years of age. 
Kaplan-Meier survival curves were generated for patients 
with a high-grade glioma and then specifically for patients 
with a medulloblastoma. Log rank tests were performed 
to evaluate differences in survival curves. Age-stratified 
multivariable Cox proportional hazard models, adjusted for 
sex, race/ethnicity, and treatment, were performed for each 
time-period, hazard ratios (HR) and associated 95% CI are re-
ported. Surgery subgroups were defined by SEER site spe-
cific surgery codes for primary brain and CNS: no surgery 
(00), excisional/subtotal resection (20, 21, 40), and gross total 
resection (30, 55). Treatment was defined on the basis of radi-
ation and surgery received. The Cox proportional hazard as-
sumptions were tested and models were not found to be in 
violation.

Results

Overall, the annual average age-specific incidence rate 
of all malignant and non-malignant brain and other CNS 
tumors in children and adolescents ages 0–19 years was 
6.23 per 100,000 population between 2014 and 2018, for an 
average of 5,099 newly diagnosed cases per year (Figure 2). 
During the same period, there were 2,693 deaths attributed 
to malignant brain and other CNS tumors in children and 
adolescents ages 0–19  years. This represents an annual 
average mortality rate of 0.66 per 100,000 population, and 
an average of 539 deaths per year caused by malignant 
brain and other CNS tumors (Figure 2).

Central Cancer (State) Registry-Specific and 
Regional Brain Tumor Incidence Rates

The overall incidence rates for all primary brain and other 
central nervous system tumors and glioma in children 
and adolescents by CCR are shown in Figure 3 and 
Supplementary Table 4.

•	 Incidence of brain and other CNS tumors (Figure 3A), 
and glioma (Figure 3B) varied by CCR. Regional varia-
tions between CCR likely reflect differences in reporting 
and case ascertainment practices, as well as demo-
graphic differences in the underlying population that are 
associated with variation in brain and CNS tumor risk.

•	 There is slight variation by region for all brain and other 
CNS tumor incidence rates by age group. Please see 
Supplementary Figure 1 for incidence of children and 
adolescents ages 0–4, 5–9, 10–14, and 15–19 years.

•	 Internationally, incidence (Supplementary Figure 2A) 
and mortality (Supplementary Figure 2B) due to primary 
brain and other CNS tumors in children and adolescents 
0–19 years of age varied by country and region.

•	 Higher income countries have higher average annual in-
cidence than their counterparts, with the United States 
and Canada representing regions with the highest inci-
dence of childhood and adolescent brain and other CNS 
tumors.

Frequency of Brain and Other CNS Tumor 
Histopathologies

The distribution of brain and other CNS tumors in children 
and adolescents ages 0–19 years by site is shown in Figure 4A.

•	 The most common site was the pituitary and 
craniopharyngeal duct (17.7%), followed by the cere-
bellum (14.3%).

•	 While tumors in the brain stem accounted for 10% of 
all tumors, it is the primary site (~60%) for high grade 
glioma tumors (Figure 4B).

•	 Cerebrum, ventricle, and brain stem accounted for 5.4%, 
5.2%, and 10%.

•	 Other brain is a designation used in cancer registry 
data when the location of a tumor is not identified in a 
patient’s record, or when a tumor involves multiple loca-
tions in the brain. Please refer to Supplementary Table 1 
for more information about the specific sites included in 
these groups.

The distribution of childhood and adolescent brain and 
other CNS tumors by histopathology is shown in Figure 
4B. Frequencies for each histopathology are presented 
in Table 2. Frequencies by age groups are presented in 
Supplementary Figures 3–7.

•	 The most frequently reported histopathology in all ages 
(0–19 years) was pilocytic astrocytoma (15.3%).

•	 Tumors of the pituitary accounted for 14.3% of all 
childhood and adolescent brain and other CNS tumor 
histopathologies.

  

Fig. 2  Annual Incidence Rates of All Primary Brain and Other 
Central Nervous System Tumors and Mortality Rates of Malignant 
Primary Brain and Other Central Nervous System Tumors in 
Children and Adolescents Ages 0–19 Years, CBTRUS Childhood 
and Adolescent Report: US Cancer Statistics—NPCR and SEER, 
2004–2018. 
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•	 In infants (<1  year of age), gliomas (32.0%) 
and embryonal tumors (20.8%) were the most 
commonly  occurring tumor type. Of embryonal 
tumors, 55.6% were atypical teratoid/rhabdoid 
tumors (ATRT).

•	 In children ages 1–4 years and 5–9 years, gliomas (50.5% 
and 50.3%, respectively) and embryonal tumors (16.7% 
and 13.1%, respectively) were the most common tumor 
types. Among children 1–4  years, 58% of embryonal 
tumors were medulloblastomas.

  

Fig. 3  Average Annual Age-Specific Incidence Rates per 100,000 Population of A) All Primary Malignant and Non-Malignant Brain and Other 
Central Nervous System Tumors, and B) Glioma in Children and Adolescents Ages 0–19 Years by Central Cancer Registry, CBTRUS Childhood and 
Adolescent Report: US Cancer Statistics—NPCR and SEER, 2014–2018. 
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ent_3/iii1/6692860 by guest on 20 Septem
ber 2022
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•	 In children ages 10–14 years, gliomas (43.0%) and tumors 
of the pituitary (12.3%) were the most common tumor 
types.

•	 In adolescents ages 15–19 years, tumors of the pituitary 
(33.0%) were the most common tumor type, followed by 
gliomas (27.7%).

Age-Specific Incidence Rates

Incidence Rates by Age at Diagnosis.— The overall 
age-specific incidence rate for 2014–2018 for all pri-
mary brain and other CNS tumors in children and 
adolescents (0–19  years of age) was 6.23 per 100,000 
population (Table 1). The overall incidence rate was 
6.31 per 100,000 population for children < 1 year of age, 
6.12 per 100,000 population for children ages 1–4 years, 
5.53 per 100,000 population for children ages 5–9 years, 
5.88 per 100,000 population for adolescents ages 
10–14 years, and 7.31 per 100,000 population for adoles-
cents ages 15–19 years.

Incidence Rates by Age at Diagnosis and 
Histopathology— The age-specific incidence rates by age 
and histopathology at diagnosis are shown in Table 3.

•	 Overall incidence rates of all brain and other CNS 
tumors by histopathology declined with increasing age 
from < 1 year of age to 10–14 years groups. Adolescents 
ages 15–19 years had the highest annual average age-
specific incidence rate for all primary brain and other 
CNS tumors (7.31 per 100,000).

•	 The incidence rates of all gliomas were highest in 
children ages 1–4  years (3.55 per 100,000) and lowest 
among adolescents ages 15–19 years (2.23 per 100,000).

•	 Incidence rates of choroid plexus tumors, embryonal tumors, 
choroid plexus tumors decreased with age, respectively.

•	 Incidence rates of neuronal and mixed neuronal-glial 
tumors, tumors of the cranial and spinal nerves, and 
tumors of the sellar region increased with age.

Diffuse intrinsic pontine glioma (DIPG) is a particularly 
devastating type of high-grade glioma that occurs in 
children. These tumors do not have a distinct ICD-O-3 site 
code in cancer registry data, but incidence of high-grade 
glioma of the brain stem is presented in Table 4.

•	 Overall incidence rate of high-grade glioma of the brain 
stem was 0.35 per 100,000 population.

•	 These tumors occurred more frequently in children 
ages 5–9  years, where incidence is 0.56 per 100,000 
population.

•	 Incidence of these tumors was highest in White (0.34 
per 100,000) and Black (0.38 per 100,000) children and 
adolescents, and was higher in non-Hispanic (0.37 per 
100,000) as compared to Hispanic (0.28 per 100,000) 
children and adolescents.

Age-Specific Incidence Rates by Site and Age Groups— 
Incidence rates for each site by age are shown in Table 5.

•	 The site with the highest incidence of brain and other 
CNS tumors was the pituitary gland (0.95 per 100,000), 
followed by cerebellum (0.89 per 100,000).

  

Fig. 4  Distributiona in Children and Adolescents Ages 0–19 Years of All Primary Malignant and Non-Malignant Brain and Other Central Nervous 
System Tumors (Five-Year Total = 25,497; Annual Average Cases = 5,099) by A) Site and B) Histopathology, CBTRUS Childhood and Adolescent 
Report: US Cancer Statistics—NPCR and SEER, 2014–2018.
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•	 In infants (< 1 year of age), the site with the highest inci-
dence was brain, NOS (1.07 per 100,000). This may refer 
to the pons (which does not have a specific location code 
in the ICD-O-3 system) or to tumors that were otherwise 
not able to be biopsied. The second most frequently 
occurring site was the ventricle (1.05 per 100,000).

•	 In children 1–4 years, the most common occurring site 
was the cerebellum (1.23 per 100,000), followed by the 
optic nerve (0.85 per 100,000).

•	 In children 5–9  years, the site with highest incidence 
was cerebellum (1.12 per 100,000), followed by the brain 
stem (0.86 per 100,000).

•	 In children 10–14 years, the sites with highest incidence 
were the pituitary gland (0.79 per 100,000) and the cere-
bellum (0.56 per 100,000).

•	 In adolescents 15–19 years, the sites with highest inci-
dence were the pituitary gland (2.50 per 100,000) and the 
temporal lobe (0.54 per 100,000).

Median Age at Diagnosis

The median age at diagnosis for all primary brain and 
other CNS tumors among children and adolescents ages 
0–19 years was 9 years old (Table 2).

•	 The histopathology-specific median ages ranged from 
1 year for ATRT to 16 years for tumors of the sellar region 
and subtype tumors of the pituitary.

•	 Choroid plexus tumors, embryonal tumors, ATRT, and 
other embryonal tumors were histopathologies with 
median age < 6 years of age at diagnosis.

•	 ATRT and other embryonal tumors were primarily 
diagnosed in infants and children 0–9  years of age at 
diagnosis, while tumors of the pineal region, lymphomas 
and hematopoietic neoplasms, tumors of the pituitary, 
and craniopharyngioma were rarely diagnosed in 
infants < 1 year of age.

  
Table 4.  Annual Average Totala, Age-Specific Incidence Ratesb, and One-, Five-, Ten-, and Fifteen-Year Relative Survival with 95% Confidence 
Intervals for High Grade Glioma in the Brain Stemc Ages 0–19 Years by Sex, Age Groups, Race, and Hispanic Ethnicity, (CBTRUS: Incidence Data pro-
vided by CDC’s NPCR and NCI’s SEER Program, 2014–2018; Survival Data provided by CDC’s NPCR Program, 2001–2017)

Group Incidence Relative Survival

Annual Average 
Cases 

Rate (95% CI) 1-year RS  
(95% CI) 

5-year RS  
(95% CI) 

10-year RS  
(95% CI) 

15-year RS 
(95% CI) 

Sex       

  Male 136 0.33 (0.30–0.35) 63.2 (61.0–65.3) 39.6 (37.3–41.9) 38.1 (35.7–40.4) 37.3 (34.9–39.8)

  Female 149 0.37 (0.34–0.40) 59.9 (57.7–62.0) 35.1 (32.9–37.3) 33.3 (31.1–35.5) 32.9 (30.6–35.1)

Age       

  <1 year 6 0.15 (0.10–0.22) 80.5 (69.4–87.9) 75.8 (64.0–84.2) 73.6 (61.1–82.6) 73.6 (61.1–82.6)

  1–4 years 61 0.38 (0.34–0.43) 62.1 (58.9–65.1) 32.3 (29.2–35.4) 29.9 (26.8–33.1) 28.4 (25.2–31.7)

  5–9 years 115 0.56 (0.52–0.61) 49.4 (47.0–51.9) 25.1 (22.9–27.3) 24.2 (22.0–26.5) 24.0 (21.7–26.3)

  10–14 years 67 0.33 (0.29–0.36) 73.4 (70.2–76.3) 51.7 (48.1–55.2) 50.4 (46.7–54) 50.1 (46.3–53.8)

  15–19 years 36 0.17 (0.15–0.20) 79.6 (75.4–83.1) 60.8 (55.8–65.4) 56.9 (51.5–61.9) 56.9 (51.5–61.9)

Race       

  White 211 0.34 (0.32–0.36) 62.2 (60.4–63.9) 39.1 (37.3–41.0) 37.4 (35.5–39.3) 36.8 (34.9–38.7)

  Black 52 0.38 (0.34–0.43) 57.6 (53.7–61.3) 29.2 (25.6–32.9) 27.1 (23.5–30.9) 26.6 (22.8–30.5)

 � American Indian/
Alaska Native

<16 total cases 
from 2014–2018

<16 total cases 
from 2014–2018

< 50 cases < 50 cases < 50 cases < 50 cases

 � Asian or Pacific 
Islander

13 0.26 (0.20–0.33) 57.5 (49.5–64.6) 31.7 (24.5–39.2) 30.8 (23.6–38.3) 30.8 (23.6–38.3)

Ethnicity       

  Non-Hispanic 228 0.37 (0.35–0.39) 63.5 (61.7–65.1) 39.3 (37.4–41.1) 37.7 (35.8–39.5) 37 (35.1–38.9)

  Hispanic 56 0.28 (0.25–0.31) 54.2 (50.8–57.6) 30.1 (26.9–33.4) 28.0 (24.7–31.4) 27.7 (24.4–31.1)

Total 285 0.35 (0.33–0.37) 61.5 (59.9–63.0) 37.3 (35.7–38.9) 35.6 (34.0–37.3) 35.1 (33.4–36.7)

aAnnual average cases are calculated by dividing the five-year total by five.
bRates are per 100,000.
cICD-O-3 site code C71.7 and ICD-O-3 morphology codes 9380, 9381, 9400, 9401, 9440, 9441, 9442/3, 9451, 9460 (See Supplementary Tables 1 and 2 
for more information).
Incidence data are not presented when fewer than 16 cases were reported for the specific category and survival data is not presented when fewer 
than 50 cases were reported for the specific category.
Abbreviations: CBTRUS, Central Brain Tumor Registry of the United States; CI, confidence interval; NOS, not otherwise specified; CDC, Centers 
for Disease Control and Prevention; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; RS, Relative Survival; SEER, 
Surveillance, Epidemiology and End Results Program.
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Sex-, Race-, And Hispanic Ethnicity-Specific 
Incidence Rates

Distribution and Incidence by Sex, Behavior, and 
Histopathology— Overall incidence of primary brain and 
other CNS tumors by sex and behavior are shown in Table 
1. Incidence rates, counts of total cases and annual average 
cases by sex and histopathology are shown in Table 2 
and Figure 5, and are further stratified by age groups in 
Supplementary Table 4.

•	 Overall, 50.1% of all primary brain and other CNS tumors 
in children and adolescents diagnosed between 2014–
2018 occurred in males (12,780 tumors) and 49.9% in 
females (12,717 tumors) (Table 2).

•	 Approximately 54.4% of the annual average malignant 
tumor cases occurred in males (1,584 tumors between 
2014–2018) and 45.6% in females (1,326 tumors between 
2014–2018) (Table 1).

•	 Incidence rates for all primary brain and other CNS 
tumors combined were higher among females (6.35 per 
100,000) than males (6.11 per 100,000).

•	 Incidence was higher in males than females for 
histopathologies including other low-grade glioma (0.57 
vs 0.49 per 100,000), ependymal tumors (0.32 vs 0.26 per 
100,000), medulloblastoma (0.51 vs 0.30 per 100,000), 
and germ cell tumors (0.28 vs 0.13 per 100,000).

•	 Incidence was higher in females than males for tumors 
of the pituitary (1.34 vs 0.45 per 100,000).

Incidence Rates by Race, Behavior, and Histopathology— 
Overall incidence of primary brain and other CNS tumors 
by race and behavior are shown in Table 1. Incidence rates, 
counts of total cases and annual average cases by race and 
histopathology are shown in Table 6 and Figure 6, and are 
further stratified by age groups in Supplementary Table 4.

•	 Incidence rates for all primary brain and other CNS 
tumors combined were lower for AIAN children and 
adolescents (3.31 per 100,000) compared to White 
children and adolescents (6.44 per 100,000), Black 
children and adolescents (4.88 per 100,000), and API 
(5.66 per 100,000) children and adolescents.

•	 Incidence rates for non-malignant primary brain and 
other CNS tumors were highest in White children and 
adolescents (2.75 per 100,000) compared to Black 
children and adolescents (2.15 per 100,000), AIAN 
children and adolescents (1.52 per 100,000), and API 
(2.40 per 100,000) children and adolescents.

•	 Incidence rates for malignant primary brain and 
other CNS tumors were highest in White children and 
adolescents (3.69 per 100,000), compared to Black 
children and adolescents (2.73 per 100,000), AIAN 
children and adolescents (1.79 per 100,000), and API 
(3.26 per 100,000) children and adolescents.

•	 AIAN children and adolescents had lowest incidence in 
all histopathology groups. This may reflect differences in 
access to diagnostic care.

•	 Incidence of embryonal tumors, medulloblastoma, 
ATRT, tumors of cranial and spinal nerves, lymphomas S

it
e 

0–
19

 y
ea

rs
<1

 y
ea

r
1–

4 
ye

ar
s

5–
9 

ye
ar

s
10

–1
4 

ye
ar

s
15

–1
9 

ye
ar

s

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 R
at

e 
(9

5%
 C

I)
 

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 R
at

e 
(9

5%
 C

I)
 

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 R
at

e 
(9

5%
 C

I)
 

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 R
at

e 
(9

5%
 C

I)
 

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 R
at

e 
(9

5%
 C

I)
 

To
ta

l 
C

as
es

 
(2

01
4–

20
18

) 

A
n

n
u

al
 

A
ve

ra
ge

 
R

at
e 

(9
5%

 C
I)

 

P
in

ea
l g

la
n

d
69

8
14

0
0.

17
 (0

.1
6–

0.
18

)
22

4
0.

11
 (0

.0
7–

0.
17

)
69

14
0.

09
 (0

.0
7–

0.
11

)
13

3
27

0.
13

 (0
.1

1–
0.

15
)

22
9

46
0.

22
 (0

.1
9–

0.
25

)
24

5
49

0.
23

 (0
.2

0–
0.

26
)

O
lf

ac
to

ry
 tu

m
o

rs
 o

f 
th

e 
n

as
al

 c
av

it
yc

23
5

0.
01

 (0
.0

0–
0.

01
)

<1
6 

 
ca

se
s

--
--

<1
6 

 
ca

se
s

--
--

<1
6 

ca
se

s
--

--
<1

6 
ca

se
s

--
--

<1
6 

ca
se

s
--

--

To
ta

l
25

,4
97

5,
09

9
6.

23
 (6

.1
5–

6.
30

)
1,

23
5

24
7

6.
31

 (5
.9

6–
6.

67
)

4,
87

1
97

4
6.

12
 (5

.9
5–

6.
29

)
5,

62
8

1,
12

6
5.

53
 (5

.3
9–

5.
68

)
6,

07
4

1,
21

5
5.

88
 (5

.7
3–

6.
03

)
7,

68
9

1,
53

8
7.

31
 (7

.1
4–

7.
47

)

a Ra
te

s 
ar

e 
pe

r 1
00

,0
00

.
b Th

e 
si

te
s 

re
fe

rr
ed

 to
 in

 th
is

 ta
bl

e 
ar

e 
lo

os
el

y 
ba

se
d 

on
 th

e 
ca

te
go

rie
s 

an
d 

si
te

 c
od

es
 d

efi
ne

d 
in

 th
e 

SE
ER

 s
ite

/h
is

to
lo

gy
 v

al
id

at
io

n 
lis

t.
c IC

D-
O-

3 
hi

st
ol

og
y 

co
de

s 
95

22
–9

52
3 

on
ly

.
Da

ta
 a

re
 n

ot
 p

re
se

nt
ed

 w
he

n 
fe

w
er

 th
an

 1
6 

ca
se

s 
w

er
e 

re
po

rte
d 

fo
r t

he
 s

pe
ci

fic
 c

at
eg

or
y.

 A
ve

ra
ge

 a
nn

ua
l c

ou
nt

s 
an

d 
as

so
ci

at
ed

 ra
te

s 
ca

nn
ot

 b
e 

pr
ov

id
ed

 w
he

n 
to

ta
l c

as
es

 (2
01

4–
20

18
) a

re
 fe

w
er

 th
an

 1
6 

ca
se

s 
or

 w
he

n 
a 

va
lu

e 
ba

se
d 

on
 le

ss
 th

an
 1

6 
ca

se
s 

ca
n 

be
 b

ac
k-

ca
lc

ul
at

ed
 u

si
ng

 a
 c

el
l. 

Su
pp

re
ss

ed
 c

as
es

 a
re

 in
cl

ud
ed

 in
 th

e 
to

ta
l c

ou
nt

.
A

b
b

re
vi

at
io

n
s:

 C
BT

RU
S,

 C
en

tra
l B

ra
in

 T
um

or
 R

eg
is

try
 o

f t
he

 U
ni

te
d 

St
at

es
; C

I, 
co

nfi
de

nc
e 

in
te

rv
al

; C
DC

, C
en

te
rs

 fo
r D

is
ea

se
 C

on
tro

l a
nd

 P
re

ve
nt

io
n;

 N
CI

, N
at

io
na

l C
an

ce
r I

ns
tit

ut
e;

 N
PC

R,
 N

at
io

na
l P

ro
gr

am
 o

f C
an

ce
r R

eg
is

tri
es

; S
EE

R,
 S

ur
ve

ill
an

ce
, 

Ep
id

em
io

lo
gy

 a
nd

 E
nd

 R
es

ul
ts

 P
ro

gr
am

.

  

Ta
bl

e 
5.

 
Co

nt
in

ue
d

D
ow

nloaded from
 https://academ

ic.oup.com
/neuro-oncology/article/24/Supplem

ent_3/iii1/6692860 by guest on 20 Septem
ber 2022

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac161#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noac161#supplementary-data


 iii14 Ostrom et al. CBTRUS Statistical Report

and hematopoietic neoplasms, and germ cell tumors 
observed for API children and adolescents exceeded 
those observed for White, Black, and AIAN children and 
adolescents.

•	 While there are histopathologies where significant dif-
ferences in incidence were observed by race, in most 
cases the actual difference in incidence races is small 
and may not be biologically significant.

Incidence Rates by Hispanic Ethnicity, Behavior, and 
Histopathology.— Incidence rates by Hispanic ethnicity 
and histopathology are shown in Table 1. Incidence counts 
of total cases, average annual age-specific rates, and inci-
dence rate ratios by Hispanic ethnicity and histopathology 
are shown in Table 6 and Figure 7.

•	 The overall incidence rate for primary brain and other 
CNS tumors in children and adolescents was 6.52 per 
100,000 population among non-Hispanic children and 
adolescents and 5.33 per 100,000 population among 
their Hispanic counterparts.

•	 Tumors of the sellar region and tumors of the pitui-
tary were the only histopathologies that were higher in 
Hispanic than in non-Hispanics children and adolescents.

•	 While there were histopathologies where significant 
differences in incidence were observed by Hispanic 

ethnicity, in most cases the actual difference in incidence 
rates is small and may not be biologically significant.

Frequency of and Incidence of Molecularly-
Defined Brain and Other CNS Tumor 
Histopathologies

Beginning in diagnosis year 2018, US cancer registry 
systems began collecting data on molecularly defined 
histopathologies introduced in the 2016 WHO classifica-
tion of tumours of the CNS, including IDH1/2 mutation 
and 1p/19q codeletion status for adult-type diffuse glioma, 
and medulloblastoma subtypes. Total cases of these 
histopathologies diagnosed in 2018–2019, age-specific in-
cidence rates, median age of diagnosis, and distribution by 
sex and race/ethnicity are shown in Table 7.

•	 While adult-type diffuse glioma is rare in children and 
adolescents, IDH1/2 - mutant astrocytoma had an inci-
dence rate of 0.09 per 100,000 population, while IDH1/2 
- wildtype astrocytoma had an incidence rate of 0.17 per 
100,000 population. Median age of diagnosis for these 
subtypes was 15 and 10 years, respectively.

•	 The most common medulloblastoma subtype is 
non-WNT/non-SHH, which had an incidence rate of 
0.08 per 100,000 population and a median age of 

  

Fig. 5  Incidence Rates and Incidence Rate Ratios (IRR) with 95% Confidence Intervals by Sex for Selected Primary Brain and Other Central 
Nervous System Tumor Histopathologies in Children and Adolescents Ages 0–19 Years, CBTRUS Childhood and Adolescent Report: US Cancer 
Statistics—NPCR and SEER, 2014–2018. 
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diagnosis of 7  years. SHH-activated & TP53 - wildtype 
medulloblastoma was the second most commonly 
occurring subtype, with an incidence rate of 0.05 per 
100,000 and a median age of diagnosis of 4.5  years. 
Incidence of WNT-activated medulloblastoma was 
0.02 per 100,000 population, with median age of di-
agnosis of 9  years. SHH-activated and TP53-mutant 
medulloblastoma was too rare to calculate incidence.

•	 Molecular subtype data was missing for many 
medulloblastoma cases, but the completeness of these 
data are expected to increase in future years.

•	 Embryonal tumor with multilayered rosettes, C19MC-
altered had an incidence rate of 0.02 per 100,000 popula-
tion and a median age of diagnosis of 2 years.

•	 Diffuse midline glioma, H3 K27M-mutant had an inci-
dence rate of 0.12 per 100,000 population and a median 
age of diagnosis of 8 years.

Incidence Time Trends

Time trends in cancer incidence are important measures of 
the changing burden of cancer in a population over time. 
Many factors may lead to fluctuations in rates over time, 
and all of these must be considered when interpreting 

time trends results. When assessing trends in incidence 
over time it is critical to use the most recent data available, 
as delays in reporting may cause small fluctuations in inci-
dence. Time trends analysis methods are used to estimate 
if the annual percentage change (APC) is significantly dif-
ferent from 0% (meaning no change in incidence from year 
to year). In addition to assessing statistical significance 
of changes in incidence over time, the size of this change 
must also be considered because with datasets as large 
as CBTRUS very small fluctuations in incidence over time 
may be statistically significant but not truly represent a 
large change in proportion of individuals over time.

Annual age-specific incidence rates and APC for all pri-
mary brain and other CNS tumors in comparison to other 
common childhood and adolescent cancers are shown in 
Figure 8.

•	 Overall, incidence of all primary malignant and non-
malignant brain and other CNS tumors increased sig-
nificantly from 2004 to 2013 (APC = 2.1%; 95% CI: 1.6% 
- 2.7%), followed by relatively stable incidence after 2013.

•	 Incidence of leukemia increased slightly over the entire 
period (APC = 0.5%, 95%CI: 0.1%-0.8%).

•	 Incidence of lymphoma increased from 2004–2015 
(APC = 2.2%, 95%CI: 1.6%-2.9%), but was stable 
thereafter.

  

Fig. 6  Incidence Rate and Incidence Rate Ratios (IRR) with 95% Confidence Intervals by Race for Selected Primary Brain and Other Central 
Nervous System Tumor Histopathologies in Children and Adolescents Ages 0–19 Years, CBTRUS Childhood and Adolescent Report: US Cancer 
Statistics—NPCR and SEER, 2014–2018.
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•	 Incidence of malignant bone tumors, soft tissue tumors, 
and non-CNS germ cell tumors remained stable across 
the entire period.

Annual age-specific incidence rates and APC for selected 
histopathologies overall and by age groups are shown 
in Figure 9. Complete APC results are available in 
Supplementary Table 7.

•	 Incidence of pilocytic astrocytoma increased significantly 
from 2004 to 2018 (APC = 1.2%; 95%CI = 0.5% -1.9%). This 
increase was highest in infants 0–3 years old, where APC 
was 2.9% (95%CI: 1.9% - 4.0%)

•	 High grade glioma incidence increased slightly, but signifi-
cantly from 2004 to 2016 (APC = 2.1%; 95%CI: 1.2% - 3.1%).

•	 There was a significant increase in incidence of tumors 
of the pituitary from 2004 to 2012 (APC = 7.2%; 95%CI: 
4.8% - 9.7%) followed by relatively stable incidence 
after 2012.

•	 The increases in incidence in tumors frequently diag-
nosed by imaging alone, such as tumors of the pituitary, 
are partially attributable to improved collection of radio-
graphically diagnosed cases as well as improvement in 
collection of non-malignant cases in general over time.

Age-, Sex-, Race-, Ethnicity- and State-Specific 
Brain Tumor Mortality Rates

Age-specific mortality rates for primary malignant 
brain and other CNS tumors in the United States during 
2014–2018 overall, by sex, race, Hispanic ethnicity, age 
groups and state are shown in Table 1, Figure 10, and 
Supplementary Table 4.

•	 Mortality due to primary malignant brain tumors was 
higher in males as compared to females (0.71 per 
100,000 as compared to 0.60 per 100,000).

•	 Children ages 5–9 years had the highest mortality of any 
age group (0.93 per 100,000).

•	 Mortality was highest in White (0.68 per 100,000) and 
Black (0.65 per 100,000) children and adolescents as 
compared to other racial groups.

•	 Non-Hispanic children and adolescents had higher 
mortality as compared to Hispanic children and ado-
lescents (0.68 per 100,000 as compared to 0.60 per 
100,000).

•	 Mortality due to primary malignant brain and CNS 
tumors varied by state, from a minimum of 0.33 per 
100,000 to 1.50 per 100,000 population.

  

Fig. 7  Incidence Rates and Incidence Rate Ratios (IRR) with 95% Confidence Intervals by Hispanic Ethnicity for Selected Primary Brain and 
Other Central Nervous System Tumor Histopathologies in Children and Adolescents Ages 0–19 Years, CBTRUS Childhood and Adolescent Report: 
US Cancer Statistics—NPCR and SEER, 2014–2018.
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Mortality Time Trends

Time trends in cancer mortality are important measures of 
the changing burden of cancer in a population over time. 
Many factors may lead to fluctuations in rates over time, 
and all of these must be considered when interpreting 
time trends. When assessing trends in mortality over time 
it is critical to use the most recent data available, as delay 
in reporting may cause small fluctuations in incidence. 
Time trends analysis methods are used to estimate if the 
APC is significantly different from 0% (meaning no change 
in mortality from year to year).

Annual age-specific mortality rates and APC for selected 
major causes of cancer death as compared to brain and other 
CNS tumors from 1975 to 2018 are shown in Figure 11 and 
shown in Figure 12 for annual age-specific mortality rates 
and APC due to primary malignant brain and other CNS tu-
mors by age groups. Complete APC results are available in 
Supplementary Table 8.

•	 Overall, mortality due to cancer has decreased in children 
and adolescents ages 0–19 years since 1975.

•	 Some of the biggest decreases have come in leukemia, 
where mortality decreased by 4.4% per year from 1969 to 
1984 (95% CI: -4.7% – -4.1%) and by 2.8% per year from 
1984 to 2018 (95% CI: -2.9% – -2.7%).

•	 While mortality due to brain and other CNS tumors also de-
creased by -2.5% from 1969 to 1978 (95% CI: -3.4% – -1.5%) 
and 0.9% from 1978 to 2007 (95% CI: -1.1% – -0.8%), there 
has been no significant change in brain and other CNS 
tumor morality in children and adolescents since 2007.

•	 Although leukemia has historically been the most 
significant contributor to cancer death in children and 
adolescents, this trend now means that brain and other 
CNS tumors are the greatest source of cancer death in 
this age group.

•	 Only the youngest age group has continued to make 
improvements in mortality rates due to brain and other 

CNS tumors. In children 0–4 years old, mortality has de-
creased 1.4% per year from 1969–2018 (95% CI: -1.6% – 
-1.3%). Mortality remains stable in all older childhood 
and adolescent age groups.

Age-, Sex-, Race-, and Ethnicity-Specific Relative 
Survival

Five-year relative survival estimates for primary malig-
nant and non-malignant brain and other CNS tumors in 
the United States during 2001–2017 overall, by sex, race, 
Hispanic ethnicity and age groups are shown in Table 1.

•	 Five-year relative survival was higher in females (85.1%) 
as compared to males (82.8%). When stratified by be-
havior, five-year survival estimates did not differ by sex 
for malignant tumors only.

•	 Adolescents ages 15–19 years had the highest five-year 
relative survival of any age group (90.5%).

•	 For malignant tumors only, survival was lowest in in-
fants < 1  year old (60.3%), and highest in children and 
adolescents ages 10–14 (80.1%) and 15–19 years (79.3%).

•	 Five-year relative survival was highest in White children 
and adolescents (84.6%), and lowest in Black children 
and adolescents (79.1%). When stratified by behavior, 
this was also true in malignant tumors only (76.8% as 
compared to 68.3%).

•	 Non-Hispanic children and adolescents had higher five-
year relative survival (84.4%) as compared to Hispanic 
children and adolescents (82.1%). When stratified by 
behavior, this was also true in malignant tumors only 
(76.5% as compared to 71.7%).

Age-, Site-, and Histopathology-Specific Relative 
Survival

Relative survival estimates for brain and other CNS 
tumors by histopathology and age at diagnosis are 
shown in Table 8.

•	 Overall, one-year survival for all primary brain and other 
CNS tumors in children and adolescents was 92.5%, this 
declined to 83.9% for five-year survival, and 81.1% for 
ten-year survival.

•	 There was large variation in survival estimates 
depending upon tumor histopathology; five-year 
survival rates were 96.8% for pilocytic astrocytoma 
but are 33.3% for ATRT and 33.6% for high grade 
glioma.

•	 Relative survival in high grade glioma was 64.7% one 
year after diagnosis, but declined to 33.6% five years 
after diagnosis, and 30.5% at 10 years after diagnosis.

•	 For embryonal tumors, one-year relative survival was 
82.3% but declined to 63.5% five years after diagnosis, 
and 58.1% at 10 years after diagnosis.

•	 For pilocytic astrocytoma, survival was high across all esti-
mates: one-year relative survival was 98.8%, while five- and 
ten-year relative survival was 96.8% and 95.4%, respectively.

•	 Within each histopathology, relative survival estimates 
vary substantially by age group.

  

Fig. 8  Annual Age-Specific Incidence Rates of All Primary 
Malignant and Non-Malignant Brain and Other Central Nervous 
System Tumors in Children and Adolescents Ages 0–19 Years, and 
Incidence Trends in Comparison to Other Common Childhood and 
Adolescent Cancers, CBTRUS Childhood and Adolescent Report: 
US Cancer Statistics—NPCR and SEER, 2004–2018.
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Fig. 9  Annual Age-Specific Incidence Rates and Annual Percent Change (APC) with 95% Confidence Intervals (95% CI) of Selected 
Primary Malignant and Non-Malignant Brain and Other Central Nervous System Tumors and Incidence Trends by the Five Most Common 
Histopathologies by Age Group in All (Ages 0–19 Years), Infants (0–3 Years), Children (Ages 4–14 Years), and Adolescents (Ages 15–19 Years), 
CBTRUS Childhood and Adolescent Report: US Cancer Statistics—NPCR and SEER, 2004–2018.
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Relative survival estimates for brain and other CNS tumors 
by site and age are shown in Table 9.

•	 The highest five-year survival was for tumors occurring 
in the cranial nerves (98.3%).

•	 The lowest five-year survival was for tumors of the brain 
stem (58.2%).

•	 Within each site, relative survival estimates vary sub-
stantially by age group.

  

Fig. 11  Annual Age-Specific Mortality Rates of Primary 
Malignant and Non-Malignant Brain and Other Central Nervous 
System Tumors and Morality Trends in Children and Adolescents 
Ages 0–19 Years in Comparison to Other Common Childhood and 
Adolescent Cancers, CBTRUS Childhood and Adolescent Report: 
NVSS, 1969–2018. 
  

  

Fig. 12  Annual Age-Specific Mortality Rates of Primary 
Malignant and Non-Malignant Brain and Other Central Nervous 
System Tumors and Mortality Trends in Children and Adolescents 
Ages 0–19 Years by Age Group, CBTRUS Childhood and Adolescent 
Report: NVSS, 1969–2018.
  

  

Fig. 10  Average Annual Age-Specific Mortality Rates for Malignant Primary Brain and Other Central Nervous System Tumors in Children and 
Adolescents Ages 0–19 Years by Central Cancer Registry, CBTRUS Childhood and Adolescent Report: NVSS, 2014–2018. 
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Table 8.  One-, Five-, and Ten-Year Relative Survival Ratesa,b for Selected Malignantc and Non-Malignantd Brain and Other Central Nervous System 
Tumors Ages 0–19 Years by Age Groups and Histopathology, NPCR, 2001–2017 (varying)

Histopathology Age Group Total Cases 
(2001–2017) 

1-year RS  
(95% CI) 

5-year RS  
(95% CI) 

10-year RS  
(95% CI) 

Gliomas 0–19 years 31,698 90.7 (90.4–91.0) 80.0 (79.5–80.5) 77.2 (76.6–77.7)

<1 year 1,344 88.8 (86.9–90.4) 78.6 (76.1–80.8) 73.1 (70.2–75.7)

1–4 years 7,919 92.1 (91.5–92.7) 83.1 (82.2–83.9) 80.2 (79.2–81.2)

5–9 years 8,481 85.6 (84.8–86.3) 74.6 (73.7–75.6) 72.5 (71.5–73.6)

10–14 years 7,496 92.5 (91.9–93.1) 82.0 (81.1–82.9) 79.9 (78.8–80.9)

15–19 years 6,458 94.1 (93.5–94.6) 81.2 (80.1–82.2) 77.2 (76.0–78.4)

 Pilocytic astrocytoma 0–19 years 10,532 98.8 (98.6–99.0) 96.8 (96.4–97.1) 95.4 (94.9–95.9)

<1 year 301 93.0 (89.2–95.5) 78.0 (72.4–82.7) 70.0 (63.3–75.6)

1–4 years 2,793 99.0 (98.5–99.3) 97.4 (96.6–97.9) 95.8 (94.8–96.7)

5–9 years 2,971 99.0 (98.6–99.3) 97.5 (96.8–98.1) 96.4 (95.5–97.1)

10–14 years 2,626 98.9 (98.4–99.2) 97.7 (96.9–98.2) 96.5 (95.4–97.3)

15–19 years 1,841 99.2 (98.6–99.5) 96.6 (95.6–97.5) 95.9 (94.6–96.9)

 Other Low grade glioma 0–19 years 6,459 96.6 (96.2–97.1) 89.7 (88.9–90.5) 86.4 (85.4–87.4)

<1 year 367 94.7 (91.6–96.7) 89.2 (85.1–92.2) 86.8 (82.2–90.3)

1–4 years 1,117 96.6 (95.4–97.5) 91.8 (90.0–93.4) 90.4 (88.3–92.2)

5–9 years 1,358 95.8 (94.6–96.8) 89.0 (87.1–90.6) 86.2 (83.9–88.1)

10–14 years 1,706 96.6 (95.6–97.4) 90.1 (88.5–91.5) 87.9 (86.0–89.6)

15–19 years 1,911 97.6 (96.8–98.2) 88.7 (87.0–90.2) 82.8 (80.6–84.8)

 High grade glioma 0–19 years 6,551 64.7 (63.5–65.9) 33.6 (32.4–34.8) 30.5 (29.3–31.8)

<1 year 237 71.2 (64.8–76.6) 64.1 (57.3–70.1) 61.6 (54.5–68.0)

1–4 years 1,245 62.6 (59.8–65.2) 34.0 (31.3–36.8) 31.1 (28.3–34.0)

5–9 years 2,189 52.0 (49.9–54.1) 23.5 (21.6–25.4) 21.7 (19.8–23.6)

10–14 years 1,548 71.9 (69.6–74.1) 38.8 (36.2–41.4) 36.0 (33.3–38.6)

15–19 years 1,332 78.2 (75.8–80.3) 38.3 (35.5–41.2) 32.4 (29.5–35.4)

 Other glioma 0–19 years 18,688 97.9 (97.7–98.1) 93.0 (92.5–93.3) 90.3 (89.8–90.8)

<1 year 740 91.5 (89.1–93.4) 78.0 (74.6–81.1) 70.1 (66.0–73.9)

1–4 years 5,557 97.9 (97.5–98.3) 92.5 (91.7–93.2) 89.2 (88.2–90.2)

5–9 years 4,934 97.8 (97.4–98.2) 93.5 (92.7–94.2) 91.4 (90.5–92.3)

10–14 years 4,242 98.4 (98.0–98.8) 94.5 (93.7–95.2) 92.6 (91.5–93.5)

15–19 years 3,215 98.6 (98.1–99.0) 94.4 (93.4–95.2) 92.3 (91.0–93.3)

Choroid plexus tumors 0–19 years 1,037 95.5 (94.0–96.6) 89.2 (86.9–91.1) 86.1 (83.4–88.5)

<1 year 321 92.8 (89.2–95.3) 87.1 (82.5–90.6) 85.0 (79.6–89.0)

1–4 years 343 94.9 (91.9–96.8) 85.9 (81.3–89.4) 83.4 (78.4–87.3)

5–9 years 126 96.8 (91.6–98.8) 90.0 (82.5–94.4) 85.4 (76.0–91.3)

10–14 years 128 99.2 (94.3–99.9) 93.7 (87.1–97.0) 91.5 (81.9–96.1)

15–19 years 119 99.2 (93.6–99.9) 98.3 (92.8–99.6) 91.8 (81.0–96.6)

Neuronal and mixed neuronal-
glial tumors

0–19 years 2,818 98.6 (98.0–99.0) 95.5 (94.6–96.3) 94.3 (93.2–95.3)

<1 year 79 91.3 (81.9–96.0) 87.0 (76.6–93.0) 87.0 (76.6–93.0)

1–4 years 367 98.1 (95.9–99.1) 94.4 (91.1–96.6) 93.4 (89.6–95.8)

5–9 years 524 98.2 (96.6–99.1) 93.3 (90.5–95.3) 92.3 (89.2–94.5)

10–14 years 873 99.2 (98.3–99.6) 96.7 (95.0–97.8) 95.9 (93.9–97.3)

15–19 years 975 99.0 (98.0–99.5) 96.8 (95.2–97.9) 94.9 (92.6–96.5)
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(2001–2017) 
1-year RS  
(95% CI) 

5-year RS  
(95% CI) 

10-year RS  
(95% CI) 

Tumors of the pineal region 0–19 years 550 89.4 (86.5–91.8) 69.9 (65.5–73.9) 62.8 (57.8–67.3)

<1 year <50 cases -- -- --

1–4 years 126 77.4 (69.0–83.8) 50.5 (41.0–59.3) 49.3 (39.7–58.2)

5–9 years 131 96.8 (91.7–98.8) 74.2 (64.4–81.6) 66.4 (55.7–75.0)

10–14 years 118 98.3 (93.2–99.6) 83.6 (74.9–89.5) 69.5 (57.6–78.7)

15–19 years 145 94.4 (89.0–97.2) 78.8 (70.2–85.2) 71.3 (60.9–79.3)

Embryonal tumors 0–19 years 7,397 82.3 (81.4–83.1) 63.5 (62.3–64.7) 58.1 (56.8–59.4)

<1 year 846 54.9 (51.4–58.2) 41.6 (38.2–45.1) 39.1 (35.6–42.6)

1–4 years 2,581 74.6 (72.9–76.3) 55.0 (53.0–57.0) 51.7 (49.5–53.8)

5–9 years 2,124 92.7 (91.5–93.7) 73.5 (71.4–75.5) 67.7 (65.3–69.9)

10–14 years 1,154 94.3 (92.8–95.5) 74.6 (71.8–77.3) 66.9 (63.5–70.0)

15–19 years 692 92.6 (90.4–94.4) 72.9 (69.1–76.3) 61.7 (57.2–65.8)

 Medulloblastoma 0–19 years 4,747 90.3 (89.4–91.1) 73.6 (72.2–74.9) 67.3 (65.7–68.8)

<1 year 160 66.9 (58.9–73.7) 56.6 (48.3–64.1) 53.3 (44.7–61.2)

1–4 years 1,393 82.6 (80.5–84.6) 64.2 (61.5–66.8) 60.4 (57.5–63.2)

5–9 years 1,750 94.3 (93.1–95.3) 76.4 (74.2–78.5) 70.2 (67.6–72.7)

10–14 years 915 96.2 (94.7–97.2) 80.8 (77.8–83.5) 73.6 (69.9–77.0)

15–19 years 529 94.4 (92.0–96.1) 81.4 (77.4–84.7) 69.4 (64.2–74.0)

 ATRT 0–19 years 1,000 53.2 (50.0–56.3) 33.3 (30.1–36.4) 30.9 (27.7–34.1)

<1 year 372 39.0 (33.9–44.0) 19.6 (15.5–24.0) 16.7 (12.6–21.3)

1–4 years 520 58.4 (54.0–62.6) 39.3 (34.7–43.7) 37.2 (32.6–41.9)

5–9 years 67 75.2 (62.7–84.0) 55.4 (41.2–67.6) 55.4 (41.2–67.6)

10–14 years <50 cases -- -- --

15–19 years <50 cases -- -- --

 Other embryonal tumors 0–19 years 487 80.7 (76.8–84.0) 67.1 (62.5–71.3) 64.0 (59.1–68.4)

<1 year 194 80.6 (74.1–85.6) 75.5 (68.5–81.1) 73.9 (66.6–79.8)

1–4 years 195 77.5 (70.8–82.8) 61.5 (53.9–68.3) 57.7 (49.6–64.9)

5–9 years 58 85.6 (73.2–92.5) 57.6 (43.0–69.8) 55.5 (40.8–67.9)

10–14 years <50 cases -- -- --

15–19 years <50 cases -- -- --

Tumors of cranial and spinal 
nerves

0–19 years 3,120 99.7 (99.4–99.9) 98.6 (98.1–99.0) 97.4 (96.4–98.0)

<1 year 184 100.0 (**-**) 97.8 (92.6–99.3) 96.8 (91.0–98.9)

1–4 years 651 100.0 (**-**) 99.2 (98.0–99.7) 98.9 (96.9–99.6)

5–9 years 650 99.7 (98.7–99.9) 99.0 (97.7–99.6) 97.8 (95.8–98.8)

10–14 years 659 99.4 (98.3–99.8) 98.0 (96.4–98.9) 97.3 (95.2–98.5)

15–19 years 976 99.6 (98.9–99.9) 98.6 (97.3–99.2) 96.0 (93.5–97.5)

Tumors of meninges 0–19 years 3,078 97.2 (96.5–97.7) 93.7 (92.6–94.5) 90.6 (89.1–91.9)

<1 year 369 95.1 (92.1–97.0) 92.0 (88.3–94.6) 91.1 (86.7–94.1)

1–4 years 402 95.1 (92.4–96.8) 91.0 (87.4–93.6) 87.2 (82.3–90.8)

5–9 years 377 96.7 (94.3–98.1) 92.4 (88.9–94.8) 87.8 (82.4–91.6)

10–14 years 651 97.9 (96.4–98.8) 94.5 (92.2–96.1) 91.5 (88.4–93.8)

15–19 years 1,279 98.2 (97.3–98.8) 94.9 (93.3–96.1) 91.9 (89.5–93.7)

Lymphomas and hematopoietic 
neoplasms

0–19 years 288 88.6 (84.3–91.8) 81.6 (76.2–85.8) 78.3 (72.2–83.2)

<1 year <50 cases -- -- --

1–4 years <50 cases -- -- --

5–9 years 69 94.1 (85.0–97.7) 92.3 (82.4–96.8) 92.3 (82.4–96.8)

10–14 years 70 92.6 (83.0–96.8) 80.0 (67.2–88.3) 76.0 (60.2–86.2)

15–19 years 106 83.7 (75.1–89.6) 74.9 (64.9–82.4) 73.5 (63.1–81.3)
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Relative survival estimates for high grade glioma of the 
brain stem are shown in Table 4.

•	 One-year survival after diagnosis with these tumors was 
61.5%, while 15-year survival was 35.1%.

•	 Five-year survival is highest in children diagnosed 
at < 1 year (75.8%) and lowest in children diagnosed at 
ages 5–9 years (25.1%).

Trends in Survival

Kaplan-Meier survival curves were generated for all 
high-grade gliomas (Figure 13A) and medulloblastoma 
(Figure 13B) in individuals 0–19 years of age, using a log 
rank test to evaluate differences. There were 5,364 high-
grade glioma patients and 3,698 medulloblastoma as-
sessed. Although increased survival in high-grade glioma 

Histopathology Age Group Total Cases 
(2001–2017) 

1-year RS  
(95% CI) 

5-year RS  
(95% CI) 

10-year RS  
(95% CI) 

Germ cell tumors 0–19 years 2,274 93.7 (92.6–94.7) 88.6 (87.2–90.0) 85.7 (83.9–87.3)

<1 year 163 65.0 (57.0–72.0) 61.5 (53.3–68.7) 61.5 (53.3–68.7)

1–4 years 101 89.7 (81.7–94.3) 83.6 (74.1–89.8) 80.5 (68.8–88.2)

5–9 years 379 95.9 (93.3–97.5) 92.3 (88.8–94.7) 87.2 (82.0–90.9)

10–14 years 869 97.1 (95.8–98.1) 91.2 (88.9–93.1) 87.8 (84.8–90.2)

15–19 years 762 95.5 (93.7–96.7) 90.4 (87.9–92.4) 88.2 (85.3–90.6)

Tumors of the pituitary 0–19 years 7,495 99.9 (99.8–100.0) 99.8 (99.5–99.9) 99.4 (98.9–99.6)

<1 year <50 cases -- -- --

1–4 years 80 98.7 (90.9–99.8) 97.2 (89.1–99.3) 94.8 (83.7–98.4)

5–9 years 552 100.0 (**-**) 100.0 (**-**) 100.0 (**-**)

10–14 years 1,501 99.9 (99.3–100.0) 99.6 (98.9–99.9) 99.2 (98.1–99.7)

15–19 years 5,336 99.9 (99.7–100.0) 99.9 (99.7–100.0) 99.5 (98.8–99.8)

Craniopharyngioma 0–19 years 2,099 98.5 (97.9–98.9) 95.4 (94.3–96.3) 92.2 (90.6–93.6)

<1 year <50 cases -- -- --

1–4 years 353 98.9 (96.9–99.6) 95.1 (91.8–97.1) 92.1 (87.5–95.1)

5–9 years 743 98.5 (97.3–99.2) 96.0 (94.1–97.3) 93.1 (90.3–95.1)

10–14 years 566 99.1 (97.8–99.6) 96.4 (94.2–97.8) 93.0 (89.6–95.3)

15–19 years 411 98.0 (96.0–99.0) 94.0 (90.8–96.1) 91.2 (86.7–94.2)

Other/unclassified tumors 0–19 years 3,371 92.5 (91.6–93.4) 89.8 (88.7–90.9) 88.8 (87.5–90.0)

<1 year 257 70.1 (63.9–75.4) 67.8 (61.6–73.3) 67.8 (61.6–73.3)

1–4 years 562 88.1 (85.1–90.6) 83.9 (80.4–86.8) 83.2 (79.7–86.2)

5–9 years 596 92.5 (90.0–94.4) 89.6 (86.7–91.9) 86.7 (82.9–89.7)

10–14 years 858 95.3 (93.6–96.5) 92.3 (90.2–94.0) 91.8 (89.4–93.6)

15–19 years 1,098 98.0 (96.9–98.7) 96.2 (94.7–97.3) 95.3 (93.3–96.7)

Totale 0–19 years 65,402 92.5 (92.2–92.7) 83.9 (83.6–84.2) 81.1 (80.7–81.4)

<1 year 3,639 80.3 (79.0–81.6) 71.9 (70.3–73.4) 68.6 (66.9–70.2)

1–4 years 13,562 89.4 (88.9–89.9) 79.3 (78.5–80.0) 76.5 (75.7–77.3)

5–9 years 14,774 90.0 (89.5–90.5) 79.9 (79.2–80.6) 77.1 (76.3–77.9)

10–14 years 14,997 95.1 (94.7–95.5) 87.0 (86.4–87.6) 84.5 (83.8–85.1)

15–19 years 18,430 96.9 (96.7–97.2) 90.5 (90.0–90.9) 87.5 (86.9–88.1)

aThe cohort analysis of survival rates was utilized for calculating the survival estimates presented in this table. Long-term cohort-based survival 
estimates reflect the survival experience of individuals diagnosed over the time period, and they may not necessarily reflect the long-term survival 
outlook of newly diagnosed cases.
bRates are an estimate of the percentage of patients alive at one, two, three, four, five, and ten year, respectively.
cAssigned behavior code of/3 by the International Classification for Disease, Oncology 3rd edition (see Supplementary Table 3).
dAssigned behavior code of/0 or/1 by the International Classification for Disease, Oncology 3rd edition (see Supplementary Table 3).
eIncludes histopathologies not listed in this table.
Data are not presented when fewer than 50 cases were reported for the specific category or where less than 16 individuals remain alive at the end 
of the observation period.
**Not able to be calculated.
Abbreviations: NPCR, National Program of Cancer Registries; RS, Relative Survival; ATRT, Atypical teratoid/rhabdoid tumor.
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Table 9.  One-, Five-, and Ten-Year Relative Survival Ratesa,b for Selected Malignantc and Non-Malignantd Brain and Other Central Nervous System 
Tumors Sites Ages 0–19 Years by Age Groups and Site, NPCR, 2001–2017 (varying)

Site Age Group Total Cases (2001–2017) 1-year RS (95% CI) 5-year RS (95% CI) 10-year RS (95% CI) 

 Frontal lobe 0–19 years 3,753 93.5 (92.6–94.2) 81.6 (80.2–82.9) 77.3 (75.6–78.8)

0 years 127 75.7 (66.9–82.4) 69.1 (59.7–76.7) 69.1 (59.7–76.7)

1–4 years 584 87.1 (84.1–89.6) 75.8 (71.9–79.2) 72.3 (68.0–76.2)

5–9 years 659 94.2 (92.1–95.8) 83.3 (80.0–86.1) 79.3 (75.4–82.6)

10–14 years 1,002 94.9 (93.3–96.2) 84.9 (82.3–87.2) 82.4 (79.4–85.0)

15–19 years 1,381 96.3 (95.1–97.2) 81.9 (79.5–84.0) 75.4 (72.4–78.1)

 Temporal lobe 0–19 years 4,339 96.5 (95.9–97.0) 89.5 (88.5–90.5) 86.3 (85.0–87.5)

0 years 159 93.5 (88.0–96.5) 88.5 (81.9–92.8) 87.6 (80.7–92.1)

1–4 years 646 94.4 (92.3–96.0) 90.6 (87.9–92.7) 87.4 (83.9–90.2)

5–9 years 842 96.0 (94.4–97.1) 88.0 (85.4–90.1) 84.9 (81.8–87.5)

10–14 years 1,225 96.4 (95.1–97.3) 90.0 (88.0–91.6) 87.0 (84.5–89.2)

15–19 years 1,467 98.1 (97.2–98.7) 89.8 (87.9–91.4) 85.8 (83.4–87.8)

 Parietal lobe 0–19 years 1,847 92.8 (91.5–93.9) 80.6 (78.5–82.4) 76.6 (74.2–78.7)

0 years 76 77.9 (66.6–85.8) 70.3 (58.1–79.5) 67.9 (55.1–77.7)

1–4 years 326 89.0 (85.0–92.0) 77.1 (71.9–81.6) 76.0 (70.6–80.6)

5–9 years 346 94.0 (90.9–96.1) 80.9 (75.9–84.9) 78.5 (73.1–82.9)

10–14 years 519 94.7 (92.3–96.3) 84.1 (80.3–87.1) 80.6 (76.3–84.2)

15–19 years 580 94.4 (92.2–96.0) 80.6 (76.9–83.8) 73.3 (68.5–77.4)

 Occipital lobe 0–19 years 765 96.4 (94.8–97.5) 88.7 (86.0–90.9) 85.1 (81.8–87.9)

0 years <50 cases -- -- --

1–4 years 106 92.2 (85.0–96.0) 82.3 (73.0–88.7) 77.5 (66.7–85.1)

5–9 years 142 97.1 (92.5–98.9) 91.1 (84.4–95.0) 89.0 (81.5–93.5)

10–14 years 228 98.6 (95.8–99.6) 90.0 (84.6–93.5) 88.4 (82.4–92.4)

15–19 years 251 96.8 (93.6–98.4) 89.3 (84.2–92.8) 83.8 (77.0–88.8)

Cerebrum 0–19 years 3,599 87.5 (86.4–88.6) 71.4 (69.8–72.9) 68.3 (66.6–70.0)

0 years 216 74.9 (68.4–80.2) 64.9 (57.8–71.1) 61.7 (54.2–68.3)

1–4 years 739 89.0 (86.4–91.1) 78.4 (75.1–81.4) 74.9 (71.1–78.3)

5–9 years 945 85.6 (83.2–87.8) 70.7 (67.5–73.6) 66.7 (63.2–70.0)

10–14 years 980 90.2 (88.1–91.9) 70.9 (67.7–73.8) 69.0 (65.7–72.1)

15–19 years 719 88.6 (86.0–90.8) 67.7 (63.9–71.2) 64.7 (60.5–68.5)

Ventricle 0–19 years 3,446 92.9 (91.9–93.7) 86.1 (84.9–87.3) 82.5 (81.0–84.0)

0 years 521 86.2 (82.8–89.0) 80.9 (77.0–84.2) 79.2 (74.9–82.8)

1–4 years 861 89.5 (87.2–91.4) 79.9 (76.9–82.6) 73.8 (70.2–77.1)

5–9 years 639 94.5 (92.4–96.1) 87.3 (84.3–89.8) 83.3 (79.5–86.4)

10–14 years 740 96.8 (95.2–97.9) 91.3 (88.9–93.3) 89.2 (86.2–91.6)

15–19 years 685 96.3 (94.5–97.5) 91.2 (88.6–93.2) 88.0 (84.6–90.6)

Cerebellum 0–19 years 9,201 93.5 (93.0–94.0) 83.6 (82.8–84.4) 80.3 (79.4–81.2)

0 years 333 62.3 (56.8–67.4) 47.8 (42.1–53.3) 45.2 (39.3–50.9)

1–4 years 2,532 89.7 (88.4–90.8) 78.6 (76.8–80.2) 75.7 (73.7–77.5)

5–9 years 2,818 96.2 (95.4–96.8) 85.3 (83.8–86.7) 82.0 (80.2–83.5)

10–14 years 1,987 97.3 (96.4–97.9) 89.3 (87.7–90.7) 86.0 (84.1–87.7)

15–19 years 1,531 97.2 (96.2–97.9) 89.4 (87.5–90.9) 85.3 (82.9–87.3)

Brain stem 0–19 years 7,522 75.9 (75.0–76.9) 58.2 (57.0–59.4) 55.2 (54.0–56.5)

0 years 263 76.2 (70.4–81.0) 63.4 (56.9–69.3) 59.0 (52.0–65.4)

1–4 years 2,051 76.0 (74.1–77.8) 54.8 (52.5–57.0) 51.8 (49.4–54.2)

5–9 years 2,625 66.0 (64.1–67.8) 46.6 (44.6–48.6) 44.4 (42.3–46.4)

10–14 years 1,581 84.1 (82.1–85.8) 68.9 (66.4–71.3) 65.6 (62.9–68.2)

15–19 years 1,002 89.2 (87.1–91.0) 77.7 (74.8–80.3) 73.7 (70.4–76.7)
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is observed in 2013–2017 compared to 2004–2007, the im-
provement is not statistically significant (log rank p = 0.16). 
Similarly, there was a trend towards increased survival for 
2013–2017 among medulloblastoma patients, though not 
statistically significant (log rank p = 0.051).

Age-stratified multivariable Cox proportional hazard 
models, adjusted for sex, race/ethnicity, and treatment pat-
tern, were generated to assess survival differences by time 
period of diagnosis. The use of surgery and/or radiation was 
utilized for the determination of treatment patterns. HR de-
creased for high grade glioma and medulloblastomas for 

each time period when compared to 2004–2007 (Figure 14). 
Significant improvement in survival was observed for pa-
tients diagnosed with medulloblastomas in 2013–2017 com-
pared to 2004–2007 (HR = 0.79; 95% CI = 0.65–0.96; p = 0.002).

Age-specific and Histopathology-Specific Annual 
Case Projections

The estimated number of cases of all primary brain and 
other CNS tumors for 2023, 2024, and 2025 are shown by 

Site Age Group Total Cases (2001–2017) 1-year RS (95% CI) 5-year RS (95% CI) 10-year RS (95% CI) 

Spinal cord and  
cauda equina

0–19 years 3,326 94.6 (93.8–95.4) 89.1 (87.8–90.2) 86.4 (84.9–87.7)

0 years 390 93.0 (89.8–95.3) 90.4 (86.7–93.2) 90.4 (86.7–93.2)

1–4 years 660 93.2 (91.0–94.9) 88.0 (85.1–90.4) 86.4 (83.0–89.1)

5–9 years 546 94.7 (92.4–96.3) 88.4 (85.1–91.0) 84.6 (80.5–87.9)

10–14 years 790 94.3 (92.4–95.8) 87.9 (85.3–90.2) 84.5 (81.1–87.4)

15–19 years 940 96.5 (95.1–97.5) 90.6 (88.3–92.4) 87.6 (84.6–90.0)

Cranial nerves 0–19 years 4,444 99.7 (99.5–99.9) 98.3 (97.8–98.7) 97.5 (96.8–98.0)

0 years 252 99.4 (94.4–99.9) 93.2 (88.6–96.0) 91.3 (86.2–94.6)

1–4 years 1,709 100.0 (98.8–100.0) 99.2 (98.4–99.6) 98.8 (97.9–99.4)

5–9 years 1,061 99.7 (99.1–99.9) 98.6 (97.5–99.2) 97.6 (96.0–98.5)

10–14 years 674 99.7 (98.8–99.9) 98.5 (97.0–99.3) 97.8 (96.0–98.8)

15–19 years 748 99.4 (98.3–99.7) 97.4 (95.6–98.4) 95.8 (93.0–97.5)

Meninges 0–19 years 1,557 97.3 (96.3–98.0) 93.9 (92.4–95.1) 91.0 (88.9–92.6)

0 years 76 85.5 (74.9–91.9) 82.3 (71.0–89.5) 79.0 (65.6–87.7)

1–4 years 155 92.7 (87.2–95.9) 86.5 (79.6–91.3) 81.5 (72.9–87.6)

5–9 years 189 97.8 (94.3–99.2) 94.0 (89.1–96.8) 91.6 (84.8–95.4)

10–14 years 356 98.0 (95.8–99.0) 95.2 (92.1–97.2) 91.9 (87.7–94.8)

15–19 years 781 98.9 (97.8–99.4) 95.9 (93.9–97.2) 93.4 (90.3–95.5)

Pituitary and 
craniopharyngeal 
duct

0–19 years 9,672 99.7 (99.5–99.8) 99.0 (98.8–99.2) 98.0 (97.5–98.4)

0 years 50 96.4 (83.8–99.2) 85.5 (69.1–93.6) 76.9 (57.0–88.5)

1–4 years 388 98.9 (97.2–99.6) 96.6 (93.9–98.2) 93.6 (89.6–96.1)

5–9 years 1,256 99.3 (98.7–99.7) 98.3 (97.2–98.9) 96.6 (94.8–97.8)

10–14 years 2,111 99.7 (99.3–99.9) 98.7 (98.0–99.2) 97.6 (96.4–98.4)

15–19 years 5,867 99.8 (99.7–99.9) 99.6 (99.3–99.8) 98.9 (98.3–99.3)

Pineal gland 0–19 years 1,832 92.0 (90.7–93.2) 81.9 (79.9–83.7) 78.1 (75.8–80.3)

0 years 65 54.7 (41.6–66.0) 40.1 (27.6–52.3) 40.1 (27.6–52.3)

1–4 years 211 79.3 (73.1–84.2) 59.3 (52.0–65.9) 56.6 (48.9–63.6)

5–9 years 311 94.6 (91.4–96.7) 82.9 (77.6–87.1) 75.4 (68.6–80.9)

10–14 years 600 97.2 (95.5–98.3) 89.0 (85.9–91.5) 84.9 (80.9–88.1)

15–19 years 645 94.0 (91.8–95.6) 86.6 (83.5–89.2) 84.1 (80.4–87.1)

aThe cohort analysis of survival rates was utilized for calculating the survival estimates presented in this table. Long-term cohort-based survival 
estimates reflect the survival experience of individuals diagnosed over the time period, and they may not necessarily reflect the long-term survival 
outlook of newly diagnosed cases.
bRates are an estimate of the percentage of patients alive at one, two, three, four, five, and ten year, respectively.
cAssigned behavior code of/3 by the International Classification for Disease, Oncology 3rd edition (see Supplementary Table 3).
dAssigned behavior code of/0 or/1 by the International Classification for Disease, Oncology 3rd edition (see Supplementary Table 3).
Abbreviations: NPCR, National Program of Cancer Registries; RS, Relative Survival.
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histopathology and age group in Table 10. Estimated num-
bers of cases are highly dependent on input data. Different 
patterns of incidence within strata can substantively affect 
the projected estimates, and strata-specific estimates may 
not equal the total estimate presented. Caution should be 
used when utilizing these estimates.

•	 The total number of new cases of primary brain and 
other CNS tumors projected to occur in children and 
adolescents ages 0–19 years in 2023 was 5,260.

•	 The greatest number of new cases was estimated to be 
in adolescents ages 15–19 years, in which 1,660 newly 
diagnosed cases are expected in 2023.

•	 Pilocytic astrocytoma had the highest number of esti-
mated new cases, with 860 new cases expected to be 
diagnosed in 2023.

•	 The histopathology with the second largest number of 
estimated new cases was tumors of the pituitary, with 
800 cases estimated to be diagnosed in 2023, the ma-
jority of which will be in adolescents ages 15–19 years.

Comparing Brain and Other CNS Tumors to Other 
Common Child and Adolescent Cancers

Average annual age-specific incidence rates for the top five 
most common cancers in children and adolescents overall 
and by age groups are shown in Figure 15.

•	 The most common cancer overall in children ages 
0–19  years was primary brain and other CNS tumors. 
Brain and other CNS tumors were the most common 
cause of cancer in all age groups other than ages 
1–4 years, where leukemia was the most common cause 
of cancer.

Average annual age-specific mortality rates for the top five 
most common causes of death and top five most common 
causes of cancer death in children and adolescents overall 
and by age groups are shown in Figure 16.

•	 The most common cancer death in children ages 
0–19  years was primary brain and other CNS tumors. 
Brain and other CNS tumors were the most common 
cause of cancer death in children ages 5–14 years, while 
among children ages 0–4 and 15–19 years, leukemia was 
the most common cause of cancer death.

Prevalence of Brain and CNS tumors and Other 
Common Child and Adolescent Cancers

Estimates of the number of prevalent cases of cancer 
among children ages 0–19  years in the United States in 
2022 are shown in Figure 17 and Table 11.

•	 There were 40,594 prevalent brain tumor cases in 
children and adolescents ages 0–19  years in 2022. The 
most prevalent type of cancer overall was leukemia, 
which was estimated to have 40,738 prevalent cases.

•	 22,527 of these brain tumor cases are estimated to be in 
children 0–14 years old, while there were estimated to be 
18,067 prevalent cases in adolescents 15–19 years old.

•	 The histopathologic group with the highest prevalence 
was gliomas, with 18,334 cases.

•	 The next most prevalent histopathologic groups were 
embryonal tumors (4,230 cases) and tumors of the sellar 
region (4,589 cases).

  

Fig. 13  Survival by Year of Diagnosis in Children and 
Adolescents Ages 0–19 Years for A) High Grade Gliomas and B) 
Medulloblastoma, CBTRUS Childhood and Adolescent Report: US 
Cancer Statistics—NPCR, 2004–2018.
  

  

Fig. 14  Hazard Ratios and 95% Confidence Intervals by 
Year of Diagnosis for Death Due to High Grade Glioma and 
Medulloblastoma in Children and Adolescents Ages 0–19 Years, 
Adjusted for Sex, Race/Ethnicity, and Treatment, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—NPCR, 
2004–2017. 
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•	 As these estimates include only children and adoles-
cents 0–19 years of age at time of prevalence estimate, 
the total population of childhood and adolescent brain 
tumor survivors including those that are now in adult-
hood is significantly larger.

Risk Factors, Long Term, and Late Effects for 
Childhood and Adolescent Brain and CNS Tumors

Despite being the greatest contributor to cancer mortality 
in children and adolescents ages 0–19  years, little is 
known about the etiology of childhood brain and other 
CNS tumors. There are a few established risk factors for 
brain and other CNS tumors in children and adolescents, 
including single gene inherited disorders, genetic 
syndromes, and ionizing radiation.32,33

Genetic risk factors for child and adolescent brain and 
CNS  tumors— As compared to adults, there have been 
minimal germline genetic studies conducted in children 
and adolescents with brain and other CNS tumors. 
Approximately 4% of gliomas diagnosed in children and 

adolescents are attributable to single-gene Mendelian 
disorders or inherited genetic cancer syndromes, and 
~5–10% of children and adolescents diagnosed with brain 
and other CNS tumors have a family history.32,33 The ma-
jority of these inherited syndromes are characterized by 
loss-of-function mutations in tumor suppressor genes.32,33 
A summary of the most commonly occurring syndromes is 
shown in Supplementary Table 5.

As compared to those in adult brain and other CNS 
tumors, relatively few candidate gene and genome-
wide association studies (GWAS) have been conducted 
to identify more common (occurring in > 1% of the 
population) genetic variations that can affect risk of 
childhood and adolescent brain tumors. A  summary 
of identified single nucleotide polymorphism (SNP) 
associations is shown in Supplementary Table 6. Similar to 
prior findings in adult glioma, some implicated genes are 
involved in processes regulating telomere length (such 
as regulator of telomere elongation helicase 1 [RTEL1] 
and telomerase reverse transcriptase [TERT]).34 A genetic 
predisposition to longer telomere length or more efficient 
maintenance is a suspected risk factor contributing to 
incidence of childhood neuroblastoma and ependymoma 

  

Fig. 15  Average Annual Age-Specific Incidence Rates with 95% Confidence Intervals and Average Annual Cases for All Primary Malignant 
and Non-Malignant Brain and Other Central Nervous System Tumors Ages 0–19 Years in Comparison to Top Five Highest Incidence Cancers 
for Children and Adolescents Overall and by Age Groups, CBTRUS Childhood and Adolescent Report: US Cancer Statistics—NPCR and SEER, 
2014–2018.
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(statistical significance found only for those ≥ 12  years 
at age of diagnosis).34,35 GWAS continue to implicate 
novel genes such as protein-coding gene leucine rich 
repeat containing 4C (LRRC4C, located at 11q12) and 
metalloproteinase pappalysin 2 (PAPPA2, located at 
1q25.2) which Foss-Skiftesvik et al. observed as associated 
with increased risk of childhood CNS tumors.36 Further 
large-scale genetic studies utilizing SNP-array and next-
generation sequencing data are needed to identify and 
validate common and rare germline variants associated 
with increased risk of primary brain and other CNS tumors 
in children and adolescents.

Literature regarding the inheritance of primary brain 
and other CNS tumors remains inconsistent and limited 
due to the rarity of cases. Recently, a study evaluated in-
cidence rates and family risk of tumors of the CNS and 
leukemia among individuals from Norway and individ-
uals with Scandinavian ancestry in a single US state, two 
settings with high quality multigenerational genealogical 
and cancer registry records.37 Kollerud et  al. observed a 
3-fold increased risk of developing CNS tumors in Utah 
and Norway among children with a first-degree relative 

diagnosed with CNS tumors.37 Another study from France 
found an increased risk of childhood and adolescent brain 
tumors with a family history of brain tumor in first- and sec-
ond-degree relatives.38 While these findings are consistent 
with some prior studies, the sample may be influenced by 
the high representation rates of European genetic-ancestry 
which have been associated with a higher risk of childhood 
and adolescent brain and other CNS tumors.39

Environmental and Individual Risk Factors for Childhood 
and Adolescent Brain and Other CNS Tumors— Numerous 
potential risk factors for brain and other CNS tumors in 
children have been examined, but the only consistently val-
idated factor known to increase risk of these tumors is expo-
sure to ionizing radiation. Ionizing radiation has carcinogenic 
effects which are shown to be stronger in children due to 
their increased radiosensitivity and longer life expectancy.40 
In the United States, the most common man-made radiation 
exposure to children is from Computed tomography (CT) 
scan use.41 Associations between CT scans and increased 
risk of childhood and adolescent brain and other CNS tu-
mors has been reported by research groups in numerous 

  

Fig. 16  Annual Average Age-Specific Mortality Rates with 95% Confidence Intervals and Average Annual Deaths for Primary Malignant Brain 
and Other CNS Tumors in Ages 0–19 years as Compared to the Top Five Causes of Death and Top Five Cancer Causes of Death for Children and 
Adolescents, Overall and by Age Groups, CBTRUS Childhood and Adolescent Report: NVSS, 2014–2018.
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countries, including the United Kingdom (UK), Australia, 
Taiwan, Germany, the Netherlands, and France.42–48

While it is established that moderate to high doses of 
ionizing radiation are associated with increased risk of 
childhood cancers, a recent meta-analysis on low dose ex-
posures of ionizing radiation (such as that from X-ray) sug-
gests that lower levels of ionizing radiation may also cause 
excess risk for certain types of childhood cancers including 
brain and other CNS tumors.41 Additionally, this meta-
analysis indicated (although not statistically significant) 
higher risks of brain and other CNS tumors among those 
exposed in utero via maternal diagnostic imagery than for 
postnatal exposure.41 A 2021 systematic review of risk of 
childhood cancers associated with cumulative radiation 
doses from radiological imaging emphasizes the selective 
use of CT imaging and the continued need for dose-risk 
monitoring.49

Non-ionizing radiation, such as that emitted by cel-
lular phones or extremely low-frequency (ELF) magnetic 
fields, has been repeatedly evaluated as a risk factor for 
brain and other CNS tumors in children and adolescents. 
Particular attention has been paid to radiofrequency (RF) 
radiation which is emitted from technology such as mobile 
phones and wireless networks, use of which has become 
much more common among children and young adults in 
the last several decades. As of 2011, the IARC has classi-
fied RF as a possible carcinogen.50,51 A review of risk fac-
tors by Vienne-Jumeau et al. found evidence supporting an 
association between RF exposure and acoustic neuroma in 
long-term users (adults), but report a lack of significant and 
consistent evidence for a validated associated between RF 
exposure and childhood brain and other CNS tumors.50 To 

date, there is no conclusive evidence that RF or ELF mag-
netic fields, at the levels emitted by mobile phones may 
increase the risk brain and other CNS tumors, as reported 
by Castaño-Vinyals et al. in a large case control study fo-
cused on childhood exposures.52

Many factors related to birth, such as gestational age, 
birth weight, and birth defects have been evaluated for po-
tential associations with risk of childhood and adolescent 
brain tumors.53 Birth circumstances suspected to be asso-
ciated with higher risk of developing childhood brain and 
other CNS tumors include being male, high birth weight 
(>=4000  g), being born larger for gestational age, and 
being pre-term (<37 weeks).32 Various studies and meta-
analysis support that high birth weight is associated with 
an increased risk of childhood brain and other CNS tumors 
overall, particularly astrocytoma and embryonal tumors. 
A  potential association between instrument-assisted de-
livery and increased risk of childhood brain and other CNS 
tumors was recently assessed in multiple large population 
studies, with inconsistent findings. Recent studies done 
in the United States, Greece, and Denmark found an in-
creased risk of CNS tumors with instrument-assisted de-
livery.54,55 The United States and Greece studies found 
effect estimates for instrument-assisted delivery were 
stronger for astrocytomas.54,55 Approximately 7% of child-
hood brain and other CNS tumors are thought to be attrib-
utable to non-chromosomal structural birth defects (not 
including known single gene syndromes or chromosomal 
birth defects such as Down’s syndrome).56 The findings of 
a recent study using 10 million live birth records showed 
increased odds of CNS tumors given a non-chromosomal 
birth defect, but also observed a positive risk association 
between the total number of major non-chromosomal birth 
defects per child and the risk of cancer (including CNS tu-
mors) with greater risks among children with two or more 
major birth defects.56

Many other environmental and parental risk factors 
have been investigated as contributors to childhood 
brain and other CNS tumor risk, which remain unvalid-
ated or with inconsistent findings. Some of these evalu-
ated factors include advanced parental age, maternal 
dietary N-nitroso compounds (NOCs) consumption, and 
pre-and post-natal exposure to pesticides.32 Currently, 
studies consistently suggest that children of parents 
with indicators of lower socioeconomic status (SES) (in-
cluding lower educational attainment, lower income, 
and/or participation in public insurance programs) have 
reduced risk of childhood brain and other CNS tumors.57 
Offspring of parents with higher SES appear to be at in-
creased risk of developing childhood and adolescent 
brain and other CNS tumors. This finding may be due to 
a yet unknown environmental exposure associated with 
higher SES but may also be indicative of broader social 
concerns such as disproportionate access to quality care, 
which may create differential rates of diagnosis. A meta-
analysis of international trends in incidence of brain tu-
mors in children and young adults observed a significant 
association between childhood brain tumor incidence 
and gross domestic product per capita, suggesting a pos-
itive relationship between incidence and national eco-
nomic wealth, where high income countries had higher 

  

Fig. 17  Estimated Prevalent Cases in the United States in 2022 
in Children and Adolescents Ages 0–19 Years for A) the Eight 
Most Prevalent Cancers in Children and Adolescents, B) by the 
Ten Most Prevalent Brain and Other Central Nervous System 
Histopathologies CBTRUS Childhood and Adolescent Report: US 
Cancer Statistics—NPCR and SEER, 1975–2018 (varying). 
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rates compared to low-middle income countries.58 The 
study posits many reasons for these findings including 
high income countries having larger populations of 
European ancestry (a factor independently associated 
with risk of childhood and adolescent brain and other 
CNS tumors) and higher rates of CT imaging, while low-
middle income countries may be underrepresented due 
to minimal access to diagnostic healthcare services.58 
However, further investigations to identify specific risk 
factors for each histopathological subtype are required 

due to the potentially diverse etiologies of these heterog-
enous malignancies.

Long-Term and Late Effects of Child and Adolescent 
Brain and CNS Tumors— Over the last decade, survival 
rates have slowly improved for children and adolescents 
diagnosed with brain tumors.59 Although there is varia-
tion by tumor type, today, over 80% of children diagnosed 
with a CNS tumor of any kind will become a long-term sur-
vivor (See Table 8). Brain and CNS tumors in children are 

  
Table 11.  Estimated Prevalent Case Countsa and Crude Prevalence Rate per 100,000 for Brain and Other Central Nervous System Tumors Ages 0–19 
Years Overall, by Histopathology Groupings and Age Groups, 2022, CBTRUS Childhood and Adolescent Report: NPCR and SEER, 1975–2018

Histopathology 0–19 Years 0–14 Years 15–19 Years

Prevalent cases Crude Preva-
lence Rate per 
100,000 

Prevalent cases Crude Prevalence 
Rate per 100,000 

Prevalent cases Crude Preva-
lence Rate per 
100,000 

Gliomasb 18,334 23.31 10,644 18.53 7,690 36.28

 � Pilocytic 
astrocytoma

8,264 10.51 4,907 8.54 3,357 15.84

 � Other Low grade 
glioma

3,750 4.77 1,991 3.47 1,759 8.30

  High grade glioma 1,755 2.23 1,011 1.76 743 3.51

  Other glioma 4,547 5.78 2,735 4.76 1,812 8.55

  Ependymal tumors 2,436 3.10 1,524 2.65 912 4.30

Choroid plexus tu-
mors

195 0.25 112 0.19 83 0.39

Neuronal and mixed 
neuronal-glial tumors

1,259 1.60 608 1.06 651 3.07

Tumors of the pineal 
region

195 0.25 112 0.19 83 0.39

Embryonal tumors 4,230 5.38 2,701 4.70 1,529 7.21

  Medulloblastoma 3,197 4.07 1,936 3.37 1,260 5.95

  ATRT 516 0.66 423 0.74 93 0.44

 � Other embryonal 
tumors

274 0.35 200 0.35 74 0.35

Tumors of cranial and 
spinal nerves

2,171 2.76 1,059 1.84 1,112 5.25

Tumors of meninges 1,516 1.93 823 1.43 693 3.27

Lymphomas and he-
matopoietic neoplasms

195 0.25 112 0.19 83 0.39

Germ cell tumors 1,259 1.60 608 1.06 651 3.07

Tumors of sellar 
region

4,589 5.84 1,659 2.89 2,929 13.82

 � Tumors of the pi-
tuitary

3,031 3.85 820 1.43 2,211 10.43

  Craniopharyngioma 1,558 1.98 839 1.46 719 3.39

Unclassified Tumors 2,431 3.09 1,414 2.46 1,018 4.80

Totalc 40,594 51.58 22,527 39.22 18,067 85.23

aSource: Estimation based on CBTRUS NPCR and SEER 2000–2018 data for malignant tumors, and NPCR and SEER 2004–2018 data for non-malignant 
tumors.
bCBTRUS defines the broad category of gliomas to include ICD-O-3 Histopathology codes 9380–9384, 9391–9460, 9480.
cIncludes histopathologies not listed in this table.
Abbreviations: CBTRUS, Central Brain Tumor Registry of the United States; NPCR, National Program of Cancer Registries; SEER, Surveillance, 
Epidemiology, and End Results Program; ATRT, Atypical teratoid/rhabdoid tumor.
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generally treated with a multimodal approach including 
surgery, radiation, and chemotherapy.60 Unfortunately, 
many of these survivors will struggle with long-term and 
late effects affecting multiple organ systems, that are gen-
erally attributable to their curative treatment history.

Long-term effects of brain and other CNS tumor treat-
ment can vary by tumor type, location in the brain, and/or 
extent of neurosurgical intervention. Long-term effects of a 
CNS tumor diagnosis can include seizures, neuromuscular 
deficits, visual impairment, hearing loss, difficult behav-
iors, and neurocognitive disorders.61

Late effects of brain or other CNS tumor treatment can 
occur many months or years after a child or adolescent 
finishes cancer treatment and are often related to radiation 
or chemotherapy toxicities. Survivors may experience 
academic or psychosocial difficulties, as well as systemic 
disorders such as vasculopathies or cerebrovascular 
accidents, endocrinopathies, infertility, nephropathy, and 
increased risk of secondary malignancies later in life.62 
Children diagnosed with a brain or other CNS tumor at 
a younger age, treated with cranial radiation therapy, 
and those with tumors involving eloquent regions of 
the central nervous system have the highest risk of late 
effects.63

Recognition and awareness of the long-term and late ef-
fects experienced by childhood and adolescent brain tumor 
survivors are critical to improving their care and quality of 
life. Through a better understanding of treatment related 
morbidity, scientists and clinicians can improve future 
therapeutic interventions for childhood and adolescent 
brain and other CNS tumor patients with long-term sur-
vival in mind. Pediatric oncologists and dedicated research 
groups, including the North American based Children’s 
Oncology Group (COG) and the Childhood Cancer Survivor 
Study (CCSS) are working to improve our understanding 
of the survivorship experience. More insight can be gained 
through clinical trial participation and through funding of 
investigator-initiated research specific to childhood cancer 
survivors.64

Strengths and Limitations Of Cancer 
Registry Data

CBTRUS, in collaboration with the CDC and NCI, is the 
largest population-based registry focused exclusively on 
primary brain and other CNS tumors in the United States 
and represents cases collected from the entire US popula-
tion. The CBTRUS Statistical Report: Pediatric Brain Tumor 
Foundation Childhood and Adolescent Primary Brain and 
Other Central Nervous System Tumors Diagnosed in the 
United States in 2014–2018 contains population-based 
data on all primary brain tumor and other CNS tumors in 
children and adolescents ages 0–19 years available through 
the cancer surveillance system in the United States.

Registration of individual cases is conducted by cancer 
registrars at the institution where diagnosis or treatment 
occurs and is then transmitted to the CCR, which further 
transmits this information to NPCR and/or SEER. CCRs, 
those contributing data to NPCR and to SEER, only report 

cases to the CDC and NCI for persons who are residents of 
that particular state, so duplicate records should not occur 
for persons who may have traveled across state lines for 
treatment. As a result, the CBTRUS dataset is a complete 
recording of all cases submitted to CCR for the time period 
examined, 2014–2018, with minimal duplicates.

Currently, there is no publicly available data source for 
the collection of survival and outcomes data from all geo-
graphic regions in the United States via the cancer registry 
system. Survival data used for this report are collected by 
NPCR for 42 of the 51 CCR in the United States primarily 
through linkage with death certificate and other adminis-
trative records. The remaining CCR are collected by SEER 
through both active and passive methods. The feasibility 
of these data for use in survival studies has been evalu-
ated65,66 and shown to produce reliable and robust esti-
mates of cancer survival. Use of passive follow-up with 
record linkage may result in overestimation of survival in 
some populations, such as those that are more likely to 
leave the state or country.

No mechanism currently exists for central pathology 
review of cases within the US cancer registry system, 
and histopathology code assignment at case registra-
tion is based on information contained in the patient’s 
medical record. The WHO Classification of Tumours 
of the Central Nervous System was revised in 1993,67 
2000,68 2007,69 2016,5 and 2021.70 As of 2018, the US 
cancer registry system uses the 2016 classification for 
data abstraction, but tumors included in this report may 
have been diagnosed using any of the available classi-
fications prior to 2014 due to the variation in adoption 
of new standards by individual physicians and medical 
practices. As a result, histopathologies are reflective of 
the prevailing criteria for the histopathology at the time 
of case registration. This means that despite changes to 
the histopathology schema that may occur over time, it 
is not possible, without additional variables, to go back 
and reclassify tumors based on the new criteria. In ad-
dition to changes in histopathologic criteria over time, 
there is significant inter-rater variability in histopath-
ological diagnosis of glioma.71,72 This also means that 
incomplete, incorrect, or alternatively stated diagnoses 
included in a pathology report or other medical record 
may result in an incorrect reporting of the details of an 
individual case.

United States cancer registration requires the reporting 
of cases that are confirmed by different types of diagnostic 
procedures, including both microscopic confirmation 
(where surgery was performed and the diagnosis con-
firmed by a pathologist) and radiographic confirmation 
(where diagnosis was made based solely on imaging cri-
teria, such as an magnetic resonance imaging (MRI), CT 
scan, or X-ray). Only microscopic confirmation allows cer-
tainty on the assignment of a specific histopathology as 
well as for an assignment of a WHO grade. Many tumors 
have unique characteristics that make them identifiable on 
imaging, and thereby qualify as a valid type of diagnostic 
procedure, but it is important to consider the decreased 
level of certainty of specifying the correct histopathology 
in these tumors.
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Concluding Comment

The CBTRUS Statistical Report: Pediatric Brain Tumor 
Foundation Childhood and Adolescent Primary Brain and 
Other Central Nervous System Tumors Diagnosed in the 
United States in 2014–2018 comprehensively describes the 
population-based incidence, mortality, prevalence, and rel-
ative survival of primary brain and other CNS tumors in 
children and adolescents ages 0–19  years collected and 
reported by CCRs covering the entire US population. This 
report aims to serve as a useful resource for researchers, 
clinicians, patients, and families. CBTRUS continually re-
vises its reports to reflect the current collection and re-
porting practices of the broader surveillance community in 
which it works, while integrating the input it receives from 
the clinical and research communities, especially from 
neuropathologists, when possible.

CBTRUS Mission

CBTRUS is a not-for-profit corporation committed to pro-
viding a resource for gathering and disseminating current 
epidemiologic data on all primary brain and other central 
nervous system tumors, benign and malignant, for the pur-
poses of accurately describing their incidence and survival 
patterns, evaluating diagnosis and treatment, facilitating 
etiologic studies, establishing awareness of the disease, 
and ultimately, for the prevention of all brain tumors.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology (http://neuro-oncology.oxfordjournals.org/).
Supplementary Table 1. Central Brain Tumor Registry of the 
United States (CBTRUS), Brain and Other Central Nervous 
System Tumor Site Groupings
Supplementary Table 2.  Childhood and Adolescent Brain 
and Other Central Nervous System Tumor Histopathology 
Groupings (Based on 2016 WHO classification)
Supplementary Table 3. ICD-O-3 Morphology Codes for All 
Histopathologies Included in Glioma and Embryonal Tumor 
Childhood and Adolescent Report Major Histopathology 
Groupings (Based on 2016 WHO Classification)
Supplementary Table 4.  Total Cases, Annual Average 
Cases, Age-Specific Incidence Rates, Total Deaths, Annual 
Average Deaths, and Age-Specific Mortality Rates, for 
Brain and Other Central Nervous System Tumors Ages 0–19 
Years by Central Cancer Registry, (CBTRUS: Incidence Data 
provided by CDC’s NPCR and NCI’s SEER Program, 2014–
2018; Mortality Data provided by NCHS’s NVSS Program, 
2014–2018)
Supplementary Table 5.  Average Annual Age-Specific 
Incidence Rates for Brain and Other Central Nervous 
System Tumors Ages 0–19 Years by Major Histopathology 
Groupings, Histopathology, Sex, and Age Groups, CBTRUS 
Childhood and Adolescent Brain Tumor Report: NPCR and 
SEER, 2014–2018

Supplementary Table 6.  Average Annual Age-Specific 
Incidence Rates for Brain and Other Central Nervous 
System Tumors Ages 0–19 Years by Major Histopathology 
Groupings, Histopathology, Race, Hispanic Ethnicity, and 
Age Group, CBTRUS Childhood and Adolescent Report: 
NPCR and SEER, 2014–2018
Supplementary Table 7.  Annual Percent Change (APC) 
and 95% Confidence Intervals for Incidence Time Trends 
in Brain and Other Central Nervous System Tumors by 
Histopathology Groupings and Age Group, CBTRUS 
Childhood and Adolescent Report: NPCR and SEER, 
2004–2018
Supplementary Table 8. Annual Percent Change (APC) and 
95% Confidence Intervals for Cancer Mortality Rates by 
Cause of Death and Age Group, CBTRUS Childhood and 
Adolescent Report: NVSS, 1969–2018
Supplementary Table 9. Estimated Prevalent Case Counts 
and Crude Prevalence Rate per 100,000 for ICCC Defined 
Cancers Occurring in Locations Other than the Brain or 
Central Nervous System in Children and Adolescents Ages 
0–19 Years at Time of Prevalence in the United States, 2022
Supplementary Table 10. Inherited Syndromes Associated 
with Childhood and Adolescent Brain and Other Central 
Nervous System Tumors, Ages 0–19 Years
Supplementary Table 11. Previously Reported Childhood 
and Adolescent Brain and Other Central Nervous System 
Tumors Ages 0–19 Years Risk Loci Identified by Genome-
wide Association Studies, by Histopathology Including 
Allele Frequencies, p-values, Odds Ratios (OR) and 95% 
Confidence Intervals (95% CI)
Supplementary Table 12. A Summary of Recent (2012–2022) 
Case-control and Cohort Studies Exploring Environmental 
Exposures and Risk of Childhood and Adolescent Brain and 
Other Central Nervous System Tumors Ages 0–19 Years
Supplementary Figure 1.  Average Annual Age-Specific 
Incidence Rates per 100,000 Population of Primary 
Brain and Other Central Nervous System Tumors by 
Central Cancer Registry and Age Group, in Children 
and Adolescents Ages A) 0–4  Years, B) 5–9  Years, C) 
10–14 Years, and D) 15–19 Years, CBTRUS Childhood and 
Adolescent Report: US Cancer Statistics—NPCR and SEER, 
2014–2018
Supplementary Figure 2.  Country- and Age-Specific A) 
Incidence and B) Mortality Rates per 100,000 Population 
due to Primary Malignant Brain and Other Central Nervous 
System Tumors in Children and Adolescents Ages 0–19 
Years (From International Agency for Research on Cancer’s 
GLOBOCAN 2020)
Supplementary Figure 3.  Distribution in Infants Age < 1 
Year of All Primary Brain and Other Central Nervous 
System Tumors (Five-Year Total = 1,235; Annual Average 
Cases = 247) by A) Site and B) Histopathology, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—
NPCR and SEER, 2014–2018
Supplementary Figure 4.  Distribution in Children Ages 
1–4 Years of All Primary Brain and Other Central Nervous 
System Tumors (Five-Year Total = 4,871; Annual Average 
Cases = 974) by A) Site and B) Histopathology, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—
NPCR and SEER, 2014–2018
Supplementary Figure 5.  Distribution in Children Ages 
5–9 Years of All Primary Brain and Other Central Nervous 
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System Tumors (Five-Year Total = 5,628; Annual Average 
Cases = 1,126) by A) Site and B) Histopathology, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—
NPCR and SEER, 2014–2018
Supplementary Figure 6.  Distribution in Children Ages 
10–14 Years of All Primary Brain and Other Central Nervous 
System Tumors (Five-Year Total = 6,074; Annual Average 
Cases = 1,215) by A) Site and B) Histopathology, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—
NPCR and SEER, 2014–2018
Supplementary Figure 7. Distribution in Adolescents Ages 
15–19 Years of All Primary Brain and Other Central Nervous 
System Tumors (Five-Year Total = 7,689; Annual Average 
Cases = 1,538) by A) Site and B) Histopathology, CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—
NPCR and SEER, 2014–2018

Disclaimer

CBTRUS is a not-for-profit corporation which gathers and dis-
seminates epidemiologic data on primary brain and other CNS 
tumors to facilitate research and establish awareness of the dis-
ease. CBTRUS makes no representations or warranties, and gives 
no other assurances or guarantees, express or implied, with re-
spect to the accuracy or completeness of the data presented. The 
information provided in this report is not intended to assist in the 
evaluation, diagnosis, or treatment of individual diseases. Persons 
with questions regarding individual diseases should contact their 
own physician to obtain medical assistance. The contents in this 
report are solely the responsibility of the authors and do not neces-
sarily represent the official views of CDC or of NCI.
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