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Abstract 
Background:  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 aggregation of 
histopathology-specific population-based data for primary brain and other central nervous system (CNS) in the US. 
CBTRUS publishes an annual statistical report which provides critical reference data for the broad neuro-oncology 
community. Here, we summarize the key findings from the 2022 CBTRUS annual statistical report for healthcare 
providers.
Methods:  Incidence data were obtained from the CDC’s National Program of Cancer Registries (NPCR) and NCI’s 
Surveillance, Epidemiology, and End Results Program for 52 central cancer registries (CCRs). Survival data were 
obtained from 42 NPCR CCRs. All rates are per 100 000 and age-adjusted using the 2000 US standard population. 
Overall median survival was estimated using Kaplan–Meier models. Survival data for selected molecularly de-
fined histopathologies are from the National Cancer Database. Mortality data are from the National Vital Statistics 
System.
Results:  The average annual age-adjusted incidence rate of all primary brain and other CNS tumors was 
24.25/100 000. Incidence was higher in females and non-Hispanics. The most commonly occurring malignant and 
predominately non-malignant tumors was glioblastoma (14% of all primary brain tumors) and meningioma (39% 
of all primary brain tumors), respectively. Mortality rates and overall median survival varied by age, sex, and 
histopathology.
Conclusions:  This summary describes the most up-to-date population-based incidence, mortality, and survival, 
of primary brain and other CNS tumors in the US and aims to serve as a concise resource for neuro-oncology 
providers.

Keywords: 

brain tumors | Central Brain Tumor Registry of the United States | epidemiology | 
neuro-oncology

Childhood, adolescent, and adult primary brain and 
central nervous system tumor statistics for practicing 
healthcare providers in neuro-oncology, CBTRUS 
2015–2019  

D
ow

nloaded from
 https://academ

ic.oup.com
/nop/article/11/1/5/7285286 by guest on 08 February 2024

journals.permissions@oup.com
https://orcid.org/0000-0001-6369-0609
https://orcid.org/0000-0001-9479-2747
https://orcid.org/0000-0003-1405-3667
https://orcid.org/0000-0002-1487-1136
https://orcid.org/0000-0002-3296-8652
https://orcid.org/0000-0002-3186-8510
https://orcid.org/0000-0001-7212-035X
https://orcid.org/0000-0001-6190-9304
https://orcid.org/0000-0003-3469-7558
mailto:jill.barnholtz-sloan@nih.gov
mailto:Quinn.Ostrom@duke.edu


 6 Price et al.: Primary brain tumor statistics in neuro-oncology

The Central Brain Tumor Registry of the United States 
(CBTRUS), in collaboration with 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 End 
Results (SEER) Program annually publishes a comprehen-
sive statistical report on the primary brain and other cen-
tral nervous system (CNS) tumors reported in the United 
States.1,2 In this report we summarize, for clinical utility, 
the key findings of the CBTRUS 2022 annual report, fo-
cusing on the age-adjusted incidence rates for diagnosis 
years 2015–2019, mortality due to malignant brain and 
other CNS tumors for years 2015–2019, and survival rates 
of cases with CNS tumors for years 2001–2018.1 As found 
in the CBTRUS 2022 Annual Report, this report includes 
both malignant and non-malignant brain and other CNS 
tumors. CNS metastases are not included in CBTRUS re-
ports as these tumors are not included in US cancer collec-
tion practices, although some registries collect information 
on CNS metastasis at time of diagnosis with other primary 
cancers (synchronous metastasis).3 We also summarize 
selected findings from the 2022 special report focused on 
brain and other CNS tumors in children and adolescents.4 
This represents the second summary of the CBTRUS an-
nual statistical report for clinicians and practicing health-
care providers in neuro-oncology, and the first report for 
clinicians to include incidence rates for selected molecu-
larly defined brain and other CNS tumor histopathologies 
(tumor types) diagnosed in 2018–2019.

Materials and Methods

All studies described below were approved by the Duke 
University School of Medicine Institutional Review Board.

CBTRUS Data and Classification

CBTRUS is the largest population-based registry con-
taining primary malignant and non-malignant brain and 
other CNS tumors, with coverage of the entire US popula-
tion.1 See Ostrom et al. for an overview of data processing 
procedures.1 Using the combined data from 48 central 
cancer registries (CCRs) obtained from NPCR and four 
CCRs obtained from SEER, the CBTRUS analytic dataset is 
able to capture incidence data from 52 CCRs (50 states plus 
Puerto Rico and the District of Columbia, excluding inci-
dence data from Nevada for diagnosis years 2018 and 2019 
and Puerto Rico for all years). The NPCR survival analytic 
dataset contains data from 42 CCRs and enables CBTRUS 
to provide survival analyses for the years 2001–2018 (See 
Supplementary Table S1 for an overview of included CCRs). 
Overall survival for selected adult-type diffuse gliomas, 
pediatric-type diffuse gliomas, and molecularly profiled 
medulloblastomas for cases diagnosed in 2018 were es-
timated in a previous CBTRUS publication that used the 
National Cancer Database (NCDB).5

Every attempt is made to update the International 
Classification of Diseases for Oncology, third edition 
(ICD-O-3) codes and incorporate coding changes and 

assignments of histopathologies from updated WHO 
Classifications for all cancer sites.6 The 2016 World Health 
Organization (WHO) Classification of Tumours of the CNS 
(2016 WHO-CNS)1,6,7 was incorporated into cancer col-
lection rules starting in diagnosis year 2018. Since some 
biomarker histopathologies shared the same codes, a 
variable, the Brain Molecular Marker (BMM) Site-Specific 
Data Item (SSDI), was created to allow for their individual 
identification in cancer registration data. However, this var-
iable has not been extended to allow discernment when 
necessary for the collection and subsequent reporting of 
all histopathologies with shared ICD-O-3 codes found in 
the 2021 WHO-CNS.7 CBTRUS is currently working with 
standard setters to achieve this.6 The authors have made 
every effort to incorporate the 2021 WHO-CNS updates to 
make the report relevant to currently working clinicians 
while still representing the data, which were collected 
prior to these changes. When possible, 2016 WHO-CNS 
histopathologies or WHO grades are followed by 2021 
WHO-CNS tumor types or WHO grade in parenthesis, (i.e., 
diffuse astrocytoma, IDH-mutant and astrocytoma, IDH-
mutant, grade 2). Refer to Supplementary Table S2, where 
we have included a table comparing the CBTRUS histopa-
thology groupings used in this report with the 2016 and 
2021 WHO-CNS classifications by ICD-O-3 codes.

The neuroanatomical sites used by CBTRUS are based 
on ICD-O-3 topography codes.8 See Supplementary Table 
S3 for the CBTRUS primary site groupings. Cases were 
abstracted by cancer registrars using morphology/be-
havior ICD-O-3 coding that was likely based on the fourth 
edition of the WHO Classification of CNS Tumours (e.g., 
2007 and 2016 WHO-CNS). As a result, the CBTRUS cat-
egorizes histopathologies (tumor types) using the largely 
histomorphology-based 2016 WHO-CNS (Supplementary 
Table S4).1,9,10 For clinical relevance, when possible, 
histopathologies were mapped to their corresponding 
2021 WHO-CNS classification tumor types.

CBTRUS defines glioma as ICD-O-3 histopathology 
codes 9380-9384, and 9391-9460, including astrocytoma 
and glioblastoma, oligodendroglioma, and ependymoma. 
Statistics produced by CBTRUS for lymphomas and hema-
topoietic neoplasms refer only to those with brain or other 
CNS sites reported at the primary site. Some analyses lim-
ited to children and adolescents use histopathology (tumor 
type) categorization as described in the CBTRUS Childhood 
and Adolescent Statistical Report (see Supplementary 
Table S2 for a summary of this scheme).9

Terminology used to describe tumor behavior varies 
between standard clinical practice and cancer regis-
tration. Broadly, tumors are classified as “malignant” 
(corresponding roughly to WHO grades II–IV (2–4)) or “non-
malignant” (including both benign and borderline tumor 
types, roughly corresponding to ungraded or grade I (1)). 
ICD-O-3 codes are used to define behavior. Malignant tu-
mors are assigned a code of /3 for malignant, while codes 
/0 benign and /1 uncertain correspond to non-malignant 
tumors. These behaviors are assigned based on histopa-
thology and may not coincide with clinical assessments 
of standard tumor behavior. The terms “malignant” and 
“non-malignant” are used throughout this manuscript. For 
some tumor types, the difference between how the histo-
pathology is classified in cancer registration as opposed to 
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clinical practice can be quite large. Pilocytic astrocytoma 
is assigned a WHO grade of I (1) and an ICD-O-3 code 
of/1 (corresponding to uncertain or borderline behavior). 
Historically, these tumors have been reported as malignant 
by tumor registries. In order to be consistent with other re-
porting groups, CBTRUS includes pilocytic astrocytoma 
in its pooled incidence and survival statistics for tumors 
with malignant behavior.11 This has the effect of increasing 
incidence and survival times of malignant tumors and 
decreasing incidence of non-malignant tumors as opposed 
to if pilocytic astrocytoma was classified in accordance with 
its clinical behavior. This effect is particularly significant in 
children.4,11 Pilocytic astrocytoma continues to be described 
as having a WHO grade 1 in the 2021 WHO-CNS.12

The changes made to grading nomenclature and criteria 
in the 2021 WHO-CNS fifth edition have not yet been incor-
porated into cancer collection practices and, therefore, are 
not reflected in the characterization of all tumors included 
in this report (2015–2019). In the 2021 WHO-CNS classifica-
tion, grade is noted using Arabic numerals, but, because 
this classification has not been implemented in cancer reg-
istration, grade is reported by CCRs using the 2007 and 
2016 WHO-CNS grading criteria and Roman numerals. 
As of diagnosis year 2018, cancer collection includes the 
new BMM SSDI, which records data on IDH status for 
adult-type diffuse gliomas, 1p/19q codeletion status for 
oligodendrogliomas, SHH-activated, and TP53-wildtype 
status for medulloblastomas, and embryonal tumor with 
multilayered rosettes, C19MC-altered.5,13,14 Using the BMM 
variable, we were able to provide initial epidemiology and 
survival estimates for histopathologies in a manner con-
sistent with 2021 WHO-CNS (e.g., molecularly defined 
adult type diffuse gliomas, Table 2).

Statistics are presented by age group at diagnosis: pe-
diatric (ages 0–14 years), adolescent and young adult 
(AYA, ages 15–39 years), and older adults (ages 40+ years). 
CBTRUS classifies race categories using the standard racial 
groups reported by US cancer registration (White, Black, 
American Indian/Alaskan Native [AIAN], and Asian/Pacific 
Islander [API]). Individuals categorized as “other race, un-
specified” or “unknown race” are included in statistics that 
are not race-specific. Hispanic ethnicity is defined using the 
North American Association of Central Cancer Registries 
Hispanic Identification Algorithm, version 2, data element, 
which integrates a combination of cancer registry data 
fields (Spanish/Hispanic Origin data element, birthplace, 
race, and surnames) to directly and indirectly classify eth-
nicity as Hispanic or non-Hispanic.15

Incidence and Mortality Rates

Average annual age-adjusted incidence rates (AAAIR), 
average annual age-adjusted mortality rates (AAAMR), 
and 95% confidence intervals (95%CI) were estimated 
per 100 000 population based on 5-year age groups and 
were standardized to the 2000 US standard population.16 
Population data for each geographic region were obtained 
from the SEER program website for the purpose of rate 
calculation.17

The mortality data used in this report are from the 
National Center for Health Statistics’ (NCHS) National 

Vital Statistics System (NVSS) that includes death certifi-
cation data for the entire US population (all 50 states and 
the District of Columbia).13 These data were obtained from 
NVSS for malignant brain and other CNS tumors and 
comparison via SEER*Stat (for malignant brain tumors 
only, including deaths due to the following ICD-10 codes: 
C70-C72, C793-C794, D32-D33, D42-D43). NVSS data are 
not collected through the cancer registration system. 
Counts, rates, ratios, proportions, and other relevant sta-
tistics were calculated using R 4.1.3 statistical software18 
and/or SEER*Stat 8.4.0.19 Tables and figures were created 
in R using the following packages: flextable, officer, orca, 
plotly, SEER2R, survminer, and tidyverse.20–27 According to 
the CBTRUS agreement with NPCR, 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 sup-
pressed cell.

Calculation of Relative and Median Overall 
Survival

Survival calculations were measured using relative 
survival (RS) rates and median overall survival time. 
SEER*Stat was used to estimate 1-, 5-, and 10-year RS for 
primary malignant and non-malignant brain and other 
CNS tumor cases. Median survival times were calculated 
using the Kaplan–Meier method for all malignant CNS tu-
mors diagnosed between 2004 and 2018 in R. 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 all survival data 
analyses.

Estimation of Incidence Time Trends

Time trends allows for the assessment of changes to 
cancer incidence or mortality over time. Joinpoint 4.10.0.0 
was used to estimate incidence time trends and generate 
annual percentage changes (APC) and 95% CI. To know 
more about how this method estimates trends, please see 
the CBTRUS Statistical Report, 2022.1 APC was considered 
statistically significant at alpha 0.05.

Results and Discussion

Overall Epidemiology of Primary Brain and Other 
CNS Tumors in the United States

In the United States between 2015 and 2019, there were 
89 158 new cases of primary brain and other CNS tumors 
per year, of which non-malignant tumors represented 
63 889 cases per year, and malignant tumors represented 
25 269 cases per year (Table 1). The incidence of non-
malignant brain tumors was higher in females compared 
to males, while the incidence of malignant brain tumors 
was higher in males compared to females. White people, 
more commonly, had malignant brain tumors compared 
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to other races, while Black people, more commonly, had 
non-malignant brain tumors compared to other races. 
The incidence of non-malignant brain tumors was higher 
in non-Hispanic persons than Hispanic persons. The in-
cidence of malignant and non-malignant brain tumors 
overall increased with age.

Between 2015 and 2019, there were 16 853 deaths per 
year on average due to malignant brain tumors (Table 1). 
The mortality rate was higher in males than females. With 
respect to race, White persons had the highest mortality 
rate, while AIAN persons had the lowest mortality rate. The 
mortality rate was higher in non-Hispanic persons than 
Hispanic persons. Increased mortality was also associated 
with increasing age.

Incidence of Brain and Other CNS Tumors in 
Pediatric and AYA Populations

There were 3512 brain and CNS tumors diagnosed in 
children ages 0–14 years and 12 762 diagnosed in AYA 
ages 15–39 years, in contrast to 34 737 and 38 147 brain 
and CNS tumors diagnosed in adults ages 40–64 years and 
older adults ages 65+ years, respectively (Table 1). When 
assessed as a proportion of all new cancer diagnoses, 
however, brain and CNS tumors represented a larger per-
centage in children ages 0–14 years (30%) compared to 
adults ages 40+ years, where brain and CNS tumors only 
represented 4% of all cancer diagnoses (Figure 1B).

From 2014 to 2018, brain and other CNS tumors were 
the most common type of tumor in children and adoles-
cents 5–19 years (Figure 2A–2D). They were also the most 
common tumor type among infants <1 year, but leukemia 
occurred more frequently among children 1–4 years.4 
As compared to other malignancies in children that have 
decreased in incidence over time, there have been no 
substantial changes in the incidence of these tumors in 
children and adolescents (Figure 2E–2H).

The most commonly diagnosed tumor types in children 
were other gliomas (19.6%), pilocytic astrocytoma (18.0%), 
and embryonal tumors (12.2%) with the majority being 
malignant (Figure 1C). In AYA, the most commonly diag-
nosed tumor types included tumors of the pituitary (36.0%) 
and meningioma (15.7%). Meningioma (45.7%), tumors of 
the pituitary (14.5%), and cranial and paraspinal nerve tu-
mors (8.4%) were the most common diagnoses in adults 
older than 40 years (Figure 1D–1E). In children, more tu-
mors tended to be malignant. In contrast, the majority 
of tumors diagnosed in older age groups tended to be 
non-malignant.

Epidemiology of Gliomas

Gliomas are a heterogenous group of histopathologies 
that make up the majority of malignant primary brain tu-
mors. Classification of these tumors have change substan-
tially with recent revisions to the WHO-CNS. Cases used 
in generating this report were diagnosed from 2015–2019 
and as a result were largely diagnosed using 2016 WHO-
CNS criteria. Under this classification scheme, diffuse as-
trocytic and oligodendrogliomas include glioblastoma 

(glioblastoma, IDH-wildtype and astrocytoma, IDH-mutant, 
WHO-CNS grade IV (4)); diffuse and anaplastic astrocytoma 
(astrocytoma, IDH-mutant, WHO-CNS grades II–III (2–3)); 
and oligodendroglial tumors (oligodendroglioma, IDH-
mutant and 1p/19q-codeleted WHO grades II–III (2–3)). 
However, because molecular data were not collected until 
diagnosis year 2018, CBTRUS analyses continue to use the 
histopathologic classifications and grading criteria in place 
at the time of diagnosis (i.e., 2007 and 2016 WHO-CNS; 
Supplementary Table S2). We provide additional analyses 
for cases diagnosed in 2018 and 2019 only which use mo-
lecularly defined tumor types.

Infiltrating Astrocytomas and 
Oligodendrogliomas

Based on the 2016 WHO-CNS criteria, between 2015 and 
2019 for diffuse astrocytoma (grade II (2)), anaplastic 
astrocytoma (grade III (4)), and glioblastoma (grade IV (4)), 
there were 896, 1382, and 12 652 newly diagnosed cases 
per year on average, respectively (Table 2). All glioma 
histopathologies (tumor types) had a male predominance 
and were more common in White persons compared to 
other races. Incidence tended to increase with age as tumor 
grade increased, as seen with glioblastoma, a high-grade 
tumor, which was more common in older adults (Table 2).

Oligodendroglial tumors are infiltrating tumors arising 
from oligodendrocytes within the CNS and are defined 
molecularly by the presence of IDH mutation and 1p/19q 
codeletion. There were 1112 newly diagnosed cases of ol-
igodendroglial tumors per year on average. These tumors 
occurred more frequently in males compared to females 
irrespective of tumor grade. Oligodendroglial tumors were 
rare in children but more common in AYA and older adults 
(Table 2). White and AIAN persons were more commonly 
affected irrespective of tumor grade compared to other 
races (Table 2).

The prognosis for lower grade infiltrating astrocytoma 
histopathologies worsened with increasing tumor grade. 
Specifically, the 1-year, 5-year, and 10-year RS rates for 
WHO grade II (2) tumors were 89.2%, 66.4%, and rate 
not presented, respectively; for WHO grade III (3) tumors 
were 69.1%, 33.6%, and rate not presented, respectively; 
and for glioblastoma were 42.7%, 6.9%, and 4.3%, respec-
tively (Table 3). Oligodendrogliomas carried better prog-
nosis compared to similar histologichistopathologic grade 
astrocytomas, with 1-year, 5-year, and 10-year RS of 93.2%, 
78.6%, and 65.1%, respectively (Table 3). Improved RS 
rates were associated with both lower grade and younger 
age.

Molecularly-Defined Adult-Type Diffuse Glioma

For cases diagnosed starting in 2018, the BMM variable 
enabled analysis of major brain tumor types according to 
their integrated diagnosis. Glioblastoma, IDH-wildtype was 
more common than astrocytoma, IDH-mutant and oligo-
dendroglioma, IDH-mutant and 1p/19q-codeleted cases 
combined (Table 2). Overall, astrocytoma, IDH-mutant 
had a slightly higher incidence among AYA, compared to 
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Figure 1. (A) Average annual age-adjusted incidence of brain and other CNS tumors and all other cancers by age group at diagnosis, (B) pro-
portion of total cancers occurring in brain and other CNS by age group at diagnosis; distribution of all primary brain and other CNS tumors by 
behavior for (C) children ages 0–14 years, (D) adolescents and young adults ages 15–39 years, and (E) adults ages 40 + years; age-adjusted in-
cidence rates of brain and other CNS tumors by selected histopathologies (tumor types) within age group at diagnosis for (F) children ages 0–14 
years, (G) adolescents and young adults ages 15–39 years, and (H) adults ages 40 + years. (Data from CBTRUS Annual Statistical Report: US 
Cancer Statistics—NPCR and SEER, 2015–2019).
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adults and children; whereas glioblastoma, IDH-wildtype 
was more common in adults compared to AYA and children 
(Table 2). Oligodendroglioma, IDH-mutant and 1p/19q-
codeleted, WHO grade II (2) tumors were observed at sim-
ilar rates in AYA and older adults, while WHO grade III (3) 
tumors were more common in adults. A predominance 
among male and White persons was observed irrespective 
of IDH status or tumor grade.

Although survival data were not available for integrated 
diagnoses in the currently released version of the NPCR 
dataset for malignant brain and CNS tumors, we previ-
ously estimated overall survival for selected adult-type 
diffuse gliomas, pediatric-type high-grade diffuse gliomas, 

and molecularly profiled medulloblastomas for cases 
diagnosed in 2018 using the National Cancer Database.5 
Although not population-based, this dataset includes 
>85% of newly diagnosed malignant brain and other CNS 
tumor cases in the United States from the Commission 
on Cancer (CoC) accredited hospitals. One-year overall 
survival for glioblastoma, IDH-wildtype was 53.7%, while 
1-year survival for astrocytoma, IDH-mutant was 98.0% for 
WHO grade II (2); 92.4% for WHO grade 3; and 76.3% for 
WHO grade IV (4) tumors.5 For oligodendroglioma, IDH-
mutant and 1p/19q-codeleted tumors overall, 1-year sur-
vival was 97.9% for WHO grade II (2) and 94.4% for WHO 
grade III (3).5
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Figure 2. Average annual age-specific incidence rates with 95% confidence intervals and average annual cases for all primary brain andother 
CNS tumors in children ages A) 0–4 years, B) 5–9 years, C) 10–14 years, and D) 15–19 years (Data from CBTRUS Childhood and Adolescent Report: 
US Cancer Statistics—NPCR and SEER, 2014–2018, and the annual age-specific incidence rates and annual percent change (APC) with 95% con-
fidence intervals of selected primary malignant and non-malignant brain and other CNS tumors and incidence trends by the five most common 
histopathologies (tumor types) by age group in children ages E) 0–4 years, F) 5–9 years, G) 10–14 years, and H) 15–19 years (Data from CBTRUS 
Childhood and Adolescent Report: US Cancer Statistics—NPCR and SEER, 2004–2018.)
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Figure 3. Kaplan–Meier survival curves for the five most common malignant histopathologies (tumor types) within age groups at diagnosis 
(ages 0–14 years, 15–39 years, and ages 40 + years). (Data from CBTRUS Annual Statistical Report: NPCR, 2001–2018.)
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Circumscribed Astrocytic Gliomas

Pilocytic astrocytomas were more commonly diagnosed 
among the youngest age group, with an age-adjusted in-
cidence rate of 1.08 in children and 0.08 in older adults 
(Table  2). These tumors have a high survival rate, with 
10-year RS exceeding 90% for children and young adults, 
and 75% for older adults. The median survival for pilocytic 
astrocytoma could not be calculated due to its overall high 
survival rate (Table 3 and Figure 3).

Ependymal Tumors

There were over 1300 ependymal tumors diagnosed annu-
ally on average between 2015 and 2019. The 2021 WHO-CNS 
classification revision further divides ependymal tumors into 
nine subgroups based on anatomical, histopathological, and 
molecular markers. These subtypes have different age pref-
erences and clinical behaviors. Ependymal tumors can be 
found in the supratentorial, infratentorial (posterior fossa), 
and spinal regions. Spinal ependymomas are most common 
in young adults while supratentorial and infratentorial 
(posterior fossa) ependymomas occur mostly in children. 
Ependymal tumors have 1-year RS over 95%, but survival de-
creases over time, especially in young cases. The 10-year RS 
for children is 72.0%, for AYA is 91.7%, and for older adults 
is 76.6%. Spinal ependymomas have the best prognosis 
with a 10-year RS rate of 95.7% (Table 3). Supratentorial 
ependymomas have 1-, 5-, and 10-year RS rates of 91.6%, 
75.6%, and 69.6%, respectively. Infratentorial (posterior fossa) 
ependymomas have 1-, 5-, and 10-year RS of 93.7%, 86.4%, 
and 80.4%, respectively. Although a unique ICD-O-3 code was 
introduced in 2018 for RELA fusion-positive ependymoma 
(i.e., Supratentorial ependymoma, ZFTA fusion-positive), <10 
cases were reported in the NCDB data from 2018; therefore, 
survival statistics could not be calculated.5

Diffuse Midline Glioma

The 2021 WHO-CNS introduced a new schema for organizing 
high-grade and low-grade pediatric-type diffuse gliomas, 
which do not yet have distinct ICD-O-3 codes. In 2018, a 
unique ICD-O-3 code, 9385/3, was implemented for reporting 
diffuse midline gliomas, H3 K27M-mutant (now included 
among diffuse midline gliomas, H3 K27-altered). High-grade 
gliomas of the brainstem are most common in children less 
than 15 years with 232 average annual cases. For diffuse 
midline glioma, H3 K27M-mutant, there were 84 cases diag-
nosed annually, 2018–2019, in children 0–14 years (Table 2).

Survival after diagnosis for high-grade glioma of the 
brainstem is poor. Among all ages, 1-, 5-, and 10-year RS 
was 64.6%, 40.7%, and 35.7%, respectively. We previously 
estimated the survival for diffuse midline gliomas, H3 
K27M-mutant cases diagnosed in 2018 using the National 
Cancer Database.5 Overall, 1-year survival for individuals 
diagnosed with these tumors was 55.9%.

Epidemiology of Meningiomas

Meningiomas are extra-axial tumors arising from the me-
ninges and are the most common primary intracranial 

tumor with an incidence of 35 689 cases per year. Slow-
growing WHO grade I (1) tumors were most common, 
while malignant WHO grade III (3) meningiomas were least 
common (Table 2). Of note, the incidence of WHO grade I 
(1) tumors specifically may be underestimated given that 
a subset are diagnosed by imaging alone, without pa-
thology evaluation. Regardless of grade, these tumors 
more commonly affected older adults, but were rare in 
children. There was a strong female predominance, while 
the incidence was highest in Black persons compared to 
other races. However, when assessing WHO grade III (3) 
tumors specifically, there were no sex or race differences 
observed. RS rates were inversely correlated with WHO 
grade (5-year RS = 95.9% for grade I [1]; 5-year RS = 87.5% 
for grade II [2]; 5-year RS = 49.1% for WHO grade III [3]), as 
well as increasing age regardless of WHO grade (Table 3).

Epidemiology of Hematolymphoid Malignancies 
Involving the CNS (Previously, Primary CNS 
Lymphoma)

Hematolymphoid malignancies involving the CNS or pri-
mary CNS lymphoma (PCNSL) are a rare form of extra 
nodal non-Hodgkin lymphoma involving the CNS without 
evidence of systemic involvement. Most commonly af-
fecting older adults, there were 1696 newly diagnosed 
cases per year among all ages (Table 2). PCSNL had a 
higher incidence in cases that were API persons and White 
persons compared to other races and had a slight male 
predominance. PCNSL can have an aggressive course with 
1-, 5-, and 10-year RS of 55.5%, 38.5%, and 30.8%, respec-
tively (Table 3).

Epidemiology of Embryonal Tumors

Embryonal tumors are aggressive WHO grade IV (4) tu-
mors that frequently arise in the posterior fossa and 
primarily affect young children, with a median age at di-
agnosis of 8 years.4 Embryonal tumors are also the most 
common type of primary CNS tumor in children ages 0–4 
years. They are the fourth most common type of tumor 
overall in children and adolescents ages 0–19 years.4 
Approximately, 634 embryonal tumors were diagnosed an-
nually in the United States (Table 2). Embryonal tumors in-
clude medulloblastoma, atypical teratoid/rhabdoid tumor 
(AT/RT), and the exceedingly rare, embryonal tumor with 
multilayered rosettes (ETMR) (Table 2). In the 2016 and 
2021 WHO-CNS classification schema, medulloblastoma 
is classified into four molecular subtypes: wingless (WNT), 
activated, sonic hedgehog (SHH), activated and TP53-
wildtype or TP53-mutant, and non-WNT/non-SHH. These 
subtypes are associated with specific age groups, with 
SHH-activated being most common in infants and young 
adults,28,29 and all other subtypes being more common 
in childhood. Medulloblastoma is slightly more common 
in males. Children with medulloblastoma of any subtype 
had 1-, 5-, and 10-year survival rates of 90.1%, 73.8%, and 
68.1%, respectively (Table 3). In 2018, unique ICD-O-3 
codes were introduced for the molecular subgroups of 
medulloblastomas; however, we previously showed that 
the uptake in utilization of the molecular-based codes was 
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low in comparison to the conventional histopathology-
based codes.13 Consequently, there remained insufficient 
numbers of medulloblastomas with molecular subtype re-
ported to enable detailed analysis (Table 2). Children with 
AT/RT had worse prognosis, with 1-, 5-, and 10-year RS of 
55.7%, 35.5%, and 32.8%, respectively. AT/RT did not show 
a sex predilection. C19MC-altered EMTR had extremely 
low incidence and a median age at diagnosis of 2 years.

Epidemiology of Germ Cell Tumors

CNS germ cell tumors (GCTs) are categorized into 
germinomas and non-germinomatous subtypes (em-
bryonal carcinoma, yolk sac tumor, choriocarcinoma, 
teratomas, and mixed GCTs). GCTs are most common in 
younger people, with a bimodal distribution in which there 
is a peak incidence in early adolescence and a smaller peak 
in young children under 3 years. There were 256 new cases 
diagnosed annually on average in the United States be-
tween 2015 and 2019. Males remain more commonly af-
fected than females (Table 2). All age groups diagnosed 
with CNS GCT had 1-, 5-, and 10-year RS of 94.1%, 89%, 
and 86.3%, respectively (Table 3).

Epidemiology of Cranial and Paraspinal Nerve 
Tumors

Cranial and paraspinal nerve tumors include schwannomas 
and neurofibromas. Both are typically slow-growing 
WHO grade I (1) tumors, although large plexiform neuro-
fibromas—particularly in the context of Neurofibromatosis 
type 1—carry a small risk of transformation to malignant 
peripheral nerve sheath tumors (MPNST). While neuro-
fibromas are associated with NF1, schwannomas are as-
sociated with NF2. The annual incidence of all cranial and 
paraspinal nerve tumors was 7403 cases per year on av-
erage (Table 2). These tumors were more common in older 
adults and equally affected males and females. Cranial and 
paraspinal nerve tumors were most common in White per-
sons and least common in Black persons. Outcomes were 
excellent with a 10-year RS of 99.2% (Table 3).

Epidemiology of Tumors of the Sellar Region

Tumors of the pituitary had an incidence of 15 373 cases 
per year on average (Table 2). These tumors were more 
common in females compared to males and Black per-
sons compared to other races. The incidence of tumors of 
the pituitary corresponded with increasing age. Prognosis 
was favorable with a 10-year RS of 95.2% (Table 3). We 
previously reported the epidemiology of tumors of the 
sellar region according to the 2017 WHO Classification of 
Tumours of Endocrine Organs.30,31

CBTRUS and Brain Tumor Surveillance Efforts in 
the United States

CBTRUS is a nonprofit 501(c)(3) professional research or-
ganization that provides high-quality statistical data on the 

population-based incidence of primary brain and other CNS 
tumors in the United States. In 1992, US Public Law 102-
515, the Cancer Registries Amendment Act, mandated that 
all primary malignant cancer be reported to CCRs.32 This 
mandate was expanded to include non-malignant CNS tu-
mors with the 2002 passage of Public Law 107–260 starting 
January 1, 2004.33 De-identified data on cancer diagnoses 
and mortality are reported from medical facilities to state-
level CCRs, which then curates and transmits these data 
to NPCR and a special subset to SEER. CBTRUS works in 
a unique partnership with the CDC’s NPCR under a spe-
cial agreement to directly receive data through the NPCR 
Cancer Surveillance System (NPCR-CSS) Submission 
Specifications mechanism.34 Under the guidance of four 
neuropathologists, the CBTRUS histopathology (tumor 
type) groupings were reorganized according to the 2016 
WHO Classification.6 With the release of the 2021 WHO-
CNS classification, we have further attempted to link these 
groupings to the updated schema when possible. This re-
port summarizes the incidence, mortality, and survival 
for the major types of all primary brain and other CNS 
tumors, which were collected as mandated by law for all 
US cancer registries. Therefore, the CBTRUS dataset used 
in this summary is a complete record of all malignant and 
non-malignant brain and other CNS tumors reported in the 
years 2015–2019 according to the cancer collection data 
standards in the United States. Incidence, mortality, and 
survival statistics vary by histopathology (tumor type), age, 
sex, and race/ethnicity for brain and CNS tumors.

Limitations

It is not possible for all cases transmitted to CCRs to un-
dergo central pathology review, and histopathology code 
assignment at case registration is based on histopathology 
information contained in the patient’s medical record. The 
WHO Classification of Tumours of the CNS was revised 
in 1993, 2000, 2007, 2016, and 2021.7,9,35–37 As of 2018, the 
US cancer registration continues to use the 2016 classifi-
cation for data abstraction, but tumors included in this re-
port may have been diagnosed using any of the available 
classifications prior to 2018 due to the variation in imple-
mentation of new standards, including the implementa-
tion of new ICD-O-3 codes. Histopathological classification 
in these data reflect the prevailing criteria at the time of 
diagnosis and subsequent case registration. This means 
that despite changes to histopathologic classification that 
have occurred over time, it is not possible to reclassify tu-
mors based on new criteria but only to revise assignment 
of histopathology (tumor type) groupings (Supplementary 
Table S4) as CBTRUS has done with the data in its re-
port covering 2015–2019. Only the data collected in diag-
nosis years 2018 and 2019 have been collected according 
to the 2016 WHO-CNS criteria and includes integrated 
histomolecular records for several brain tumors, including 
gliomas and medulloblastomas. In addition to changes in 
histopathologic criteria, there has historically been signif-
icant inter-rater variability in histopathological diagnosis 
of glioma.38,39 However, as molecular marker testing is in-
creasingly ordered in clinical practices, the accuracy of in-
tegrated diagnosis will improve.
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While all cases included in this report were diagnosed 
prior to the implementation of the 2021 WHO-CNS, we at-
tempted to present specific histopathologies (e.g., adult 
type diffuse glioma) in a manner congruent with changing 
classifications. The majority of included histopathologies in 
this abbreviated report are largely unchanged in their classi-
fication by the 2021 WHO-CNS. Implementation of the 2021 
WHO classification further expands the role of molecular 
pathology in defining CNS tumors,7 and it is important that 
all stakeholders work together to ensure that WHO classifica-
tions are implemented in a meaningful and timely way.

The majority of survival analyses presented in this re-
port are from NPCR and US Cancer Statistics for 42 of the 
52 CCRs in the United States, primarily through linkage 
with death certificate and other administrative records, 
including health care provider or social security records. 
These methods have been shown to produce reliable and 
robust estimates of cancer survival,40,41 although survival 
may be overestimated in some populations, such as those 
that are more likely to leave the state or country.

Conclusions

This report summarizes the incidence, mortality, and survival 
statistics for brain and CNS tumors in the United States in 
order to provide data that are useful for clinicians, researchers, 
and practicing healthcare providers in neuro oncology.

Supplementary material

Supplementary material is available online at Neuro-
Oncology Practice (https://academic.oup.com/nop).
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