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Abstract
Background. The Central Brain Tumor Registry of the United States (CBTRUS) contains information on all primary 
brain and other central nervous system (CNS) tumors diagnosed in the United States (US). Here we summarize the 
2021 CBTRUS annual statistical report for clinicians.
Methods.  Incidence survival data are obtained from the Centers for Disease Control’s National Program of Cancer 
Registries (NPCR) and National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) program. 
Survival data are obtained from NPCR. Mortality data are obtained from the National Vital Statistics System. 
Incidence and mortality rates are age-adjusted using the 2000 US population and presented per 100,000 population.
Results.  An annual average of 86,355 cases of primary malignant and nonmalignant CNS tumors were diag-
nosed over the period 2014–2018, corresponding to an average annual age-adjusted incidence rate of 24.25. The 
most commonly occurring malignant tumor was glioblastoma (14.3%), and the most common predominately 
nonmalignant tumor was meningioma (39%). Over the 2014–2018 period, there were 16,606 annual average deaths 
due to malignant primary CNS tumors, corresponding to an average annual age-adjusted mortality rate of 4.43. 
In this report we detail key incidence, survival, and mortality statistics for major primary CNS tumor histologies, 
highlighting relevant differences by age, sex, and race.
Conclusions. This summary describes the most up to date population-based incidence of primary malignant and 
nonmalignant brain and other CNS tumors in the US, and mortality and survival for primary malignant tumors and 
aims to serve as a useful resource for clinicians.
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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 Program 
(SEER) publishes a comprehensive annual statistical report 
on primary brain and other central nervous system (CNS) 
tumors reported in the United States (US).1,2 CBTRUS is a 
unique professional research organization that focuses ex-
clusively on providing high-quality statistical data on the 
population-based incidence of primary brain and other 
CNS tumors in the US (for more information on CBTRUS 
see: http://www.cbtrus.org/about/).2 CBTRUS was incor-
porated as a nonprofit organization in 1992 following a 
study conducted by the American Brain Tumor Association 
(ABTA) to determine the feasibility of a population-based 
central registry focused on all primary brain and other 
CNS tumors in the US. CBTRUS is currently the only 
population-based site-specific registry in the US that works 
in partnership with a public cancer surveillance organi-
zation, the CDC’s NPCR, and from which data are directly 
received through the NPCR Cancer Surveillance System 
(NPCR-CSS) Submission Specifications mechanism3 under 
a special agreement.

By US law, all primary cancer including all primary ma-
lignant brain and other CNS tumors must be reported to 
central (state or territorial) cancer registries (CCR), as 
mandated by Public Law 102–515, the Cancer Registries 
Amendment Act of 1992.4 This mandate was expanded to 
include nonmalignant CNS tumors with the 2002 passage 
of Public Law 107–260, starting January 1, 2004.5 Previous 
to 2004, CBTRUS reported data on both malignant and 
nonmalignant brain and other CNS tumors from CCR 
through individual agreements with a subset of US state 
cancer registries that voluntarily provided these data. The 
CBTRUS analytic dataset used in this summary includes 
incidence data from two sources: (1) CDC’s NPCR and (2) 
the NCI’s SEER. De-identified data on cancer diagnoses 
and mortality are reported from hospitals and other med-
ical facilities to state-level CCRs, which then curate and 
transmit these data to either NPCR (48 CCRs) or SEER (4 
CCRs). CBTRUS combines these data to capture incidence 
data from 52 CCRs (50 US states plus Puerto Rico and the 
District of Columbia). Death certificate data from all 50 US 
states and the District of Columbia allows CBTRUS to esti-
mate mortality due to malignant primary brain and other 
CNS tumors. A special dataset from NPCR containing data 
from 42 CCR enables CBTRUS to provide survival esti-
mates (Supplementary Table 1). Data on CNS metastases 
are not recorded by CBTRUS Reports as these tumors are 
not included in US cancer collection practices.

In this paper, we summarize the key findings of the 
CBTRUS 2021 Report (ref), organized by major histologic 
categories. We focus on the age-adjusted incidence rates 
for diagnosis years 2014–2018, mortality due to malignant 
brain and other CNS tumors for years 2014–2018, and sur-
vival rates of patients with CNS tumors for years 2001–
2017. This represents the first summary of the CBTRUS 
annual statistical report for practicing clinicians, with ad-
ditional clinically-relevant analyses focused on WHO grade 
in glioma and meningioma and for site in ependymoma.

Materials and Methods

CBTRUS Data and Classification

An overview of CBTRUS data processing procedures is 
provided in Ostrom, et al.1,6 Briefly, cancer registrars will 
preferentially identify cases from pathological records, 
but if these are not available radiographic diagnosis re-
cords will be used.7 Survival data were obtained for 42 of 
52 US CCR from NPCR for the years 2001–2017.8 Mortality 
data were obtained from the National Center for Health 
Statistics’ (NCHS) National Vital Statistics System (NVSS) 
from 50 states and the District of Columbia for 2014–2018.9

The specific sites used by CBTRUS are based on the 
WHO International Classification of Diseases for Oncology, 
Third Edition (ICD-O-3) topography codes found in World 
Health Organization (WHO) CNS classifications.10 See 
Supplementary Table 2 for the CBTRUS primary site group-
ings. Histology groupings used by CBTRUS are based on 
morphology codes found in ICD-O-3 and the 2016 World 
Health Organization (WHO) Classification of Tumours of the 
Central Nervous System.1,11 Gliomas are one of the most 
common types of primary brain and other CNS tumors. This 
broad category includes astrocytoma (including glioblas-
toma), oligodendroglioma, ependymoma, oligoastrocytoma 
(mixed glioma), and a few rare histologies. Because there is 
no standard definition for glioma, CBTRUS defines glioma as 
ICD-O-3 histology codes 9380-9384, and 9391-9460. Statistics 
produced by CBTRUS for lymphomas refer to those that 
occur only in the CNS (ie primary CNS lymphoma). See 
Supplementary Table 3 for the CBTRUS Histology Grouping 
scheme. The definition of malignant versus nonmalignant 
corresponds to behavior codes of/3 for malignant and be-
havior codes/0 benign and/1 uncertain for nonmalignant 
tumors, with the exception of pilocytic astrocytoma which 
is assigned an ICD-O-3 uncertain behavior code of/1 and is 
considered WHO grade 1, but is historically reported as ma-
lignant by tumor registries; accordingly, CBTRUS reports 
pilocytic astrocytoma as malignant.12

Statistics are presented by age group at diagnosis as 
based on standard surveillance age groups, defined as 
pediatric (age 0–14  years), adolescent and young adult 
(AYA [age 15–39 years]), and older adults (age 40+ years). 
CBTRUS classifies race categories using 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, and unknown race are included in statistics that 
are not race-specific. Hispanic ethnicity is defined using the 
North American Association of Central Cancer Registries 
(NAACCR) Hispanic Identification Algorithm, version 2, 
data element, which utilizes a combination of cancer reg-
istry data fields (Spanish/Hispanic Origin data element, 
birthplace, race, and surnames) to directly and indirectly 
classify cases as Hispanic or non-Hispanic.13

Incidence and Mortality Rates

Incidence rates measure the number of patients who are 
newly diagnosed with disease in each given time period. 
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Materials and Methods

CBTRUS Data and Classification

An overview of CBTRUS data processing procedures is 
provided in Ostrom, et al.1,6 Briefly, cancer registrars will 
preferentially identify cases from pathological records, 
but if these are not available radiographic diagnosis re-
cords will be used.7 Survival data were obtained for 42 of 
52 US CCR from NPCR for the years 2001–2017.8 Mortality 
data were obtained from the National Center for Health 
Statistics’ (NCHS) National Vital Statistics System (NVSS) 
from 50 states and the District of Columbia for 2014–2018.9

The specific sites used by CBTRUS are based on the 
WHO International Classification of Diseases for Oncology, 
Third Edition (ICD-O-3) topography codes found in World 
Health Organization (WHO) CNS classifications.10 See 
Supplementary Table 2 for the CBTRUS primary site group-
ings. Histology groupings used by CBTRUS are based on 
morphology codes found in ICD-O-3 and the 2016 World 
Health Organization (WHO) Classification of Tumours of the 
Central Nervous System.1,11 Gliomas are one of the most 
common types of primary brain and other CNS tumors. This 
broad category includes astrocytoma (including glioblas-
toma), oligodendroglioma, ependymoma, oligoastrocytoma 
(mixed glioma), and a few rare histologies. Because there is 
no standard definition for glioma, CBTRUS defines glioma as 
ICD-O-3 histology codes 9380-9384, and 9391-9460. Statistics 
produced by CBTRUS for lymphomas refer to those that 
occur only in the CNS (ie primary CNS lymphoma). See 
Supplementary Table 3 for the CBTRUS Histology Grouping 
scheme. The definition of malignant versus nonmalignant 
corresponds to behavior codes of/3 for malignant and be-
havior codes/0 benign and/1 uncertain for nonmalignant 
tumors, with the exception of pilocytic astrocytoma which 
is assigned an ICD-O-3 uncertain behavior code of/1 and is 
considered WHO grade 1, but is historically reported as ma-
lignant by tumor registries; accordingly, CBTRUS reports 
pilocytic astrocytoma as malignant.12

Statistics are presented by age group at diagnosis as 
based on standard surveillance age groups, defined as 
pediatric (age 0–14  years), adolescent and young adult 
(AYA [age 15–39 years]), and older adults (age 40+ years). 
CBTRUS classifies race categories using 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, and unknown race are included in statistics that 
are not race-specific. Hispanic ethnicity is defined using the 
North American Association of Central Cancer Registries 
(NAACCR) Hispanic Identification Algorithm, version 2, 
data element, which utilizes a combination of cancer reg-
istry data fields (Spanish/Hispanic Origin data element, 
birthplace, race, and surnames) to directly and indirectly 
classify cases as Hispanic or non-Hispanic.13

Incidence and Mortality Rates

Incidence rates measure the number of patients who are 
newly diagnosed with disease in each given time period. 

Average annual age-adjusted incidence rates (AAAIR) and 
95% confidence intervals (95% CI) were estimated per 
100,000 population based on five-year age groups and 
were standardized to the 2000 US standard population.14 
Population data for each geographic region were obtained 
from the SEER program website15 for the purpose of rate 
calculation.

Mortality rates are a measure of the number of patients 
who die each year due to a specific disease. The mortality 
data used in this report are from the National Center for 
Health Statistics’ (NCHS) National Vital Statistics System 
(NVSS) and include deaths where primary brain or other 
CNS tumor was listed as primary/underlying cause of death 
on the death certificate for individuals from all 50 states 
and the District of Columbia. These data were obtained 
from NVSS9 (includes death certification data for 100% of 
the US population) for malignant brain and other CNS tu-
mors and comparison via SEER*Stat (for malignant brain 
tumors only). NVSS data are not collected through the 
cancer registration system. Average annual age-adjusted 
mortality rates (AAAMR) and 95% confidence intervals 
(95% CI) were estimated per 100,000 population based on 
five-year age groups and were standardized to the 2000 US 
standard population.14 Counts, rates, ratios, proportions, 
and other relevant statistics were calculated using R 4.0.5 
statistical software16 and/or SEER*Stat 8.3.9.17 Figures 
were created in R 4.0.5. According to the CBTRUS agree-
ment with NPCR, rates are suppressed when counts are 
fewer than 16 within a group but included in totals, except 
when data are suppressed from only one group, to prevent 
identification of the number in the suppressed group.

Calculation of Relative and Overall Survival

Survival calculations are measured using two key metrics: 
relative survival rates and median survival time. The rela-
tive survival rate refers to the proportion of cancer patients 
who are alive at a specified timepoint after diagnosis who 
would not otherwise have died from other causes. Relative 
survival is calculated from the observed survival, which 
represents the fraction of cancer patients alive at a speci-
fied time after diagnosis; and the estimated survival, which 
is the fraction of the general population (of the same age) 
that is expected to survive to the specified time. SEER*Stat 
8.3.9 statistical software17 was used to estimate 1-, 5-, and 
10-year relative survival rates for primary malignant brain 
and other CNS tumor cases diagnosed between 2004 and 
2017 in 42 NPCR CCRs. This software utilizes lifetable (actu-
arial) methods to compute survival estimates and accounts 
for current follow-up. The median survival time is defined 
as the time after which 50% of patients had either died or 
been “censored” (survival data no longer known). Median 
survival times are calculated using the Kaplan–Meier 
method for all malignant CNS tumors diagnosed between 
2004 and 2017 in R 4.0.5 statistical software.16 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.

Results

Overview of CNS Tumor Incidence and Mortality

A total of 431,773 cases of brain and other CNS tumors 
were diagnosed in the US from 2014 to 2018, for an an-
nual average of 86,355 CNS tumors. This corresponds to 
an AAAIR of 24.25 (95% CI: 24.17–24.32) (Table 1). Of these 
tumors, 25,105 (AAAIR: 7.06, 95% CI: 7.02–7.10) were clas-
sified as malignant, while 61,250 (AAAIR: 17.19, 95% CI: 
17.12–17.25) were nonmalignant. The incidence of brain 
tumors increased with age. In children age 0–14  years, 
there were 3,562 brain and other CNS tumors diagnosed 
annually (AAAIR: 5.85, 95% CI: 5.76–5.93); in the AYA age 
group (age 15–39  years), 12,512 (AAAIR: 11.82, 95% CI: 
11.73–11.92); and in older adults aged 40+ years, 70,281 
(AAAIR: 43.67, 95% CI: 43.53–43.82). In children, the ma-
jority of tumors were malignant (66.5%), as compared to 
AYA and older adults where nonmalignant tumors repre-
sented the majority of new diagnoses (72.2% and 72.6%, 
respectively). While their incidence increased with age, rel-
ative to all cancer types CNS tumors are less common with 
age (Figure 1). Brain and other CNS tumors are the most 
common cancers in children, the second most common in 
AYA, and the eighth most common in older adults. Overall, 
meningiomas were the most common CNS tumor his-
tology, followed by pituitary tumors and glioblastoma. 
Glioblastoma was the most common malignant CNS 
tumor (49.1%), while meningioma was the most common 
nonmalignant tumor (54.5%) (Figure 2A–C). Incidence of 
specific brain tumor histologies varied substantially by age 
(Figure 2D–F). In children, pilocytic astrocytomas (AAAIR: 
1.07, 95% CI: 1.03–1.10) and other gliomas (AAAIR: 0.87, 
95% CI: 0.84–0.91; this designation likely includes other 
circumscribed gliomas other than pilocytic astrocytoma 
and ependymoma, see Table 7 in Ostrom, et al1) were the 
most common histologies, while glioblastomas (AAAIR: 
0.15, 95% CI: 0.14–0.17) and meningiomas (AAAIR: 0.10, 
95% CI: 0.09–0.11) were extremely uncommon (Figure 2D). 
Pituitary region tumors became increasingly common with 
age and formed the dominant histology in the AYA age 
group (AAAIR: 4.15, 95% CI: 4.10–4.21), after which their 
annual incidence was eclipsed by other histologies (AAAIR 
in older adults: 6.54, 95% CI: 6.48–6.60) (Figure 2E and F). 
The incidence of meningiomas increased markedly with 
age, becoming the second most common histology in AYA 
(AAAIR: 1.93, 95% CI: 1.89–1.97) and most common in older 
adults (AAAIR: 19.56, 95% CI: 19.46–19.66). Glioblastomas 
occured primarily in older adults (AAAIR: 6.97, 95% CI: 
6.91–7.03), particularly in patients older than 65 years.

Over the 2014–2018 period, there were 83,029 deaths 
due to malignant brain and CNS tumors, or 16,606 deaths 
per year, corresponding to an AAAMR of 4.43 (95% CI: 
4.40–4.46) (Table 1). AAAMR increased with age, with the 
AAAMR being 0.70 (95% CI: 0.67–0.73) in children, 0.97 
(95% CI: 0.94–0.99) in AYA, and 9.14 in older adults (95% 
CI: 9.08–9.21).1 Similar to incidence, mortality relative to 
other cancers decreased with age, with malignant brain 
and other CNS tumors being the most common cause of 
cancer death in children, the second most common cause 
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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, and B) pro-
portion of total cancers occurring in brain and other CNS by age group at diagnosis (CBTRUS: US Cancer Statistics - NPCR and SEER, 2014–2018).
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Figure 2.  Distribution of all primary brain and other CNS tumors by behavior for A) children ages 0–14 years old, B) adolescents and young adults 
15–39 years and C) adults 40+ years and age-adjusted incidence rates of brain and other CNS tumors by selected histologies for D) children ages 
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of cancer death in AYA, and the 12th most common cause 
of cancer death in older adults.

For each of the following major CNS tumor histolog-
ical types, the annual incidence, averaged over the five-
year period 2014–2018, AAAIR, AAAMR, and survival data 
(if available, for malignant tumors only) are presented. 
As these rates usually vary with patient age, we divided 
the data into three broad categories by age as described 
above. Significant sex and racial differences in incidence 
rates are also discussed.

Gliomas

Gliomas are named due to their histological resemblance 
to glial cells from which they were historically thought 
to arise: astrocytes, oligodendrocytes, and ependymal 
cells. They may be divided into two broad categories: 
circumscribed gliomas that have well-demarcated bor-
ders and can be completely resected surgically; and dif-
fusely infiltrating gliomas whose borders are poorly 
delineated and cannot be completely removed surgically. 
Circumscribed gliomas include pilocytic astrocytomas 
and ependymomas and are generally low-grade tumors 
that follow a more indolent course. Diffusely infiltrating 
gliomas include diffuse astrocytic and oligodendroglial tu-
mors. These may be low or high grade, are generally more 
clinically aggressive, and harbor an inevitable tendency to 
recur. Based on the 2016 WHO classification and ICD-O-3 
codes, the CBTRUS divides gliomas into the following 
categories: diffuse astrocytic and oligodendroglial tumors; 
other astrocytic tumors (including pilocytic astrocytomas 
and unique astrocytoma variants); ependymal tumors; and 
other gliomas.

Overall, gliomas comprised 51.3% of CNS tumors in 
children, of which pilocytic astrocytoma accounted for the 
largest proportion, totaling 18.3% of CNS tumors, and ep-
endymal tumors comprised 5.3%.1 The diffuse astrocytic 
tumors, including diffuse and anaplastic astrocytoma and 
glioblastoma, together comprised 7.9% of CNS tumors  
in this age group (Figure 2A). Of note, 14.8% of tumors in 
children were classified as “other gliomas”. In contrast, in 
older adults (65+), gliomas comprised 22.4% of all CNS tu-
mors and 78.2% of all malignant CNS tumors of which dif-
fuse astrocytic and oligodendroglial tumors comprised the 
largest proportion of this group (19.3% of all CNS tumors). 
Incidence of these tumors varied significantly across age 
groups (Figure 2D–F). Diffuse astrocytic, oligodendroglial, 
and ependymal tumors were more common in males as 
compared to females, while pilocytic astrocytoma did not 
demonstrate a sex preference. Diffuse astrocytic, oligoden-
droglial, ependymal tumors, and pilocytic astrocytomas 
were all more commonly diagnosed in patients who are 
White as compared to patients who are Black (Table 1). 
The main glioma subtypes displayed marked differences in 
survival (Table 2, Figure 3).

Diffuse Astrocytic and Oligodendroglial Tumors

The 2021 WHO classification uses IDH mutation and 
1p/19q codeletion information to define the diffuse astro-
cytic and olidendroglial glioma subtypes.18 IDH mutation 

without 1p/19q codeletion defines the grades 2, 3, and 4 
astrocytomas, approximately corresponding to the tradi-
tionally used diagnoses of diffuse astrocytoma, anaplastic 
astrocytoma, and secondary glioblastoma, respectively. 
IDH mutation with 1p/19q define the grades 2 and 3 oligo-
dendroglial tumors. Finally, IDH wildtype without 1p/19q 
codeletion largely define glioblastoma (WHO grade 4). 
Because molecular data have only been collected begin-
ning in diagnosis year 2018, in this paper we use the his-
tologic diagnoses recorded in cancer registries that relied 
on the diagnostic criteria in effect at the time of their di-
agnosis. Data on IDH mutation status for diagnosis year 
2018 are available for 75% of diffuse astrocytoma, 85% 
of anaplastic astrocytoma, and 78% of glioblastoma 
cases. Approximately 58% of tumors classified as diffuse 
astrocytoma (ICD-O-3 code 9400/3 only), 50% of anaplastic 
astrocytoma (ICD-O-3 code 9401/3 only), and 3% of glio-
blastoma (ICD-O-3 codes 9440/3 and 9445/3 only) were 
IDH-mutant (see Table 4 in Ostrom, et  al1). Therefore, a 
significant portion of diffuse and anaplastic astrocytoma 
cases would likely be considered glioblastomas in the 2021 
WHO classification due to their IDH-wildtype status.

The overall incidence of diffuse astrocytic and oligo-
dendroglial tumors in the US was 16,625 cases per year 
(AAAIR 4.52, 95% CI: 4.49–4.55).1 They were more common 
with increasing age (AAAIR 0.31 (95% CI: 0.29–0.33) in 
children, 0.84 (95% CI: 0.81–0.86) in AYA, and 1.21 (95% CI: 
1.18–1.23) in older adults). Oligodendroglial tumors occur 
almost exclusively in the AYA (AAAIR 0.37, 95% CI: 0.35–
0.39) and older adult (AAAIR: 0.48, 95% CI: 0.46–0.49) age 
groups. Glioblastomas are overwhelmingly more common 
in older adults (AAAIR: 0.15 (95% CI: 0.14–0.17) in children, 
0.56 (95% CI: 0.54–0.58) in AYA, and 6.97 (95% CI: 6.91–7.03) 
in older adults) (Table 2).

Diffusely infiltrating gliomas had significantly worse 
prognosis than circumscribed gliomas and displayed 
marked variability in survival depending upon histo-
logic subtype (Table 3). Oligodendroglial tumors had the 
highest survival, with oligodendrogliomas showing a me-
dian survival of 199  months (16.5  years) and anaplastic 
oligodendrogliomas (WHO grade 3)  showing a median 
survival of 97  months (8  years). In contrast, infiltrating 
astrocytomas had shorter survival times: 59 months for dif-
fuse astrocytoma (WHO grade 2), 20 months for anaplastic 
astrocytoma (WHO grade 3), and 8  months for glioblas-
toma (WHO grade 4). The overall 1-, 5-, and 10-year relative 
survival rates for glioblastoma were 40.9%, 6.6%, and 4.3%, 
respectively. Survival in glioblastoma was worst in the eld-
erly, with those over age 65 having a 1-, 5-, and 10-year rel-
ative survival rates of 24.0%, 2.7%, and 2.1%, respectively; 
patients in the 40–64-year-old age group showed 1-, 5-, and 
10-year relative survival rates of 52.8%, 7.6%, and 4.5%, re-
spectively. The best survival rates were observed in children 
(1-, 5-, and 10-year survival rates 56.3%, 20.6%, and 17.6%) 
and AYA (1-, 5-, and 10-year survival rates 75.3%, 26.0%, 
18.4%), It is important to note that these glioblastoma data 
included both IDH wildtype and IDH-mutant tumors, since 
the data were collected prior to the 2021 WHO revision that 
excluded IDH-mutant tumors from the glioblastoma diag-
nosis. This is particularly pronounced in the AYA age group, 
where 2018 collection data indicated that 18% of glioblas-
toma diagnoses were IDH mutated
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Figure 3.  Kaplan–Meier survival curves for the five most common histologies within age group at diagnosis (ages 0–14 years old, 15–39 years 
old and 40+ years old). (Data provided by CDC’s National Program of Cancer Registries, 2001–2017).
  

While overall incidence of glioma in the US has gen-
erally been found to be stable over time, incidence of 
specific glioma subtypes has changed (See Figure 23 in 
Ostrom, et  al.1). Some of this change is due to changes 
in diagnostic classification, particularly the elimination 
of oligoastrocytoma as a distinct entity. Several analyses 
conducted since the introduction of the Stupp protocol19 in 
2005 have suggested slight increases in glioblastoma sur-
vival over time.20–22

Circumscribed Gliomas

Pilocytic astrocytomas were more common in the youngest 
age group, with an AAAIR of 1.07 in children but only 0.08 
in older adults (Table 2). Pilocytic astrocytomas had a high 
survival rate, with 10-year survival of >90% for children and 
young adults, and >70% for older adults. The median sur-
vival for pilocytic astrocytoma could not be calculated due 
to its overall high survival rate.

Ependymal tumors are comprised of 9 distinct subtypes 
that are classified according to anatomical site and molec-
ular features and which display distinct age preferences 
and clinical behaviors. Anatomically, ependymal tumors 
were broadly divided into 3 groups: supratentorial, poste-
rior fossa, and spinal ependymomas. Spinal ependymomas 
were most common in young adults while supratentorial 
and posterior fossa ependymomas occurred primarily in 
children. CBTRUS groups ependymal tumors broadly into 
malignant and nonmalignant subtypes. The malignant sub-
types consist of WHO grade 3 anaplastic ependymomas 
and the nonmalignant subtype comprise WHO grades 1 
and 2 ependymal tumors, including subependymomas and  
myxopapillary ependymomas. Nonmalignant epen-
dymal tumors had 10-year survival rates of >90% for all 
age groups. Malignant ependymal tumors demonstrated 
1-year survival rates of >90%, but survival decreased 

over time, particularly in young patients: 10-year sur-
vival rates were 67% for children, 78% for AYA, and 83% 
for older adults. Ependymal tumors in the spine had the 
best prognosis, with a 10-year relative survival rate of 94%. 
Supratentorial ependymomas had 1-, 5-, and 10-year rel-
ative survival rates of 90.5%, 72.8%, and 64.5% respec-
tively. Infratentorial (posterior fossa) ependymomas had 
1-, 5-, and 10-year relative survival rates of 91.7%, 80.0%, 
and 72.7% respectively. With the 2021 WHO classification 
revision,23 these tumors will now be subdivided into 9 sub-
groups based on anatomical, histopathological, and mo-
lecular markers

Meningiomas

Meningiomas are slow-growing extra-axial tumors that 
arise from the meninges. Due to their long latency period 
of approximately 20–30 years and the fact that many diag-
noses are made incidentally when neuroimaging is per-
formed for other indications, meningiomas are likely 
under-diagnosed.24 Overall, 62.5% of meningioma cases 
are diagnosed solely by imaging, though this percentage 
drops to 18.2% of malignant meningioma cases (see 
Table 13 in Ostrom, et al1). While radiographic diagnoses 
are collected by all cancer registries, the completeness 
of radiographic diagnosis data varies from state to state 
and these tumors are likely underreported. Despite this, 
meningiomas are still the most common primary intra-
cranial tumor, with an average of 33,686 cases per year in 
the US based on 2014–2018 data, which is approximately 
double that found for diffuse astrocytic and oligoden-
droglial tumors. However, meningiomas were far more 
clinically indolent than infiltrating glioma, with an overall 
10-year survival of 83.7% for nonmalignant meningiomas 
(WHO grades 1 and 2; see Table 24 in Ostrom, et al1) and 
60.8% for malignant meningiomas (WHO grade 3) (Table 3).  
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Most meningiomas (80%) were WHO grade 1 tumors, 
18.3% were WHO grade 2, and only 1.6% were malignant 
WHO grade 3 tumors. Meningiomas were approximately 
twice as common in females (AAAIR: 12.41, 95% CI: 12.34–
12.49) as compared to males (AAAIR: 5.41, 95% CI: 5.36–
5.46) (See Figure 12 in Ostrom, et  al1). This male-female 
discrepancy became less pronounced at the extremes of 
the age spectrum. No statistically significant sex discrep-
ancy was seen in malignant meningiomas. Patients who 
are Black (AAAIR: 10.70, 95% CI: 10.56–10.85) had a higher 
incidence than patients who are Whites (AAAIR: 8.90, 95% 
CI: 8.85–8.95) (See Figure 14 in Ostrom, et al1).

Lymphomas

Primary CNS lymphoma (PCNSL) is a rare form of 
extranodal lymphoma that arises in the CNS without evi-
dence of systemic involvement at presentation. These are 
rare tumors, with an annual incidence of 1,696 cases in the 
US (AAAIR: 0.45, 95%CI: 0.44–0.46), and occur predomi-
nantly in older adults (Table 2). There was a slight male pre-
dominance (AAAIR for males: 0.50, 95% CI: 0.48–0.52; for 
females: 0.41, 95% CI: 0.40–0.43). Lymphomas were more 
commonly diagnosed in patients who are White (AAAIR: 
0.46, 95%CI: 0.44–0.47) as compared to patients who are 
Black (AAAIR: 0.33, 95%CI: 0.30–0.35) (Table 2). They are 
aggressive tumors with a median survival of 15  months 
(Table 3). Of the cases reported to NPCR and SEER data-
bases from 2004 to 2017, the overall 1-year relative survival 
was 55.3%, 5-year relative survival 38.3%, and 10-year rel-
ative survival 30.5% (Table 3). However, survival rates for 
PCNSL have increased markedly since the introduction of 
high-dose intravenous methotrexate-based chemotherapy 
in the 1990s, with the median survival rates for patients 
diagnosed in the 2010s more than double (26 months) of 
those diagnosed in the 1990s (13 months).25 Improved sur-
vival is strongly associated with younger age.

Nerve Sheath Tumors

Nerve sheath tumors include schwannomas and neuro-
fibromas. Schwannomas are benign, slow-growing WHO 
grade 1 tumors composed exclusively of well-differentiated 
Schwann cells and are associated with loss of the NF-2 
gene product merlin (neurofibromin). Neurofibromas are 
composed of neoplastic Schwann cells and nonneoplastic 
intermixed elements. They are also slow-growing WHO 
grade 1 tumors, although there is a small risk of trans-
formation to malignant peripheral nerve sheath tumors 
(MPNST), particularly for large plexiform neurofibromas. 
They are associated with NF1. There were 7,329 newly diag-
nosed cases per year of nerve sheath tumors in the US, 
with an AAAIR of 2.05 (95% CI: 2.03–2.07) (Table 2). There 
was no sex predilection. These tumors were more com-
monly diagnosed in older adults (AAAIR 3.77, 95% CI: 
3.73–3.81) and are rare in children (AAAIR: 0.25, 95% CI: 
0.23–0.26). They were approximately twice as common in 
patients who are Whites (AAAIR: 2.16, 95% CI: 2.13–2.18) 
and patients who are Asian/Pacific Islanders (AAAIR: 2.09, 
95% CI: 2.00–2.18) as compared to patients who are Blacks 
(AAAIR: 1.05, 95% CI: 1.00–1.09) and patients who are 

American Indians (AAAIR: 1.13, 95% CI: 0.98–1.29). Survival 
is excellent for these tumors, with 10-year survival rates 
of >99%. For rare malignant variants (MPNST), the 1-year 
relative survival was 85.1%, 5-year relative survival 74.7%, 
and 10-year relative survival 71.7% (Table 3).

Sellar Region Tumors

Tumors of the sellar region include pituitary tumors (pri-
marily pituitary adenoma) and craniopharyngioma. Sellar 
region tumors had an estimated annual incidence of 
15,417 (AAAIR: 4.55, 95% CI: 4.52–4.59), were slightly more 
common in females (AAAIR: 5.08, 95% CI: 5.03–5.13) as 
compared to males (AAAIR: 4.11, 95% CI: 4.07–4.16), and 
were significantly more common in patients who are Black 
(AAAIR: 7.19, 95% CI: 7.08–7.31) as compared to patients 
who are White (AAAIR: 4.11, 95% CI: 4.08–4.15) (see Tables 
3 and 14 in Ostrom, et  al1). Pituitary tumors were more 
common with increasing age (AAAIR: 6.54 in older adults, 
95% CI: 6.48–6.60; 4.15 in AYA, 95% CI: 4.10–4.21; and 0.36 in 
children, 95% CI: 0.34–0.38) (Table 2). Craniopharyngiomas 
were considerably less common than pituitary tumors and 
have higher incidence in children and older adults (AAAIR: 
0.22 in older adults, 95% CI: 0.21–0.23; 0.13 in AYA, 95% CI: 
0.12–0.14; and 0.22 in children, 95% CI: 0.21–0.24) (Table 2). 
Pituitary tumors are overwhelmingly nonmalignant, with 
only 0.2% of such tumors reported as malignant (primarily 
pituitary carcinoma). Craniopharyngiomas are classified 
as nonmalignant, though despite their low mortality (See 
Table 24 in Ostrom, et al1) can cause significant morbidity. 
Sellar region tumors have favorable survival rates, with 
10-year relative survival of >90% for pituitary tumors and 
approximately 80% for craniopharyngiomas.

Embryonal Tumors

Embryonal tumors are aggressive WHO grade 4 tumors 
that primarily affect young children, with a median age 
at diagnosis of 8  years. They include medulloblastoma 
(AAAIR in children: 0.49, 95% CI: 0.46–0.51), atypical 
teratoid/rhabdoid tumor (AT/RT, AAAIR in children: 0.12, 
95% CI: 0.11–0.14), and the rare embryonal tumors with 
multilayered rosettes (ETMR). Approximately 650 embry-
onal tumors are diagnosed annually in the US (Table 2). 
Medulloblastoma was more common in males; ATRT did 
not demonstrate a sex predilection. Medulloblastomas 
comprise four distinct subgroups defined by molecular 
criteria that display distinct clinical behavior, response to 
therapy, and prognosis. Children with medulloblastoma 
had 1-, 5-, and 10-year relative survival rates of 89.8%, 
72.6%, and 67.1%, respectively. Children with AT/RT had 1-, 
5-, and 10-year relative survival rates of 52.9%, 33.0%, and 
30.7%, respectively.

Germ Cell Tumors

CNS germ cell tumors are the CNS homologs of their go-
nadal counterparts. They are divided into germinomas 
and nongerminomatous variants. The nongerminomatous 
variants include embryonal carcinoma, yolk sac tumor, 
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choriocarcinoma, teratoma, and mixed germ cell tumors. 
CNS germ cell tumors exhibit a bimodal distribution with 
a peak incidence in the early teens and a smaller peak in 
young children <3  years old. There were 250 new cases 
diagnosed annually on average in the US between 2014 
and 2018. Males were more commonly affected than fe-
males (AAAIR 0.12 for males, 95% CI: 0.11–0.13; 0.04 for fe-
males, 95% CI: 0.04–0.05, Table 2). CNS germ cell tumors 
are more common in East Asia as compared to the US and 
Europe.26 In the US, patients who are Asian/Pacific Islander 
were significantly more likely to be diagnosed with CNS 
germ cell tumors (AAAIR 0.13, 95% CI: 0.11–0.15) as com-
pared to patients who are White (AAAIR 0.08, 95% CI: 
0.08–0.09) and patients who are Black (AAAIR 0.06, 95% CI: 
0.05–0.07) (Table 2). Children with CNS germ cell tumors 
had 1-, 5-, and 10-year relative survival rates of 92.8%, 
87.2%, and 83.4% (80.8%–85.6%), respectively (Table 3).

Conclusions and Perspective

This report summarizes the incidence, mortality, and sur-
vival for the major categories of primary brain and other 
CNS tumors, with an emphasis on statistics most rele-
vant to the practicing clinician. The CBTRUS dataset used 
in this summary is the most complete record of primary 
CNS tumors diagnosed in the years 2014–2018. Despite the 
wealth of information contained in this dataset, several in-
herent limitations should be considered when using and 
interpreting these data:

Radiographic Diagnoses

US cancer registration permits the reporting of cases diag-
nosed by both histologic confirmation (where a tissue 
specimen was examined by a pathologist to confirm the 
diagnosis) and radiographic confirmation (where diag-
nosis was made based solely on imaging). Histologic di-
agnosis affords greater diagnostic certainty, enables the 
assignment of a WHO grade, and is generally the pre-
ferred diagnostic method. However, some tumors, such 
as meningiomas and pilocytic astrocytomas of the optic 
pathway, display characteristic imaging findings that en-
able their diagnoses based solely on imaging criteria. The 
diagnostic certainty for these radiographically-diagnosed 
tumors is inherently somewhat lower.

Changing Diagnostic Criteria and the Collection 
of Molecular Marker Data

Cases transmitted to CCR undergo no central pathology re-
view, and histology code assignment at case registration is 
based on histology information contained in the patient’s 
medical record. The WHO Classification of Tumours of the 
Central Nervous System was revised in 1993,27 2000,28 
2007,29 2016,11 and 2021.18 As of 2018, the US cancer reg-
istration uses the 2016 classification for data abstraction, 
but tumors included in this report may have been diag-
nosed using the prevailing criteria at the time of diagnosis 
and subsequent case registration. This means that despite 

changes to histologic classification that have occurred 
over time, it is not possible to reclassify tumors based on 
new criteria but only to assign them to revised histology 
groupings (Supplementary Table 3) as CBTRUS has done 
with the data in its report covering 2014–2018. Only the 
data collected in 2018 include molecular biomarker in-
formation for certain histologies, including gliomas and 
medulloblastomas. In addition to changes in histologic 
criteria, there has historically been significant inter-rater 
variability in histopathological diagnosis of glioma.30,31 
However, the accuracy of histopathological diagnosis will 
improve as molecular marker testing is increasingly imple-
mented in clinical practice.

The 2021 WHO classification further expands the role 
of molecular pathology in defining CNS tumors, partic-
ularly for the diffuse astrocytic and oligodendroglial tu-
mors where IDH mutation and 1p/19q codeletion status 
are the defining molecular markers.18 It is important that 
key stakeholders, including clinicians, researchers, cancer 
registrars, and standard setters, work together to ensure 
that WHO classifications are implemented in a meaningful 
and timely way. Cancer registries have begun to record 
key molecular marker information including IDH1/2 muta-
tion, 1p/19q codeletion, and MGMT promoter methylation 
status for gliomas; and medulloblastoma molecular sub-
types (WNT- and SHH-activated, including TP53 mutational 
status.1 While such molecular information could not be in-
cluded in the current summary, we anticipate that future 
versions will be able to include stratification by such in-
formation as the data accrue.

Mortality and Survival Data

There are several limitations specific to mortality and sur-
vival data. Mortality statistics depend on the clinician that 
completes an individual’s death certificate. In cases where 
cancer contributed to a death but is not listed as the under-
lying cause of death, the death may be incorrectly attrib-
uted to another cause. Survival data used for this report 
are collected by NPCR for 42 of the 52 CCR in the US, pri-
marily 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 sur-
vival,32,33 although survival may be overestimated in cases 
where death information is missing, such as when a pa-
tient leaves the state or country. Survival data used in this 
report cover the period 2001–2017 and do not include cases 
with molecular marker data, which only began to be col-
lected for specific histologies in diagnosis years 2018. For 
histologies where molecular markers are not critical to di-
agnosis, resulting survival data continue to represent the 
“gold standard” of population-based survival statistics for 
primary brain and CNS tumors. For histologies which now 
incorporate molecular data, particularly the diffuse astro-
cytic and oligodendroglial tumors, survival statistics based 
on histologic groupings continue to represent accurate 
population-based survival for individuals classified under 
the prevailing criteria at their time of diagnosis.

In conclusion, we summarize incidence, mortality, 
and survival statistics for major histologic groupings of 
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primary CNS tumors in the US. We hope that this will serve 
as a resource for clinicians in the field and anticipate future 
reports to reflect increasingly molecular-based WHO diag-
nostic criteria.

Supplementary Material

Supplementary material is available at Neuro-Oncology 
Practice online.
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