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Abstract

Recent analyses have shown that, whereas cancer survival overall has been improving, it has not improved for
adolescents and young adults ages 15-39 years (AYA). The clinical care of AYA with primary brain and other cen-
tral nervous system (CNS) tumors (BT) is complicated by the fact that the histopathologies of such tumors in AYA
differ from their histopathologies in either children (ages 0-14 years) or older adults (ages 40+ years). The present
report, as an update to a 2016 publication from the Central Brain Tumor Registry of the United States and the
American Brain Tumor Association, provides in-depth analyses of the epidemiology of primary BT in AYA in the
United States and is the first to provide biomolecular marker-specific statistics and prevalence by histopathology
for both primary malignant and non-malignant BT in AYA. Between 2016 and 2020, the annual average age-specific
incidence rate (AASIR) of primary malignant and non-malignant BT in AYA was 12.00 per 100,000 population, an
average of 12,848 newly diagnosed cases per year. During the same period, an average of 1,018 AYA deaths per
year were caused by primary malignant BT, representing an annual average age-specific mortality rate of 0.96
per 100,000 population. When primary BT were categorized by histopathology, pituitary tumors were the most
common (36.6%), with an AASIR of 4.34 per 100,000 population. Total incidence increased with age overall; when
stratified by sex, the incidence was higher in females than males at all ages. Incidence rates for all primary BT
combined and for non-malignant tumors only were highest for non-Hispanic American Indian/Alaska Native indi-
viduals, whereas malignant tumors were more frequent in non-Hispanic White individuals, compared with other
racial/ethnic groups. On the basis of histopathology, the most common molecularly defined tumor was diffuse
glioma (an AASIR of 1.51 per 100,000). Primary malignant BT are the second most common cause of cancer death
in the AYA population. Incidence rates of primary BT overall, as well as specific histopathologies, vary significantly
by age. Accordingly, an accurate statistical assessment of primary BT in the AYA population is vital for better un-
derstanding the impact of these tumors on the US population and to serve as a reference for afflicted individuals,
for researchers investigating new therapies, and for clinicians treating these patients.
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Executive Summary

The Central Brain Tumor Registry of the United States
(CBTRUS), developed in collaboration with the Centers
for Disease Control and Prevention (CDC) and the National
Cancer Institute (NCI) of the US National Institutes of
Health, is the largest population-based registry focused
exclusively on primary brain and other central nervous
system (CNS) tumors (BT) in the United States. As such,
CBTRUS represents the entire US population.The CBTRUS
Statistical Report: American Brain Tumor Association &
NCI Neuro-Oncology Branch Adolescent and Young Adult
Primary Brain and Other Central Nervous System Tumors
Diagnosed in the United States in 2016-2020 contains the
most up-to-date population-based data on primary BT in
adolescents and young adults ages 15-39 years (AYA) avail-
able through the US surveillance system and supersedes
all previous reports in terms of completeness and accu-
racy.This age range is used by the NCI's SEER Program, the
2023 CBTRUS Statistical Report, and many other cancer
reporting agencies."? Accordingly, this report represents a
current, comprehensive source for the descriptive epide-
miology of these tumors.

Incidence: Newly Diagnosed Primary Brain and
Other CNS Tumors in AYA, 2016-2020

e Between 2016 and 2020, the annual average age-
specific incidence rate of all primary malignant and
non-malignant BT in AYA was 12.00 per 100,000 popu-
lation. The incidence for malignant tumors only (ICD-O-3
behavior code of /3) was 3.21 per 100,000 population
versus 8.79 per 100,000 population for non-malignant
tumors (ICD-0O-3 behavior code of /0 or /1).

e The rate of all primary malignant and non-malignant BT
in AYA was higher in females than males (14.67 vs 9.38
per 100,000, respectively). Primary malignant BT were
more frequent in males than females (3.66 vs 2.75 per
100,000, respectively).

¢ Incidence was slightly higher in AYA who were non-
Hispanic American Indian/Alaska Native (12.75 per
100,000) compared with AYA who were non-Hispanic
White (12.71 per 100,000), non-Hispanic Black (11.50 per
100,000), non-Hispanic Asian or Pacific Islander (6.55
per 100,000), or Hispanic AYA of all races (10.44 per
100,000).

¢ Incidence was higher in young adults ages 35-39 years
(18.05 per 100,000) than in all other age groups in the
AYA spectrum at diagnosis.

e |In 2024, an estimated 13,350 new cases of primary
malignant or non-malignant BT will be diagnosed in AYA
in the United States.

Mortality: Deaths Due to Primary Brain and Other
CNS Tumors in AYA, 2016-2020

e QOverall, 5,090 deaths were attributed to primary malig-
nant BT in AYA ages 15-39 years at death.This represents

an annual average age-specific mortality rate of 0.96 per
100,000 population and an average of 1,018 deaths per
year caused by primary malignant BT.

e Although overall mortality due to primary BT decreased
by 1.6% between 1969 and 1981 (95% Cl: -2.2% to —1.0%)
and by 1.8% from 1994 to 2007 (95% Cl: —2.4% to —-1.3%),
AYA mortality related to these tumors has not changed
significantly since 2007.

e Primary BT are the second most significant contributors
to cancer death in AYA overall and the leading contrib-
utor in those who die at 15-24 years of age.

Survival: From Diagnosis to 5 Years Beyond in
AYA, 2016-2020

e The 5-year relative survival rate after diagnosis of a pri-
mary malignant or non-malignant BT tumor was 91.1%.

e Survival after diagnosis of a primary BT was highest
in adolescents ages 15-19 years (92.0%) and lowest in
young adults ages 35-39 years (89.9%).

e Among AYA with malignant tumors, the 5-year relative
survival rate was 72.7%.

Prevalence: Total AYA Living with a Primary
Brain or Other CNS Tumor

* An estimated 208,620 AYA will be living with a primary
BT diagnosis in 2024.This number is approximately 50%
higher than the estimated 132,620 AYA who will be living
with a leukemia or a related disorder.

* |n 2024, the most prevalent histopathological group is
expected to be tumors of the sellar region (an estimated
57,850 cases).

Introduction

Primary brain and other central nervous system (CNS)
tumors (BT) found in adolescents and young adults ages
15-39 years (AYA) are a distinct group of tumors that pose
challenges not only for treatment, but also for reporting.
Overall, tumors in the AYA age group are biologically dis-
tinct from tumors in both younger children (ages 0-14
years) and older adults (ages 40+ years),®* and they pro-
duce different histopathologies.’®® Prognosis and ex-
pected survival also vary between younger and older
adults, with longer survival generally observed in those
who are younger at the time of diagnosis."’- Despite this
survival advantage, recent analyses have shown that, al-
though cancer survival has been improving overall, it has
not improved for AYA. 89

The present report, as an update to a 2016 publica-
tion from the CBTRUS and the American Brain Tumor
Association,® provides in-depth analyses of the epidemi-
ology of primary BT in AYA in the United States and is the
first to provide biomolecular marker-specific statistics and
prevalence by histopathology for both malignant and non-
malignant primary BT in AYA.
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Background

CBTRUS is a population-based site-specific registry in
the United States that works in partnership with a public
cancer surveillance organization, the US Centers for
Disease Control and Prevention (CDC)’s National Program
of Central Registries (NPCR), and with the Surveillance,
Epidemiology and End Results (SEER) Program of the
National Cancer Institute (NCI) of the US National Institutes
of Health. The SEER program was established for national
cancer surveillance in the early 1970s."° Collection of cen-
tral cancer data was mandated in 1992 by Public Law 102-
515, the Cancer Registries Amendment Act.” With the
passage of Public Law 107-260 in 2002, this mandate was
expanded to include non-malignant BT as of January 1,
2004.2 The CBTRUS database represents the largest ag-
gregation of population-based data on the incidence of
primary BT in the United States and serves as a global
resource.

The SEER data are received directly under a special
agreement’ that permits data transfer through the NPCR
Cancer Surveillance System (NPCR-CSS) submission spe-
cifications mechanism. CBTRUS researchers combine the
NPCR data with data from the NCl's SEER Program. As
noted above, the SEER data on non-malignant tumors in-
cluded in the current report were available only from years
2004 onward (2006 for trends analyses, due to significant
variability in first 2 years of collection).

All data from NPCR and SEER originate from tumor
registrars who report these data to the central cancer reg-
istry (CCR) in their state. Tumor registrars adhere to the
Uniform Data Standards for malignant and non-malignant
primary BT, as directed by the North American Association
of Central Cancer Registries (NAACCR) (http://www.naaccr.
org). Along with the Uniform Data Standards, various
quality control checks and a system for rating each CCR fur-
ther ensure that these data are reported as accurately and
completely as possible. These measures permit CBTRUS,
as a surveillance partner, to obtain high-quality data with
histopathological specificity that is useful to the commu-
nities it serves. Aggregate information on all cancers, in-
cluding primary BT, from all US CCRs is available from the
United States Cancer Statistics (USCS)Working Group.''4

Data Collection and Classification
Incidence Data

CBTRUS contains deidentified incidence data from 52 in-
dependent CCRs (48 NPCR and 4 SEER registries) rep-
resenting the entire US population for the time period
examined in this report."”® The population-based CCRs rep-
resent all 50 states plus the District of Columbia and Puerto
Rico. See the 2023 CBTRUS Statistical Report’ for addi-
tional information about how these data are obtained and
processed. In the United States, cancer registries and sur-
veillance groups collect data on primary BT only (meaning
tumors that originate within the brain and spinal cord) and
do not collect data on tumors that metastasize to the brain
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or spinal cord from other primary sites. As a result, only
primary BT are included in this report.

In 2006, the National Institutes of Health, the NCI, and the
LiveStrong Young Adult Alliance conducted a progress re-
view of AYA oncology. Their publication, entitled Research
and care imperatives for adolescents and young adults
with cancer: a report of the Adolescent and Young Adult
Oncology Progress Review Group,'® established the
standard age range for AYA as 15-39 years. This age
range is used by the NCI's SEER Program, CBTRUS (2023
CBTRUS Statistical Report), and many other cancer re-
porting agencies.'?

Incidence data for selected other cancers common in
AYA were obtained from the USCS, produced by the CDC
and NCI, for the purpose of comparison with incidence
rates for primary BT in AYA." This database includes both
NPCR and SEER data and represents the entire US popula-
tion. Comparison cancers are classified by using the SEER
AYA Site Recode 2020 Revision grouping system, which
only includes malignant behavior.”® Incidence data for
trends were collected from 2004 through 2019.

Impact of the COVID-19 Pandemic on 2020
Cancer Incidence Data

Health care disruptions caused by the COVID-19 pandemic
significantly affected cancer incidence data through diag-
nosis delays and new case abstraction."’® The 2020 data
were included in all calculated incidence rates but were ex-
cluded from trends analyses.

Survival Data

Deidentified USCS survival data for malignant and non-
malignant primary BT were obtained from 39 NPCR regis-
tries.?? This dataset provides population-based information
for 84% of the US population for the years 2004 to 2019 and
is a subset of the data used for the incidence calculations pre-
sented in this report. Survival information is derived from
both active and passive follow-up. Secondary or later pri-
mary tumors (in AYA, approximately 3% of newly diagnosed
primary BT), cases diagnosed at autopsy, cases in which
either race or sex was coded as other or unknown, and per-
sons known to be alive but for whom follow-up time could
not be calculated, were excluded from survival data analyses.

Mortality Data

Mortality data used in this report were derived from the
National Vital Statistics System (NVSS), which includes death
certification data for individuals from all 50 states and the
District of Columbia. NVSS data are not collected through the
cancer registration system; rather, they represent the primary
cause of death listed on each individual death certificate. As
a result, deaths in persons with cancer could be recorded
as noncancer deaths. For the current report, the NVSS data
were limited to deaths in which a primary malignant BT was
listed as the primary cause of death on the death certificate.
Comparison data on malignant BT and other comparison
cancers were obtained using SEER*Stat.?!
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International estimates of malignant primary BT inci-
dence and mortality were obtained from GLOBOCAN, a
project of the International Agency for Research on Cancer
(https://gco.iarc.fr/today/).?2 These estimates are generated
using estimates from regional and national cancer regis-
tries worldwide.

Classification by Tumor Site and Histopathology

The primary malignant and non-malignant tumors re-
ported herein were classified according to the following
International Classification of Diseases for Oncology,
Third Edition (ICD-O-3)?® anatomical sites: brain, me-
ninges, spinal cord, cranial nerves, and other parts of the
CNS; pituitary and pineal glands; and nasal cavity (ICD-
0-3 site code C30.0 and histopathology codes 9522-9523
only) (Supplementary Table 1). Note that the statistics for
lymphomas and hematopoietic neoplasms contained in
this report refer only to those that arise in the brain and
other CNS ICD-0-3 topography codes.

For histopathology groupings, CBTRUS is using his-
topathology groupings according to 2016 World Health
Organization Classification of Tumours of the Central
Nervous System (Supplementary Table 2).24?% As there is
no standard definition for glioma, CBTRUS defines glioma
as ICD-O-3 histopathology codes 9380-9384 and 9391-
9460, as starred in Supplementary Table 2.

Classification by Behavior

Primary BT can be broadly classified as non-malignant
(ICD-0-3 behavior codes /0 for benign and /1 for uncertain)
or malignant (ICD-O-3 behavior code /3). In 2002, the Cancer
Registries Amendment Act (Public Law 102-515) mandated
collection of central (state) cancer data for all primary ma-
lignant tumors (Supplementary Table 2)." With the passage
of Public Law 107-260 a decade later, this mandate was ex-
panded to include non-malignant BT as of January 1, 2004.%6

Pilocytic astrocytoma is clinically considered and classi-
fied as a grade | non-malignant tumor by the WHO guide-
lines for BT? For the purposes of cancer registration,
these tumors have historically been reported as malig-
nant tumors (9421/3), both in the United States and world-
wide by the International Agency for Research on Cancer
and the International Association of Cancer Registries.?8%°
Accordingly, CBTRUS classifies these tumors as malignant
in its reporting unless otherwise stated. It should be noted
that cases of pilocytic astrocytoma or juvenile pilocytic
astrocytoma diagnosed in, or after, 2023 (and therefore not
available for analysis until 2026) will no longer be considered
as malignant (/3), but uncertain (/1); ICD-O code 9421/3 will
be reserved for high-grade astrocytoma with piloid features.
The effects of this reclassification on cancer incidence and
survival reporting are being discussed.>30

CBTRUS is currently engaged in ongoing collaborations
with other cancer registry reporting groups, including
SEER, to harmonize brain tumor reporting definitions. See
the 2023 CBTRUS Statistical Report: Primary Brain and
Other Central Nervous System Tumors Diagnosed in the
United States in 2016-2020 for further information on dif-
ferences in brain tumor definitions.’

Classification by Brain Molecular Markers

Given the growing recognition of the value of biomarkers
for classifying specific brain tumor histopathologies, the
WHO Classification of Tumours of the Central Nervous
System included biomarkers in its 2016 revision.?' Starting
with diagnosis year 2018, the US cancer registry system
began collecting information on multiple BT biomarkers,
including isocitrate dehydrogenase 1/2 (IDH1/2) mutation,
1p/19q co-deletion, medulloblastoma molecular subtypes,
and all biomarkers in the 2016 WHO classification that use
the brain molecular marker variable (see Supplementary
Table 3 for an overview of applicable histopathologies
and coding schemes). Additional molecularly defined
histopathologies from the 2016 WHO classification were
added using their new ICD-O-3 codes, for which collec-
tion also began in 2018. These data were first available to
CBTRUS with the 2021 NPCR and SEER data releases. As a
result, the data included in this report are for the 2018-2020
diagnosis years only. CBTRUS evaluated the completeness
of these markers in 2021, the first year these data were
available in the NPCR and SEER combined dataset.3?

New molecularly defined histopathologies introduced in
the 2021 WHO classification have been incorporated into a
revised brain molecular marker variable. These will be col-
lected for the first time starting in diagnosis year 2024 and
will be available for analysis in reporting year 2027.

Statistical Methods

This report presents the following population-based meas-
ures: incidence rates, prevalence, mortality rates, observed
survival (median survival time and hazard ratios), and rel-
ative survival rates (for more information on definitions of
terms and measures used, see https://cbtrus.org/cbtrus-
glossary/). Counts, means, medians, rates, ratios, propor-
tions, and other relevant statistics were calculated using R
4.3.2 statistical software® and/or SEER*Stat 8.4.2.34 Figures
and tables were created in R 4.3.2 using the following pack-
ages: flextable, officer, orca, ggplot2, plotly, SEER2R, sf, ti-
gris, and tidyverse.3%43

Incidence and mortality rates were suppressed when
counts were fewer than 16 within a cell but were included
in totals, except when data were suppressed from only
one cell to prevent identification of the number in the sup-
pressed cell. Survival estimates were suppressed when be-
ginning counts were fewer than 50 or when fewer than 16
individuals in the cohort remained alive during the period
for which survival was being estimated. NOTE: Reported
percentages may not add up to 100% due to rounding.

Estimation of Incidence and Mortality Rates

Incidence

Incidence is the number of newly diagnosed primary BT in
a given time period.

Average annual age-specific incidence rates (AASIR), inci-
dence rate ratios (IRR), and 95% confidence intervals (Cl)
per 100,000 population were estimated using the CBTRUS
analytic dataset'® for years 2016-2020 and were based on
5-year age groups and were standardized to the 2000 US
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standard population. Population data for each geographic
region were obtained from the SEER program website.**
P-values for incidence rate ratios were calculated using
previously described method?*® and were considered statis-
tically significantly different when less than 0.05.

Estimates are presented by histopathology, age group at
diagnosis, tumor behavior, sex, race/ethnicity, urbanicity,
and brain molecular markers. Sex categories in this report
are male and female; cases in which sex was coded as other
or unknown were excluded from data analyses. Racial/
ethnic categories are non-Hispanic White, non-Hispanic
Black, non-Hispanic American Indian/Alaska Native,
non-Hispanic Asian or Pacific Islander, and Hispanic (all
races). 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.*¢ The categories other race, un-
specified, and unknown race were included in statistics
that are not race-specific.

The NAACCR regional scheme (http:/faststats.naaccr.
org/usregions.php) was used for statistics reported by
region of the United States. Urbanicity was defined ac-
cording to an individual’s residence at time of diagnosis
and by using the 2013 US Department of Agriculture
Rural-Urban Continuum code (RUCC) classifications,
which categorize all US counties as either metropolitan or
nonmetropolitan.*’ The metropolitan counties (RUCC 1 to
3) are distinguished by the population size of their metro
area, and nonmetropolitan counties (RUCC 4 to 9) are dis-
tinguished by population size, the degree of urbanization
and adjacency to a metropolitan area.

Mortality, Relative Survival, Overall Survival, and
Adjusted Hazard Ratios
Mortality is the number of deaths due to primary BT within
a given time period.
Average annual age-specific mortality rates (AASMR) for
deaths resulting from all primary malignant BT were cal-
culated per 100,000 population by using NVSS mortality
data available in the SEER*Stat online database for years
2016-2020.8 These data were available for 50 states and
the District of Columbia. Mortality estimates are presented
as the age of death due to a primary BT. Rates are pre-
sented by 5-year age group at death, sex, race/ethnicity,
and state. AASMR for single-year ages at death were gen-
erated using CDC Wonder.*®

As mortality estimates herein are presented as age at
death, they may include individuals who were diagnosed
with a primary BT as a child aged 0-14 years and survived
into adolescence or young adulthood before dying from
theirillness.To estimate the proportion of these deaths that
occurred in these pediatric brain tumor survivors, we cal-
culated age at diagnosis for those who died in the AYA age
group of a primary BT in SEER between 2016 and 2020.

The 1-, 5-, and 10-year relative survival rates for malig-
nant and non-malignant primary BT cases diagnosed be-
tween 2004-2019 and registered at 39 NPCR CCRs were
estimated using SEER*Stat.>® Median survival time for all
primary BT diagnosed between 2001-2019 (2004-2019 for

Price et al.: CBTRUS Statistical Report

non-malignant tumors) reported to the 39 NPCR CCRs was
calculated by histopathology and tumor site by using the
Kaplan-Meier method, as well as by 5-year age group.

Cox proportional hazard models were used to test asso-
ciations between demographic factors and overall survival
by histopathology for primary malignant BT diagnosed
in 2001-2020. All models were adjusted for sex (reference
group: male), and race/ethnicity (reference group: non-
HispanicWhite). These models were used to estimate hazard
ratios associated with each group and corresponding 95%
Cl and P-values. Adjusted estimates included all covariates
(sex and race/ethnicity) a priori, regardless of individual sig-
nificance level. The proportional hazards assumption was
tested separately by histopathology, and residuals were
examined for all variables. Hazard ratios were considered
statistically significantly different when the P-value was less
than 0.05 or the 95% Cl did not include the null.

Incidence and Mortality Time Trends
Joinpoint 5.0.2.0°" was used to estimate incidence and
mortality time trends and to generate annual percentage
changes (APCs) and 95% Cls. 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’ results in a model whose fit represents a sta-
tistically significant improvement over the model with no
joinpoints.These models are tested using Monte Carlo per-
mutations—that is, the program repeats the same analysis
multiple times and uses random samples to identify the
“true” proportion of times that a comparison is statistically
significant.5? The models allowed for a maximum of three
joinpoints (two for non-malignant tumors), a minimum of
3 years from a joinpoint to either end of the time period,
and a minimum of 3 years between joinpoints.5354
Histopathologies for the five most incident and five most
mortality-causing comparison cancers and primary BT are
presented by age group. Trends for the year 2020 were
excluded in accordance with current SEER guidelines in
response to the COVID-19 pandemic’s effect on cancer re-
porting and survival.

Future Cases
Estimated numbers of expected malignant and non-
malignant primary BT were calculated for 2024-2026. To
project estimates of newly diagnosed primary BT, age-
specific annual tumor incidence rates were generated for
2001-2019 for malignant tumors and for 2006-2019 for
non-malignant tumors (excluding years 2004-2005, the
first few years of data collection for non-malignant tumors,
when incidence increased significantly). Incidence data
from the year 2020 were excluded due to noted data quality
issues during the first year of the COVID-19 pandemic.
Incidence rates were generated by age and histopath-
ological type. Joinpoint 5.0.2.0%" was used to fit regres-
sion models to these incidence rates,®? which were used
to predict numbers of cases in future years by using the
parameter from the selected models. Modified Bayesian
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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
tumor incidence; when stratified, these rates may not add
up to the overall totals. Estimated numbers of cases are
highly dependent on input data.

Different patterns of incidence within strata can signifi-
cantly 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 exercised when
using these estimates.

Estimation of Prevalence
Prevalence is the number of individuals living with a
primary BT at a given point in time, regardless of when the
diagnosis was made.
For estimating the prevalence of primary BT, new case
counts for malignant and non-malignant BT were ex-
tracted by histopathology and age at diagnosis from
CBTRUS'™ for 2000-2020 (2004-2020 for non-malignant
tumors) and from SEER 8% for 1975-2020. For comparison
cancers, new case counts by International Classification of
Childhood Cancer-defined histopathology and age at diag-
nosis were extracted from USCS for 2001-2020 and from
SEER 8 for 1975-2020. Survival data for 1975-2019 were
obtained from SEER 8 (2020 survival rates were presumed
equal to 2019 rates). Projected new diagnosis numbers and
survival for 2021-2024 were estimated on the basis of data
from 2010-2019 (2020 was excluded due to known data
quality issues in the first year of the COVID-19 pandemic).
The total number of cases by histopathology and age as of
December 31, 2024 was estimated using prevEst.51:53:56
Prevalence estimates were based on age in 2024. As a
result, prevalence estimates may include individuals diag-
nosed as a child who survived into adolescence or young
adulthood. Prevalence estimates were further stratified by
age at diagnosis (0-14 vs 15-39) to assess proportion of
cases representing pediatric brain tumor diagnoses.

Results

Overall, the AASIR of all malignant and non-malignant pri-
mary BT in AYA was 12.00 per 100,000 population between
2016 and 2020, for an average of 12,848 newly diagnosed
cases per year (Table 1, Figure 1). During the same period,
5,090 AYA deaths were attributed to malignant primary BT.
This represents an AASMR of 0.96 per 100,000 population
and an average 1,018 deaths per year caused by primary
malignant BT (Table 1, Figure 1).

Central Cancer (State) Registry-Specific Regional
and Global Brain Tumor Incidence and Mortality,
2016-2020

The overall incidence and mortality rates for all primary BT
in AYA by CCR are shown in Figure 2 and Supplementary
Table 4. See Supplementary Figure 1 and Supplementary

Figure 2 for incidence and mortality by AYA age group at di-
agnosis (15-19, 20-24, 25-29, 30-34, and 35-39 years).

e Incidence of (Figure 2A) and mortality from (Figure 2B)
primary BT varied by CCR. Regional variations among
CCRs probably reflect differences in reporting and case
ascertainment practices, along with demographic differ-
ences in the underlying population that are associated
with variations in BT risk.

e Internationally, incidence (Figure 3A) and mortality
(Figure 3B) due to primary BT in AYA varied by country
and region.

e Higher-income countries have higher average annual in-
cidence than their counterparts, with the United States,
Canada, and some European countries representing the
highest incidence of primary BT.

Frequency of Primary Brain and Other CNS
Tumors, by Histopathology and WHO Grade
Completeness, 2016-2020

The distribution of primary BT in AYA by tumor site is
shown in Figure 4A. Frequencies for each site by age group
are presented in Supplementary Figures 3A-7A.

e The most
craniopharyngeal
meninges (16.3%).

e The least common site, the brain stem, accounted for
2.4% of tumors.

e “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
locations in the brain. See Supplementary Table 1 for
information about the specific sites included in these
groups.

e Among adolescents ages 15-19 years, tumors of the
pituitary and craniopharyngeal duct (36.8%) were the
most common, followed by other brain tumors (7.7%),
which includes miscellaneous and diagnoses that do not
fit other histopathologies.

e Among young adults ages 20-24 years, tumors of the
pituitary (43.7%) were the most common, followed by tu-
mors of the frontal lobe (8.9%) and the meninges (8.6%).

e Among young adults ages 25-29, 30-34, and 35-39
years, tumors of the pituitary were the most common,
followed by tumors of the meninges and the frontal lobe.

common
duct

site was the pituitary and
(38.0%), followed by the

The distribution in AYA of primary BT is shown by his-
topathology in Figure 4B and by behavior in Figure 5.
Frequencies for each histopathology are presented in
Table 2. Frequencies by age group are presented in
Supplementary Table 6 and Supplementary Figures 3B-7B.

e The most frequent histopathology was non-malignant
tumors of the pituitary (36.5%).

e The most frequently reported malignant tumors in-
cluded glioblastoma (17.9% of malignant BT), and adult-
type lower grade astrocytomas (diffuse astrocytoma and
anaplastic astrocytoma, 15.3% and 11.7% of malignant
BT, respectively).
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a Rates are per 100,000 population.

b For incidence data, age at diagnosis; for mortality data, age at death.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of

the United States; CDC, Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National

Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End

Results Program; USCS, United States Cancer Statistics.

Fig.1 2016-2020 Average Annual Age-Specific Incidence and Mortality? for Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years®

e Meningiomas accounted for 16.0% of all new primary BT e Total incidence increased with increasing age overall

diagnoses (21.7% of all non-malignant tumors).

¢ |n adolescents ages 15-19 years, the most common his-
topathology was tumors of the pituitary (34.5%), fol-
lowed by neuronal and mixed neuronal-glial tumors
(8.8%) and pilocytic astrocytoma (8.0%).

e Among young adults ages 20-39 years, tumors of
the pituitary were the most common histopathology,
followed by meningiomas and nerve sheath tumors.

The distribution of primary BT in AYA by WHO grade is
shown in Supplementary Table 6.

e Overall, 58.1% of primary BT were confirmed histo-
pathologically. A larger proportion of malignant tumors
were confirmed histopathologically (90.6%), compared
with non-malignant tumors (46.2%).

e Of histopathogically confirmed tumors, the largest pro-
portion of primary BT was assigned a CNSWHO grade of
11 (44.7%).

Age-Specific Incidence Rates, 2016—2020

The overall AASIR for all primary BT in AYA was 12.00 per
100,000 population; non-malignant tumors were more fre-
quent than malignant tumors in all age groups (Table 1).
Histopathological AASIR is shown by behavior and single-
year age at diagnosis in Figure 6 and overall by single-year
age in Supplementary Figure 8. AASIRs overall by histopa-
thology grouping are shown in Table 2 and by age group
in Table 3.

and when stratified by sex and behavior.

e Qverall incidence was higher in females than males at
all ages, however, when stratified by behavior, incidence
was higher in males than females in all ages when re-
stricted to malignant tumors.

e Among CBTRUS major histopathology groupings, inci-
dence rates were highest for tumors of the sellar region
(4.47 per 100,000), followed by tumors of meninges (2.29
per 100,000), diffuse astrocytic and oligodendroglial tu-
mors (1.81 per 100,000), and tumors of cranial and spinal
nerves (1.03 per 100,000).

e Among CBTRUS specific histopathology groupings, inci-
dence rates were highest for tumors of the pituitary (4.34
per 100,000), meningiomas (2.00 per 100,000), glioblas-
toma (0.58 per 100,000), and diffuse astrocytoma (0.48
per 100,000).

Median Age at Diagnosis
Among AYA, median age for diagnosis varied by tumor
type.The median age at diagnosis for a primary BT among
those in the AYA age group was 31 years, slightly older
than the predicted median (27 years) if the age distribu-
tions were equal (Table 2).

e The histopathology-specific median ages ranged
from 20 years for germ cell tumors to 34 years for
meningioma.

e The median age for pilocytic astrocytoma, unique
astrocytoma variants, neuronal and mixed neuronal-glial
tumors, and germ cell tumors was less than 25 years of
age at diagnosis.
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Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.
A iati :AYA, ad

1ts and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and Prevention;

CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United

States Cancer Statistics.

Fig. 2 2016-2020 Average Annual Age-Specific (A) Incidence and (B) Mortality? due to Primary Brain and Other CNS Tumors in AYA Ages

15-39 Years®, by Central Cancer Registry

e The median age for embryonal tumors was 25 years.

e The median ages at diagnosis for malignant and
non-malignant tumors were 29 and 31 years,
respectively.

e The median ages for glioblastomas and other gliomas
were 32 and 26 years, respectively.

Incidence Rates by Age at Diagnosis and Histopathology
AASIR by age at diagnosis and histopathology in AYA are
shown in Table 3.

e For both malignant and non-malignant tumors, the in-
cidence rate was highest for young adults ages 35-39
years (4.23 and 13.82 per 100,000, respectively). When
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- . Estimated Age=Specific
" Incidence per 100,000
Population (2020)

. . Estimated Age=Specific )
* Mortality per100,000
Population (2020)

a Rates are per 100,000 population.

b For incidence data, age at diagnosis; for mortality data, age at death.
Data Source: CBTRUS Adolescent and Young Adult Report: International Agency for Research on Cancer’s

GLOBOCAN, 2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the

United States.

Fig.3 2020 Country- and Age-Specific (A) Incidence and (B) Mortality? due to Malignant Primary Brain and Other CNS Tumors in AYA Ages 15-39

Years?

compared by age group at diagnosis, as age decreased,
incidence also decreased.

¢ Incidence rates of most histopathologies increased with
age, with the exception of other astrocytic tumors, other
gliomas, neuronal and mixed neuronal-glial tumors,
embryonal tumors, and germ cell tumors.

e Glioblastoma became more frequent as age increased,
with an incidence rate of 1.10 per 100,000 population in
young adults ages 35-39 years.

e Other gliomas (including glioma malignant, not otherwise
specified and other neuroepithelial tumors) were most fre-
quent in adolescents ages 15-19 years (0.48 per 100,000).

e The incidence of medulloblastoma decreased with
increasing age. The incidence rate in adolescents ages
15-19 years was 0.15 per 100,000 population.

Age-Specific Incidence Rates by Site Within Diagnosis
Group

Incidence rates in AYA for each tumor site by age group at
diagnosis are shown in Table 4.

¢ In adolescents ages 15-19 years, the site with the highest
incidence was the pituitary gland (2.68 per 100,000), fol-
lowed by the temporal lobe (0.55 per 100,000).

® |nyoung adults ages 20-24 and 25-29 years, the site with
highest incidence was the pituitary gland (3.52 and 4.44
per 100,000, respectively), followed by the frontal lobe
(0.73 and 1.10 per 100,000, respectively).

e |n young adults ages 30-34 and 35-39 years, the sites
with highest incidence were the pituitary gland (5.35
and 5.96 per 100,000, respectively) and the cerebral
meninges (2.13 and 3.92 per 100,000, respectively).

Sex- and Race/Ethnicity-Specific Incidence Rates,
2016-2020

Distribution and Incidence by Sex, Behavior, and
Histopathology

Incidence rates, total cases, and annual average case
counts in AYA by sex and histopathology are shown in
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Cerebellum
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Other sites 38.0%

6.1%

Cranial nerves
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a Percentages may not sum to 100% due to rounding.
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Embryonal tumors
1.1%
Hemangioma
1.9%
Oligodendroglioma

2.3%
Pilocytic
astrocytoma
2.3%
Mesenchymal tumors
2.4%
Ependymal tumors
2.9%
Glioma malignant,
NOS
3%
Anaplastic

Craniopharyngioma
1.1%

Tumors of the
pituitary
36.5%
neuronal-glial
tumors

3.4%
Diffuse astrocytoma
4.1%

All other

Nerve sheath tumors
8.5%

Meningiomas
16%

9
Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.
Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and
Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results

Program; USCS, United States Cancer Statistics.

Fig. 4 2016-2020 Distribution? of All Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years (5-Year Total=64,238; Annual Average Case

Count=12,848), by (A) Tumor Site and (B) Histopathology

Neuronal and mixed

neuronal-glial tumol
1.0%

Unique astrocytoma variants,
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2%
All other malignant
2.8%
Anaplastic oligodendroglioma
3.0%
Lymphoma
3.0%
Germ cell tumors
3.4%
Embryonal tumors
4.2%

Mesenchymal tumors

1.0%
Glioblastoma
17.9%

Ependymal tumors

5.6%
N Diffuse astrocytoma

16.3%

Oligodendroglioma
8.1%

Pilocytic astrocytoma

8.5% Anaplastic astrocytoma

1.7%
Glioma malignant, NOS
11.0%

a Percentages may not sum to 100% due to rounding.

B

Craniopharyngioma

1.4%
Ependymal tumors.
1.9%
Neoplasm, unspecified

2.4%
Hemangioma
25% All other non-malignant
Mesenchymal tumors 1.4%

3.0%
Neuronal and mixed
neuronal-glial tumors

42%

Nerve sheath tumors
11.5%

Tumors of the pituitary
0.1%

Meningiomas'
21.7%

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States;
CDC, Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National
Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig. 5 2016-2020 Distribution? of (A) Malignant and (B) Non-Malignant Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years (5-Year

Total=64,238; Annual Average Case Count=12,848), by Histopathology

Table 2 and Figure 7 and are further stratified by age group
at diagnosis in Supplementary Table 5.

e Overall, among all primary BT diagnosed in AYA, 39.5%
occurred in males (25,381 tumors) and 60.5% occurred in
females (38,857 tumors).

e Among primary malignant BT diagnosed in AYA, 57.7%
occurred in males (9,978 tumors) and 42.3% occurred in
females (15,403 tumors).

e Incidence rates for all primary BT combined were higher
among females (14.67 per 100,000) than males (9.38 per
100,000).
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a Rates are per 100,000 population.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States;
CDC, Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program
of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig. 6 2016-2020 Age-Specific Incidence Rates? with 95% Cls for All (A) Malignant and (B) Non-Malignant Primary Brain and Other CNS Tumor

Histopathologies in AYA Ages 15-39 Years, by Sex

¢ |Incidence was significantly higher in females than males

for the following histopathologies: tumors of the pineal
region (35% higher), nerve sheath tumors (11% higher),
meningioma (167% higher), tumors of the pituitary
(188% higher), and hemangioma (17% higher).
Incidence was significantly higher in males than fe-
males for the following histopathologies: all glioma
histopathologies, embryonal tumors (56% higher),
lymphomas and hemopoietic neoplasms (45% higher),
and germ cell tumors (450% higher).

Glioblastoma (0.71 vs 0.46 per 100,000), anaplastic
oligodendroglioma (0.11 vs 0.08 per 100,000), and
medulloblastoma (0.14 vs 0.08 per 100,000) were more
frequent among males than females, respectively.

Incidence Rates by Race/Ethnicity, Behavior, and
Histopathology

Overall incidence of primary BT by race/ethnicity and be-
havior in AYA are shown in Table 1. Incidence rates, total
cases, and annual average case counts by race/ethnicity
and histopathology are shown in Table 5 and Figure 8
and are further stratified by age group at diagnosis in
SupplementaryTable 7.

e |ncidence rates for all primary BT combined and non-
malignant tumors only were highest for non-Hispanic
American Indian/Alaska Native individuals compared
with non-Hispanic White individuals, non-Hispanic
Black individuals, non-Hispanic Asian or Pacific

20z AeN 80 uo 1sanb Aq #11599//L1I/e uswa|ddng/9z/al01ue/AB0j0ouo-01nau/wod dno-olwapede//:sdijy woly papeojumoq


http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noae047#supplementary-data

Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

uoibai jeaurd
(90°0-€0°0) ¥0°0 6 14 (90°0-€0°0) 0°0 6 14 (80°0-50°0) 90°0 14" 89 (90°0-€0°0) 50°0 oL 6v (£070-70°0) 90°0 cL 19 Y3 jo siownp
siowny
(50°0-€0°0) ¥0°0 8 Ly (50°0-€0°0) 0°0 8 fa4 (50°0-€0°0) 70°0 8 f44 (50°0-€0°0) ¥0°0 8 6€ (90°0-€0°0) 70°0 6 144 snxa|d ploioyd
siowny |el|b
-leuoinau paxiw
(Le"0-52°0) 82°0 09 662 (9£0-62°0)2E0 2L 8S¢ (S9€°0-62°0) 2€0 vL 69  (S¥°0-8€0) L0 06 8vy (LL£0-19°0)99°0 8€L 269 pue jeuoinanN
siowny |eljayl
— — — — — — — — — — — — — — — -1deounau JayiQ

-
By
[=}
Q,
5]

~

Price et al.. CBTRUS Statistica

SON ‘Iueu

= = = = = = = = = = = = = = — -Bijew ewoln
(9€'0-62°0) 2€'0 69 tvve (01'0-2£°0) 9€°0 6L L6t (9£70-62°0) ZE0 SL €LE  (££°0-92°0) 0€°0 v9 12e (zs0-vv0) 8v'0 ooL L0S sewol|6 19410
siow

(es0-v1°0) 81°0 0L 905 (9¥°0-8€0) z¥'0 26 09y (S€°0-62°0) 2E0 L 0Le (8Z'0-220)SzZ0 GG G/Z (820-2Z°0)SZ0 [4:] 8G¢ -m jewApuady
SjuBLIBA

ewojAoouise

(90°0-€0°0) 50°0 oL 8P (£00-¥0°0) 90°0 ZL 19 (£0°0-¥0°0) G50°0 €l €9 (0L'0-£0°0) 80°0 8L 16 (€1°0-60°0) LL'O €¢ Ll anbiun
ewolAoolise

(9L'0-LL'0) €L°0 6C Evl (6L°0-GL°0) LL'O 8¢ 88L (g€z°0-8L°0) LC°0 (514 eve  (LE0-¥Z0) LZ0 6G €6C¢ (99°0-95°0) 09°0 9clL 0€9 213A00]1d
siowin}

(Lz'0-sL°0)8L°0 8¢ L6L  (S52°0-02°0) 220 0S 6vz (62°0-€2°0)92°0 19 90€  (0t'0-2€°0) 9€0 LL ¥8E€  (9£0-99°0) LL O 6vL vbL onAsonse 1dylQ
siowny

(€0°0-10°0) 200 ] €¢ (€0°0-1L0°0) 200 14 ¢ - - - - - - - — — 9onAoosseobi| o
ewol|b

-oJpuapobijo

(L2'0-G1'0) 8L°0 8¢ 06l (6L°0-¥L°0) £LL°0 LE V8L - - - - - - - - - onse|deuy
ewol|b

(6%°0-L¥°0) G¥'0 96 28y  (2¢i'0-G€°0)8E0 ¥8 lzv  (82°0-¢20)¥C0 9% 6LC (9L°0-LL°0) €L°O 6Cc GvlL (6070-50°0) £0°0 14 LL -01puspobiio
(9L°L-€0°L) OL'L Z€c 79l'L (18°0-04°0)GL°0 9L €€8  (LG0-€¥'0) LV'O 60L L¥S  (PE0-LZ°0)0E0 99 Lee  (pe0-8L°0) LC0 a4 9l ewoise|qol|D
ewolAdolise

(96°0-L¥°0) LG'0 60L LvS  (650-0S°0) ¥S0 0cL 109 (LS0-€¥°0) LV'O LOL S€S  (¥2'0-6L°0) L0 Ly G€¢ (21L'0-80°0)OL'0 1z o)) onse|deuy
ewojAoollse

(69°0-65°0) ¥9°0 9€L 6,9  (69°0-09°0)S9°0 €yl €LL  (85°0-61'0) €S0 L ClL9  (6€°0-2€0)9€0 8/ 88¢ (LZ0-lC0)€TO 514 144 asnyiq

siowny |ejjboip
-uapobijo pue
(00°€-08°2) 06'C L19 €80°¢ (L9'C-2v'e)Lse GGG €LL°CT (88'L-EL'L) LS'L SLy  9/0'c (L1L°L-66°0) SO'L 0€Z 0SL°L (£9°0-85°0) 290 0€L LG9 9nAsonse asnyiqg

abesany sase)d abelany sase) abelany sase) abesany sase) ,9beiany sase)
(1D %S6) @18y |enuuy  [e10l  (]D %S6) @1eY |enuuy  [Bl0] (D %G6) 81y  |enuuy (1D %S6) @18y |enuuy |elol (D %G6) ®ley |enuuy  |ejoL

sieaA gE-G¢ sieaA ye-0¢ sieaA gz-Gg sieaA yz-0¢ sieaAgL-GL  ABojoyledoisiH

ABojoyiedoisiy pue
sisoubei( 1e dnoug aby Aq ‘siesp gg—G| S8BY WAV Ul siown| SNJ J8ylQ pue uleig Alewiid 1oy ;s8ley aauaplou| 91y198ds-aby abelsay |enuuy pue ‘,sjunog aseg abelany [enuuy ‘saseq [e10] 0Z0¢—910Z € 8lqeL



Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

(L€'0-G2°0) 820 69 G6¢ (82°0-¢20)¥C0 1] 0L¢  (2¢20-£1L°0) 020 14 Lze  (LZ°0-9L°0)8L°0 oy 86l (€2°0-£170) 02°0 Ly 90¢ ewolBuewaH
siown}
(¥£'0-¥9°0) 89°0 14 LeL  (¥9°0-95°0) 650 LEL G99  (05°0-21°0) 91°0 LoL ves  (€V°0-G£'0) 6£°0 ¥8 L2y (0S5°0-Lv°0) S¥'0 66 GLV pauissepun
ewolbu

(9L'0-ZL'0) ¥L°0 0€ 8yl (GL'0-0L°0) L0 8¢ 8€EL (€1L70-60°0) LL'O 9¢ 6CL (€1L°0-60°0) LL'O v¢ 6Ll (91L°0-ZL'0) vL°0 6C 9Vl -Aseydoluei)
Aseynnud

(66°G-0L'9) ¥8°G e€ve'lL  L12'9 (6€'9-21'G) GT'S 09L'L 108G (Lv'P-€CV)SEY  900°L 0£0'S (VS'E€-CE€E)EV'E LGL £SL'€ (0L2-087C) 09'C €vS LLL'T  @yljosiown]
uoibaa
(€L'9-€8'S) 86'S €L2'L  99¢'9 (LG'9v2'S)8€'S 88L°L 6£6°'G (6GV-VEV)IVY  2E€0'L 6SL'S (S9°€-EV'E) bSE SLL 9/8'E (V8'ev9e)vLe €LS €98°C Je||8s jo siownp
(#0°0-20°0) 200 ] 92 (50°0-€0°0) ¥0°0 6 14 (oL'0-£0'0)800 02T 66 (8L'0-€L°0) SL'O €€ G691  (L€0-92°0)82°0 8G ¢6C siowni |30 widn

swse|d
-08u 213810do}
— — — — — — — — — — — — — — — -eway Jay10

_ _ — — — — — — — — — — — — — ewoydwA]

swse|d

-0o9u analodoway

(0z'0-51°0) LL'0O 9¢ L8L (SL°0-LL°0) €L°0 6¢C Syl (0L°0-£0°0)800 6L G6 (80°0-50°0) 90°0 €L 99 (50°0-€0°0) ¥0°0 8 6€ pue sewoydwAq
suolIs9|
o13Ao0uejoW
— — — — — — — — — - - - — - — Aewiid

siown)
— — — — — — = = = - - — — — —  [ewAyouass|y

(P8'V-89°P) LLY 766 896V (99¢-LV'C)9G°C 799 818'C (LZ'L-pLL)0T'L SLC 9/€'L (2L0-29°0) L9°0 8yl OvL  (8€0-1€0) GE0 ¢L  C9¢€ sewolBulusy
sebuiu

(Lz's-€6'v) LO'S LLO'L €SE'G (20°€-L8°2) L6'C cv9 802t (LS'L-EV'L) 0S'L Sve GeL'L (16°0-€8°0) 88°0 v6L  2L6  (L9°0-250) 950 LLL  [8S -9wl jo siownj
saAJau |eulds

pue |ejuesd jo

- — — — — — — — — — - = — — —  siowniJiaylQ

slown}
— — — — — — — — — — - - — — —  yieays anlapN

sanJau |euids pue

(88'L-2L°L) 08°'L [4:14 LL6‘L  (o'L-92°L) €€°L v6c 69%°L (L6'0-08'0)S8'0  S6L G/6 (29°0-€5°0) LS50 GZL 29  (6v'0-L¥'0) S¥0 €6 997  [elueld jo siown]
ewoy
(80°0-50°0) £0°0 4 cL (z1°0-80°0) OL°0 [44 oLL (rL'0-0L0)ZL'0 e vEL  (91°0-2L0)¥LO 6C (vl  (8L°0-€L°0) GL°O ce 19l -Se|qoj|npa\
silow
(0L70-£0°0) 80°0 8L 68 (vL'0-0L°0) LL'O S¢ Lzl (SL'0-LL'o)EL'0 0 0S5L  (8L'0-¥L'0)9L0 ve 0Ll (1Z2'0-9L°0)8L°0 8¢ 06l -n} jeuohiquuz

abelany sase)d abeiany sase) abeiany sase) abelany sase) ,9belany sase)
0 %G6) 8ley  |enuuy 101 (1D %G6)@ley |enuuy |el0] (D %G6) @y |enuuy  |elol  (]D %G6) ey |enuuy |elol  (]D %G6)8ley  [enuuy  [e10]

sieaA gE-GE sieaA ye-0¢ sieaA gz-G¢ sieaA yz-0¢ sieaA gL-GL  ABojoyledoisiH

panunuog ¢ ajqe]

-
-
[=}
(o}
[}

2

)
[}
(&

-t

-
n

=1

i)
@

)

n

n

)

[a

[

/m

O

S
+=
&)
(O]
O

o

[aW




-
By
[=}
Q,
<]

~

s
(&)

=1

i)
n

(="

i)
3

)

n

n

)

[a

[

/m

(&)

G
=
]
]
O

=

(el

Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

'Sonsnels

Jaoue) sajelg pauun ‘S9SN ‘weiboid synsay puj pue ‘Abojoiwapid] ‘aoue|iaaing ‘Y33s ‘saiisibay Jaaue) jo weiboid [euoneN ‘YIdN ‘panioads asimiaylo jou ‘SON ‘@Inuisu| J8duey [euocien ‘[N ‘waisAs
SNOAJBU [BJIUBD ‘SN ‘UOIIUBABIJ PUE [043U07 BSEASI( 40} SI18JUdY ‘92 ‘S1eIS panun ayl jo Aisibay Jown] uielg |enus) ‘SNYLG9 ‘sieah ge—G| sabe synpe BunoA pue sjuaassjope YAy :SUOIIRIABIG]Y
'0202-910Z ‘433S S.ION Pue Y3dN 5,909 - SISN :Hoday 3ynpy Bunoj pue 1uadsajopy SNYLEJ :994n0S eleq

"JUN0J |10} BY} Ul papn|aul aJe sased passaliddng °j8a e Buisn paje|najea-yaeq aq ued Sasea g| UeY) SSa| U0 paseq anjea

B UBYM J0 SBSEI g| UBY] JaMa} dJe (0Z0Z—810Z) Sase) |e10] uaym papiroid ag Jouued sajel pajeldosse pue sunog ‘Alobaied oiyoads ayy 4oy papiodal a1am Sased 9| uey) Jamaj uaym pajuasaid jou ale ejeq —
‘Buipunou 01 anp |e101 01 wns jJou Aew sabesane dnoibgng,

‘uone|ndod ‘0L Jad ale sajey,

‘G Ag |10} JBBA-G By} Bulpinip Aq paje|najed aJe sjunod asea abelane |enuuy,

(0L (98'0L
-09'€L) Z8’€EL €€6'C G99'VL -8¥°0L) L9'0L VvSE'C LLL'LL  (S8L-€SL)69L  SLL'L  LL8'8 (S0°9-9L°S) 06°G L6Z'L 9S¥'9 (60°G-28V) S6'Y L£0'L ¥8L'G  3jueubiew-uopn
(sEv-0L'Y) €TV 668 96V’ (98'€-€9°€) GL'E 828 v’y (0L°€-06'2) 00'E €69 vov's (6€2-122) 0gC 10S P0S'c (99°2-91¢2) 952 9€9 6L9°C ueubije
(ogsL (rovL (88'0L
-6L'LL) SO'SL z€8’e L9L'6L -6LYL) LY'PL €8L°E €16°GL -05°0L) 69°0L 891‘'z Lve'cL (L£8-€0'8) 02’8 26L°'L 096’8 (891-bEL) LSL €LS'L €98 lelol
(€0°0-10°0) 200 g €¢ (€0°0-z0°0) 200 S 9¢ (r0'0-20°0) €00 9 0€ (€0°0-10°0) 200 14 (4 (#0°0-20°0) €0°0 9 ce 18410 ||V
payoadsun
(ev'0-G€°0) 6E'0 Z8 607  (9€°0-62°0) €0 cL 65  (Lz0-lT0)PC0  SS LLZz  (1LZ°0-9L°0)6L°0 ot 20z (9z°0-0z°0)€T0 Ly LET ‘wse|doaN

abeiany sese)d obeiany sese) obetany sase) obeiany sese) ,9beIoAy sose)
%G6) @ley  |enuuy  |el0] (1D %G6) @leY  |enuuy B30l (1D %G6) @leY |enuuy  |elol (1D %S6) ®leY |enuuy  |elol (D %S6) 8ley  |[enuuy  [el0]

sieaA gE-GE sieaA y£—0E sieaA gz-Gg sieaA $2-0zZ sieaAgl-GL  ABojoyiedoisiH

panunuog g ajqey



Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

(96°0-v8°0) (z8°0-2L°0) (99°0-£5°0) (L5°0-E1°0) (€9°0-¥5°0) (6°'L£D-8'LLD)

06°0 6L 856 LL0 oLL 8v8 190 vl 60L Lv'0 g0l ¥LG 86°0 zzL 0L uteiq 13y10
(z€°0-92°0) (0£°0-v2°0) (82°0-22°0) (LZ'0-12°0) (0v'0-2€°0)

62°0 19 90€ L2°0 09 00 52°0 LS 982 ZA) LS 95z 9£°0 Gt /g (£°L£0) wass ureag
(Gv°0-LE"0) (9v°0-6€°0) (vv"0-LE0) (E7°0-9€°0) (95°0-L¥°0)

) 98 LEY Zv'o 6 697 0’0 6 oLy 60 58 oz 250 80L LY (9°1L.£0) winjaqaIa)
(02°0-51°0) (¢z0-L1°0) (v2'0-61°0) (¥2'0-81°0) (0£°0-¥2°0)

LL°0 L£ 8l 6L°0 4% e 120 05 052 120 o 622 LZ°0 95 082 (5°LLD) 1PN
(60°0-90°0) (60°0-60°0) (£0°0-¥0°0) (£0°0-70°0) (0L°0-£0°0) (7'LLD)

L0°0 5L 9L L0°0 Gl 9L 90°0 €l 59 50°0 zL 85 80°0 8L 88 aqo| [end1000
(9v°0-8£°0) (8€°0-L€0) (1€°0-52°0) (zz'0-91°0) (zz'0-91°0) (€1L2)

Zv'o 88 8ev ve0 9L 6LE 820 9 zze 6L0 Ly 502 6L0 6g 961 aqo [e101ied
(z80-L£0) (L£°0-L9°0) (85°0-67°0) (67°0-L°0) (09°0-1G°0) (2'1LD)

9.'0 Z9L L8 99°0 opL 62L £6°0 gzl 919 S°0 66 £6v 56°0 Ll 6LS aqo| [esodwa)
(LL-2s1) (65°L-vi'L) (9L'L-0L) (8£°0-89°0) (£5°0-8%°0) (1'LLD)

vo'L 05€ Z8L'L rAsy) aee GL9'L oLl €62 5921 €L°0 66l  €6L z6°0 60L LvS aqo| |e1u0.4

(7'LLD-L'LLD) uteaq
ayy jo saqoj [endid

(00°€-6L°2) (69°¢-6172) (50°2-68°L) (6¥°L-G€'L) (ev'L-82'L) -20 pue ‘|ejaued
68C GlL9 LLO'E 69°C CLS 698'C L6l 14514 89¢'c vl oLe 675°L ge’l 8¢ oLy'L ‘lesodway ‘|euoly
(82°0-zZ°0) (62°0-€2°0) (€2°0-L1°0) (120-91°0) (ze'0-92°0)

Gc'o €9 79¢ 92’0 LS G8¢ 0c0 214 8¢¢ 8L°0 6€ a6l 6¢°0 09 (40 (0°L£D) wnigaia)
(G2°0-¥9°0) (ov°0-€€°0) (6L°0-7L°0) (LL°0-£0°0) (90°0-€0°0) (60£2)
69°0 Lyl €EL LEO 08 (1074 9L’o LE 98L 600 6L L6 0°0 6 Ly SON ‘sabuius|y|
(6L°0-7L°0) (rL'0-0L°0) (60°0-G0°0) (90°0-€0°0) (G0°0-20°0) (10L2)
LL°0 15 9Ll cLo 9¢ 6CL £0°0 9l 6L 00 6 617 €00 L 9€ sebuluaw |euids
(r0"7-08°€) (zzz-v02) (90°L-¥6°0) (29°0-€5°0) (€€70-92°0) (0°0£0)
6€ 928 CeEL'Y EIL'% 697 EVE'C 00'L 0€eC 8Ll LGS0 9CL 2€9 0€'0 29 oLe sabujusw [eigaia)

(6°0£0-0'0L9)

(L6'7-¥9Y) (LL'z-2972) (0€'L-L171) (6£'0-99°0) (Ly'0-vE0) (leurds pue |eiqaiad)

LLY 800°L L¥0'S L9°¢ S/S €18'C oAl €8¢ eyl 0,0 qgL SLL 8€°0 6L €6€ sabuluajy

2(0°0€2)

(£0°0-¥0°0) (€0°0-1L0°0) (¢070-10°0) AJnes [eseu ay)

S0°0 LL o1 ¢0'0 14 6L L0°0 € Ll — — = = = —  jo siown) Al03oej|0

(1D %G6) obeiany  sase) (1D %G6) obeisany  sase) (1D %G6) obelany  sase) (1D %G6) obeirany sase) (1D %S6) pobelany sese)
lenuuy |exo| lenuuy |exo| lenuuy |elo| lenuuy  [e10] jenuuy

sieaA ge-G¢ sieaA y£—0¢ sieaA gZz-Gz siedA yz-0z sieaA gL-GL 911 Jown|

,91S Jown)
pue sisoubeiq e aBy Aq ‘sieap pe—G| Saby YAV Ul siown] SNJ JayiQ pue ulelg Alewlid Joj (saley aouaplou o1y19adg-aby abelany [enuuy pue ‘esiunog ase) abeiany [enuuy ‘saseq [e10] 0z0z-910Z ‘b 219eL

-
-
[=}
(o}
[}

2

)
[}
(&

-t

-
n

=1

i)
@

)

n

n

)

[a

[

/m

O

S

+=
&)
(O]
O

o

[aW




-
By
[=}
Q,
<]

~

—
1]
(&)

=1

-
n

=

i)
3

)

n

n

)

[a

[

/m

(&)

3

=
]
]
O

=

(el

(1L'9-18°G)
96'G
(02°9-06°9)
509

(0L°0-£0°0)
80°0

(8€°0-L€°0)
¥€'0

(L0°L-68°0)
§6°0

(ov'L-92'L)
€e’L
(¥0°0-20°0)
€00
(z8°0-LL°0)
9.0
(¥8°0-L°0)
6L°0
(¥9°0-75°0)
650
(¥€°0-82°0)
LE0

(1D %S6)

69¢'L

88¢’lL

8l

cL

¢0¢

[4:14

9L

891

9ClL

99

abeiany
lenuuy

Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

Ppe’9

8er'9

88

¢9€

zLo'L

oLy'L

0e

608

6€8

8¢9

0€ee
sase)

|exoL

sieaA ge-g¢

(6¥°G-22°9)
ge'g
(89°5-0£°9)
A

(80°0-50°0)
L0°0

(¢0°0-10°0)
200

(0L°0-£0°0)
80°0

(62°0-€2°0)
920

(5£'0-99°0)
69°0

(50°L-€6°0)
660
(€0°0-10°0)
200
(€£°0-%9°0)
89°0
(G£°0-99°0)
0,0
(L5°0-€t°0)
L0
(r€'0-L2°0)
0€0

(12 %56)

€8L'L

Loz'L

Sl

8l

LS

€61

8lL¢

LGl

Ei])

€ol

L9

abeiany
lenuuy

€L6's

9009

VL

Ll

8¢

S9L

680°L

0¢

174

SLL

Glg

€Ee
sase)

sieaA y£—0¢

(LSv-2ev)
A%
(€9'v-8€)
LGy

(£070-70°0)
900

(Lz'0-9L°0)
8L'0

(Gt°0-8€°0)
Lv'0

(£9°0-85°0)
€9°0

(¥S0-9%°0)
050
(G°0-L€°0)
L0
(€z°0-8L°0)
Lz'0

(1D %S6)

L20'L

zro'lL

€l

(474

v6

erl

GLL

G6

Ly

abeiany
lenuuy

(€9°e-LY'E)
GEL'S 4%
(0L°€-L1'E)
802'S 8g'¢
(90°0-€0°0)
69 ¥0°0
(GL°0-LL°0)
60C €Lo
(8¢°0-22'0)
Ly G20
(9t°0-8€°0)
LLL o
(€¥°0-G€°0)
GG 6€°0
(5€°0-82°0)
VA LE0
(8L°0-€L°0)
9eT 9L'o

sase)
|e101

(1D %56)

sieaA gz-Gz

0LL

8L

oL

6¢

12°]

c6

S8

69

Ve

abeiany
lenuuy

(8L72-89°2)
088’ 89'C
(£8°2L9°2)
226’ LL'T
(90°0-€0°0)
6V ¥0°0
(z1'0-80°0)
L oL'0
(8L°0-€L°0)
k4 GL'0
(£€°0-0£°0)
4214 €€'0
(z¥°0-9€°0)
vy 8€'0
(G°0-££°0)
4% L0
(0Z°0-GL°0)
oLL LLO

sose)
|e10L

(1D %56)

sieaA -0z

099

089

(14

4

0L

98

9€
pabelany

L08°C

668'C

o

€ol

09l

LGE

€0y

8¢y

8l
sase)

sieaA gL-GL

(L'520)
pue|B Ateunig

(2°S£D -1°SLD)
Aseyinug

(6'2£2)

SON
‘walsAs snoasaN

(8'2L2)

SNO

1@ Uleid JO UoIs9|
BuiddejsanQ

(6'2£0-8'2LD)
walsAs
SNOAJIBU 19410

(52L2)

SON
‘aAJBU |BlURID

(r'2Ld)
9AJBU 211SNOJY

(€2L2)
aAlau ondQ

(zzL2)
aAJau Aioloey |0

(§2L9-2°2LD)
S9AIBU |eluel)

(LzLo)
euinba epne)

(0'2L2)
p109 |euldg

(L'2£2-0'2L)
euinba epnes
pue p109 jeuidg

(6'LLD)
SON ‘utesg

(8'LLD) uteaq jo
uois9|
BuiddejtanQ

alg Jown]

panunuog 'y ajqeL



-
-
[=}
(o}
[}

2

)
[}
(&

-t

-
n

=1

i)
@

)

n

n

)

[a

[

/m

O

S
+=
&)
(O]
O

o

[aW

0€'8L-6LLL)
50°8L
(80°0-50°0)
£0°0
(LL°0-£0°0)
60°0

(12 %56)

Downloaded from https://academic.oup.com/neuro-oncology/article/26/Supplement_3/iii1/7665414 by guest on 08 May 2024

2€8'€  L9L'6L
i1 0L
6L 6

abeiany
lenuuy

sase)
|1e10L

sieaA ge-G¢

(P9°vL
-6L¥L)
Lyl
(0L°0-90°0)
80°0
(0L°0-£0°0)
80°0

(12 %S6)

"SOMISIIBIS J9aURY SBIRIS PaMu( ‘SIS ‘welboid synsay pu3 pue ‘ABojoiwapid] ‘aouefiaAing

4338 ‘sansifay Jaoue] jo welboid [euonen ‘44N ‘paiioads asimiaylo Jou ‘SON ‘@mnIsu| Jaauey [euoneN ‘|N womp3 paiy ‘ABojoauq 1oy Saseasiq J0 uoRILISSe|]) [euoneuIdL| ‘'g-0-qD| ‘WaisAs
SNOAIBU [BAUBD ‘GNJ ‘UONUBABIJ PUB [041U07) BSBASI(] 10} SIB1UAY ‘9] ‘S81eIS panup ayl jo AnsiBay Jown) uielg [enuad ‘SNyLg) ‘sieah gg—G| sabe synpe BunoA pue syuaasajope ‘YAY :SUOHIRIARIGQY
'0202-910Z ‘433S S.I9N Pue Y3dN 5,209 - SISN :Hoday Jnpy Bunoj pue Juadsajopy SNHLEJ :994n0S eleq
’JUN03 [B10} BY} Ul papn|aul aJe sased passaiddng '||ad e Buisn paje|nojea-yaeq ag ued Sased g| UeY} SSa| Uo
paseq anjeA e UBYM 0 SBSBI g| UBY) JaMa} 8.1e SaSe] [e10] uaym papiaoid ag 10uued sajel paleloosse pue syuno? *AioBa1ed ai19ads ay 1oy papiodal a1am sasea 9| UBYL 19May Uaym pajuasald Jou ale eleq —

Ajuo £z56-2G6 S9pod ABojoyredolsiy €-0-AJ]
“Buipunou 03 anp |10} 03 wns jou Aew sabelane dnoibgng ,

181] uonepijeA ABojolsiy/aus Y33 S aY2 Ul paulap sapod als pue sallobaled ayl uo paseq Ajasoo| ale a|gel SIy} Ul 01 paliajal Sas Jowny ay] ,

(88°0L-05°0L)

€8L’e  €L6'GlL 69°0L
(rL°0-0L°0)
8l 88 zLo
(80°0-50°0)
6l €6 900

abeiany
lenuuy

sese) (12 %S6)

|1e1oL
sieaA y£—0¢

89b'c LveE'CL
Lc GEL
Gl €L

abesany
lenuuy

sase)
|1e10L

sieaA gz-G2

(L€'8-€0°8)
0z'8
(9L'0-zL'0)
P10
(80°0-50°0)
£0°0

(12 %56)

‘uone|ndod ppo’poL J8d aJe sajey 4
‘G Ag |e101 Je8A-G By} Bulpinlp Aq pale|najed aie sased abelane |enuuy

(89L-v€L)
Z6L'L  096'8 LGL €L9°L €98L |eol
(92°0-02°0) (e'sL9)
0€ 0GlL €20 8y (24 leauid
(LL°0-80°0) (2'5£0) ¥np
Pl L 60°0 (014 86 |eabuhseydoiues)

abesany
lenuuy

pabelany
|lenuuy

(12 %6) Sase)

|elol

sase)
|1e1oL

sieaA gL-GL

siedA yz-0z 91g Jown|

panupuog 'y ajqe]



Price et al.: CBTRUS Statistical Report
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a Rates are per 100, 000 population.
* Significant at P<0.0

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.
Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and Prevention;
CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United

States Cancer Statistics.

Fig. 7 2016-2020 Age-Specific Incidence Rates? and Incidence Rate Ratios with 95% Cls for Selected Primary Brain and Other CNS Tumor

Histopathologies in AYA Ages 15-39 Years, by Sex

Islander individuals, and Hispanic individuals of all
races.

¢ |ncidence rates for primary malignant BT were highest in
non-Hispanic White individuals.

® |In Hispanic individuals, incidence rates were 0.44 per
100,000 for glioblastoma, 1.61 per 100,000 for menin-
gioma, and 4.69 per 100,000 for tumors of the sellar region.

In comparison with their non-Hispanic White counterparts:

e Non-Hispanic Black individuals had significantly
higher incidence rates for meningiomas (12% higher),
lymphomas and hemopoietic neoplasms (195%
higher), tumors of the pituitary (32% higher), and
craniopharyngioma (46% higher);

e Non-Hispanic Asian or Pacific Islander individuals had
significantly higher incidence rates for lymphomas and

hemopoietic neoplasms (59% higher) and germ cell tu-
mors (58% higher);

¢ Non-Hispanic American Indian/Alaska Native individuals
had significantly higher incidence rates for tumors of the
pituitary (36% higher) (Data not shown); and

e Non-Hispanic American Indian/Alaska Native individ-
uals had significantly higher incidence rates for embry-
onal tumors (19% higher), tumors of the pituitary (15%
higher), and craniopharyngioma (23% higher) (Data not
shown).

Incidence Rates by Urbanicity and Histopathology

In recent years, urbanicity has become a suspected pre-
dictor of BT incidence and outcomes due to the dif-
ference in demographics between metropolitan and
non-metropolitan areas, including less access to care for
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Price et al.: CBTRUS Statistical Report
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Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC'’s NPCR and NCI's SEER, 2016-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC,
Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of

© Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig.8 2016-2020 Age-Specific Incidence Rates? and Incidence Rate Ratios with 95% Cls by Race/Ethnicity for Selected Primary Brain and Other

CNS Tumor Histopathologies in AYA Ages 15-39 Years

those in non-metropolitan areas.’” Overall incidence and
incidence rate ratios for primary BT in AYA are shown by

urbanicity and histopathology in Figure 9.

Among AYA ages 15-39 years, the incidence of diffuse
astrocytoma was significantly higher (32% higher) in
non-metropolitan dwellers than their metropolitan
counterparts.

Compared with metropolitan areas, non-metropolitan
areas had significantly lower incidence rates for other
gliomas (17% lower), glioma malignant, not otherwise
specified (16% lower), neuronal and mixed neuronal-
glial tumors (17% lower), nerve sheath tumors (18%
lower), meningiomas (7% lower), lymphomas and he-
mopoietic neoplasms (35% lower), tumors of the pitui-
tary (19% lower), and craniopharyngioma (34% lower).

Frequency and Incidence of Molecularly Defined

Primary Brain and Other CNS Tumors, 2018-2020

Total cases and AASIR for molecularly (histopathologic-
ally) defined primary BT diagnosed in AYA in 2018-2020,
along with median age at diagnosis and distribution by sex
and racial/ethnic group are shown in Table 6. Most of these

entities began being reported only in 2018, and as a result
some may have occurred too infrequently to report.

The most common cancer was molecularly defined
adult-type diffuse glioma (1.51 per 100,000). Molecularly
defined diffuse gliomas were less common in females
(40.9%) than males and more common in non-Hispanic
White individuals (73.4%), compared with all other ra-
cial/ethnic groups. The overall median age at diagnosis
for these tumors was 32 years.

The most common medulloblastoma subtype was SHH-
activated & TP53 wildtype, which had an incidence rate
of 0.04 per 100,000 population and a median age at diag-
nosis of 26 years. Non-WNT/non-SHH medulloblastoma
was the second most commonly occurring subtype, with
an incidence rate of 0.01 per 100,000 and a median age
at diagnosis of 19 years.

Diffuse midline glioma, H3 K27M-mutant had an inci-
dence rate of 0.05 per 100,000 population and a median
age at diagnosis of 25 years.

Papillary glioneuronal tumors were the only newer his-
topathology that was more common in females (52.1%)
than males. The PRKCA gene fusion was not included in
reporting during this period so it is not possible to state
definitively that this marker present.
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IRR=0.81 I 0.3 IRR=0.97 04 (0.97-1.33)
(0.77-0.84)" 0.2 o (0.80-1.16)
4 IRR=0.66 0.4 02 I
(0.49-0.87)" ) 05
0.1
0 Metro Non-metro 0o Metro Non-metro 00 Metro Non-metro 00 Metro Non-metro Non-metro
a Rates are per 100,000 population.
* Significant at P<0.05.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2016-2020.
Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and Prevention;
CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS,

United States Cancer Statistics.

Fig. 9 2016-2020 Age-Specific Incidence Rates? and Incidence Rate Ratios with 95% Cls by Urbanicity for Selected Primary Brain and Other

CNS Tumor Histopathologies in AYA Ages 15-39 Years

e When stratified by WHO grade, 78.1% of WHO grade 2/
Il astrocytoma were IDH1/2 mutant, while 76.3% of WHO
grade 3/lll and 23.7% of WHO grade 4/IV astrocytoma
were IDH1/2-mutant (Figure 10).

Changes in Incidence Over Time, 2004-2019

Time trends in cancer incidence are important measures of
the changing burden of cancer in a population over time.
Many factors can cause rates to fluctuate over time, and
all of these must be considered when interpreting time-
trends results. Delays in reporting can produce small fluc-
tuations in incidence, making it imperative that the most
recent data available are used when assessing trends in
incidence over time. Time-trends analysis methods can be
used to estimate if the APC is significantly different from
0% (meaning no change in incidence from year to year).

In addition to the statistical significance of changes in
incidence over time, the size of this change also must be
considered. With large datasets such as CBTRUS, very
small fluctuations in incidence over time could be statisti-
cally significant but may not represent a truly large change
in the proportion of individuals over time.

Incidence Time Trends for Primary Brain and Other
CNS Tumors by Histopathology

AASIR for all primary BT was highest in young adults ages
35-39 years for the entire trend period (Figure 11A). AASIR
and APC for selected histopathologies overall and by age
group at diagnosis are shown in Figure 11B. Complete APC
results are available in Supplementary Table 8.

e Among AYA ages 15-39 years, overall incidence of
primary BT increased significantly from 2004-2009
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Table 6. 2018-2020 Total Cases, Annual Average Age-Specific Incidence?, Median Age, and Percentages® by Sex and Race/Ethnicity for
Molecularly Defined Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years

TumorType ICD-0-3 Total Age-Specific Age Female Non- Non- Hispanic
Histopa- Cases Incidence Rate (Median, Inter- (%) Hispanic Hispanic (All
thology (2018- quartile Range) White Black Races)
Codes® 2020) (%) (%) (%)

Molecularly defined 4,883 1.51 (1.47-1.55) 32 (27-36) 40.9 734 6.7 13.4

diffuse glioma
IDH1/2 mutant - 9400/3, 2,196 0.67 (0.64-0.70) 31 (26-35) 40.4 76.5 5.7 12.7
astrocytoma? 9401/3,

9445/3
IDH1/2 wildtype - 9400/3, 1,682 0.53 (0.50-0.55) 32 (26-36) 40 69.6 8.6 14.7
astrocytoma and 9401/3,
glioblastoma® 9440/3
IDH1/2 mutant & 9450/3, 1,005 0.31(0.29-0.33) 33(28-36) 43.3 73.1 5.6 12.5
1p/19g-co-deleted 9451/3
oligodendroglioma’

Medulloblastoma 835 0.10 (0.09-0.11) 24 (20-31) 37 5515 10.1 29.0
SHH-activated & TP53 9471/3 116 0.04 (0.03-0.04) 26 (21-32) 38.8 54.3 - 31.0
wildtype?

SHH-activated & TP53 9476/3 — — 25 (19-35) = = = =

mutant

WNT-activated 9475/3 — - 21 (20-27) - — - -

Non-WNT/non-SHH 9477/3 34 0.01 (0.01-0.01) 19 (16-24) — 52.9 — —
Embryonal tumor with 9478/3 — — 27 (24-30) — — — —

multilayered rosettes,
C19MC-altered”

Ependymoma, RELA 9396/3 — — 18 (15-32) — — — -
fusion

Diffuse midline glioma,  9385/3 168 0.05 (0.04-0.06) 25 (19-32) 49.4 63.7 10.7 15.5
H3 K27M-mutant

Papillary tumor of pineal 9395/3 — — 30 (25-34) — — — —
region

Pilomyxoid astrocytoma 9425/3 — — 21 (17-32) — — — —
Angiocentric glioma 9431/1 — — 31 (28-36) — = = =
Papillary glioneuronal 9509/1 73 0.02 (0.02-0.03) 23 (19-31) 52.1 74.0 — —
tumor

Rates are per 100,000 population.

bPercentages may not add to 100% due to rounding.

Assigned using the ICD-0-3 histopathology codes and a behavior code of /1 or /3.

d41CD-0-3 histopathology code of 9400/3 or 9401/3 and a BMM value of 1 or 3, or ICD-0-3 histopathology code of 9445/3.

¢]CD-0-3 histopathology code of 9400/3, 9401/3, or 9440/3 and a BMM value of 2, 4, or 5.

fICD-0-3 histopathology code of 9450/3 or 9451/3 and a BMM of 6 or7.

9ICD-0-3 histopathology code of 9471/3 and a BMM value of 8.

"ICD-0-3 histopathology code of 9478/3 and a BMM value of 9.

— Data are not presented when fewer than 16 cases were reported for the specific category. Counts and associated rates cannot be provided when
Total Cases (2018-2020) are fewer than 16 cases or when a value based on less than 16 cases can be back-calculated using a cell. Suppressed
cases are included in the total count.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS - CDC’s NPCR and NCI's SEER, 2018-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; BMM, brain molecular marker variable; CBTRUS, Central Brain Tumor
Registry of the United States; CDC, Centers for Disease Control and Prevention; CNS, central nervous system; ICD-0-3, International Classification of
Diseases for Oncology, Third Edition; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology
and End Results Program; SHH, sonic hedgehog; WNT, wingless; USCS, United States Cancer Statistics.
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(APC=4.2%; 95% Cl: 2.6% to 5.8%) and from 2009-2017 ¢ Among young adults ages 20-24 years, overall incidence

(APC=1.1%; 95% Cl: 0.2% to 1.9%), followed by an insig- of primary BT increased significantly from 2004-2012

nificant decrease from 2017-2019. (APC=3.8%; 95% Cl: 2.6% to 5.0%) and remained rela-
* Among adolescents ages 15-19 years, overall incidence tively steady thereafter.

of primary BT increased significantly from 2004-2009 e Among young adults ages 25-29 years, overall incidence

(APC=4.0%; 95% Cl: 2.3% to 5.7%) and remained rela- of primary BT increased significantly from 2004-2008

tively steady thereafter. (APC=5.1%; 95% Cl: 2.0% to 8.2%).
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WHO Grade 11/2
7.5%

14.4%

76.39
78.1% %

WHO Grade lll/3
5.4%

WHO Grade IV/4
12.5%

23.7%

18.4%

63.8%

IDH mutation status
I:] Mutant . Wildtype D Unknown

a Molecular marker data collected via the NAACCR Site-Specific Data Item #3816: Brain Molecular Marker variable (see Supplementary Table 2 for

included sites and coding schemes).
b Includes ICD-O-3 codes 9400/3, 9401/3 9440/3, and 9445/3.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2018-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; ICD-O-3, International Classification of Diseases for Oncology, Third Edition; IDH,
Isocitrate dehydrogenase; WHO, World Health Organization; CBTRUS, Central Brain Tumor Registry of the United States; USCS, United States Cancer
Statistics; CDC, Centers for Disease Control and Prevention; NPCR, National Program of Cancer Registries; NCI, National Cancer Institute; SEER,

Surveillance, Epidemiology, and End Results Program.

Fig. 10 2018-2020 Frequency of /DH Mutations? in AYA Ages 15-39 Years, by WHO Grade for Selected Astrocytoma Histopathologies®

e Among young adults ages 30-34 years, overall inci-
dence of BT increased significantly from 2004-2006
(APC=75%; 95% Cl: 1.1% to 14.4%) and 2006-2016
(APC=1.7%; 95% Cl: 1.2% to 2.2%), followed by a sig-
nificant decrease from 2016-2019 (APC=-2.7%; 95% CI:
-5.2% to -0.1%).

e Among young adults ages 35-39 years, overall incidence
of primary BT increased significantly from 2004-2011
(APC=3.9%; 95% Cl: 2.6% to 5.2%) and remained rela-
tively steady thereafter.

e The incidence of tumors of the sellar region increased
significantly from 2004-2009 (APC=7.8%; 95% Cl: 5.9% to
9.8%) and 2009-2017 (APC=2.8%; 95% Cl: 1.9% to 3.8%)
for all AYA ages combined. This increase was greatest
in 2004-2007 for pituitary tumors in young adults ages
35-39 years (APC=14.5%; 95% Cl: 6.4% to 23.2%).

e The increases in incidence for tumors frequently diag-
nosed by imaging alone, such as pituitary tumors, are
partially attributable to improvements in the collection
of radiographically diagnosed cases and non-malignant
cases in general over time.

Incidence Time Trends for Primary Brain and Other
CNS Tumors and Common Cancers

Comparisons of AASIR trends and APC between all pri-
mary BT and other common AYA cancers are shown in
Figure 12.

e Overall, the incidence of malignant and non-malignant
primary BT increased significantly from 2004-2009
(APC=4.2%; 95% Cl: 2.6% to 5.8%) and from 2009-2017

(APC=1.1%; 95% Cl: 0.2% to 1.9%), followed by a period
of no significant change from 2017-2019 (APC=-3.2%;
95% Cl: =9.0% to 2.9%).

e In comparison, during the same time period, the inci-
dence of malignant melanoma and female uterine cervix
cancer decreased, and incidence of female breast cancer
increased.

Incidence Time Trends for Primary Brain and Other
CNS Tumors by Race/Ethnicity

AASIR for all malignant and non-malignant primary BT in
AYA by racial/ethnic groups are shown in Figure 13.

e Among non-Hispanic White individuals, the overall inci-
dence of primary BT increased significantly from 2004—
2012 (APC=3.4%; 95% Cl: 2.7% to 4.1%) and remained
relatively steady thereafter.

e Among non-Hispanic Asian or Pacific Islander
Individuals, the overall incidence of primary BT in-
creased significantly from 2004-2019 (APC=1.3%; 95%
Cl: 0.6% to 1.9%).

e Among Hispanic individuals of all races, the incidence
of primary BT held steady from 2004-2006 and then in-
creased significantly from 2006-2019 (APC=1.3%; 95% Cl:
0.6% to 1.9%).

Age-, Sex-, and Race/Ethnicity-Specific Brain
Tumor Mortality Rates, 2016—-2020

The overall 2016-2020 AASMR for malignant primary BT in
AYA was 0.96 per 100,000 population (Table 1). AASMR by
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a Rates are per 100,000 population.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2004-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States;
CDC, Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National
Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig. 11 2004-2019 Trends by AYA Age Group at Diagnosis for (A) Annual Average Age-Specific Incidence Rates? of All Primary Brain and Other
CNS Tumors; and (B) Annual Average Age-Specific Incidence Rates and Annual Percent Change for the Five Most Common Primary Brain and
Other CNS Tumor Histopathologies
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APC (95% Cl)

6.7(5,8.5)*

Brain and Other Nervous System 2004-2009 4.2(2.6,5.8)*

Years APC (95%CIl) Years APC (95% Cl)

2009-2015 2.2(0.7,3.7)* 2015-2019 -2.9(-4.8,-1)*

2004-2010 -0.1(-0.7,0.6) 2010-2019 0.9(0.6,1.3)*

2004-2019 -1.3(-1.6,-0.9)*

2009-2017 1.1(0.2,1.9)* 2017-2019 -3.2(-9,2.9)

2004-2012 -1.7(-2.7,-0.6)* 2012-2019 0.9(-0.5,2.2)

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 2004-2020.

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC,
Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of
Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig. 12 2004-2019 Annual Age-Specific Incidence Rate? Trends and Annual Percent Change for All Malignant and Non-Malignant Primary Brain
and Other CNS Tumors in AYA Ages 15-39 Years, Compared with Other Common Cancers

sex, race and Hispanic ethnicity, and age group at death
are shown in Table 1. Crude mortality rates by individual
age at death are shown in Figure 14.

e Mortality due to malignant primary BT was higher
in males than females (1.15 vs 0.76 per 100,000,
respectively).

e Young adults ages 35-39 years had the highest mortality
of any age group (1.69 per 100,000), whereas young
adults ages 20-24 years had the lowest mortality of any
age group (0.53 per 100,000).

e Mortality was highest in non-Hispanic White individuals
(1.18 per 100,000) and lowest in non-Hispanic Asian or
Pacific Islander individuals (0.62 per 100,000), compared
with other racial/ethnic groups.

e Overall mortality increased with increasing age, espe-
cially after 29 years of age.

Changes in Mortality Due to Malignant Tumors
Over Time, 1969-2019

Time trends in cancer mortality are another important
measures of the changing burden of cancer in a popula-
tion over time. As with incidence time trends, many fac-
tors can lead to fluctuations in mortality rates over time
and must be considered when interpreting time trends. It
is critical to use the most recent data available when as-
sessing mortality trends over time, as reporting delays can
cause small fluctuations. Time-trends analysis methods
can be used to estimate if the APC is significantly different
from 0% (meaning no change in mortality from year to
year).

AASMRs for primary malignant BT and other selected
major causes of cancer death in AYA from 1969-2019 are
shown in Figure 15. AASMRs for primary malignant BT are

20z AeN 80 uo 1sanb Aq #11599//L1I/e uswa|ddng/9z/al01ue/AB0j0ouo-01nau/wod dno-olwapede//:sdijy woly papeojumoq



Price et al.: CBTRUS Statistical Report

=
15.00 1
(]
-
C C
x o
-t
& ® 12507
-6 :
o<
a0l
o o
(=}
",, S 10.00-
(< 1=8
<o
-_ O
o
S
E 8_ 7.50 1
-] B
-]
5.00 1
> o © QA g O Q N 2 > \a] o a S 2
Q QL \) Q Q Q N N N N N N N N N N
S, o e I . S SO: ~ D S, ~D: S SO S
Year of Diagnosis
Race and Ethnicity Years APC (95% Cl) Years APC (95% Cl) Years APC (95% CI)
Non-Hispanic White 2004-2012 3.4(2.7,4.1)* 2012-2019 -0.5(-1.3,0.2)
== Non-Hispanic Black 2004-2009 5.1(2.4,7.8)* 2009-2017 1.3(-0.1,2.7) 2017-2019 -6.7(-15.5,3.1)
=8~ Non-Hispanic American Indian/Alaska Native 2004-2006 27.5(~1.9,65.7) 2006-2019 0.5(-0.6,1.6)
== Non-Hispanic Asian or Pacific Islander 2004-2019 1.3(0.6,1.9)*
—4}—  Hispanic All Races 2004-2006 10.4(-4.1,27.2) 2006-2019 1.3(0.6,1.9)*

a Rates are per 100,000 population.

Data Source: CBTRUS Childhood and Adolescent Report: USCS — CDC’s NPCR and NCI's SEER, 2004-2020

Abbreviations: APC, annual percent change; AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry

of the United States; CDC, Centers for Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR,

National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program; USCS, United States Cancer Statistics.

Fig. 13  2004-2019 Average Annual Age-Specific Incidence Rate? Trends and Annual Percent Change for All Primary Brain and Other CNS

Tumors in AYA Ages 15-39 Years, by Race/Ethnicity Group

shown by age group at death in Figure 16. Complete APC
results are available in Supplementary Table 9.

e QOverall, mortality due to cancer has decreased since
1969.

e Some of the biggest decreases in mortality have come in
breast cancer (female only), where mortality decreased
by 0.2% per year from 1969-1987 (95% Cl: —0.6% to —0.1%)
and by 2.9% per year from 1987-2010 (95% Cl: -3.1% to
—-2.6%), and in cervix uteri (female only), where mortality
decreased by 6.0% from 1969-1978 (95% Cl: -7.2 to -4.8)
and 4.2% from 1996-2004 (95% Cl: -5.9 to —2.4%).

e Although mortality due to primary BT decreased by 1.6%
between 1969 and 1981 (95% Cl: —=2.2% to -1.0%) and by
1.8% from 1994 to 2007 (95% Cl: -2.4% to -1.3%), AYA
mortality from primary BT has not changed significantly
since 2007.

e Mortality reflects age at death; thus, counts and rates
may include those diagnosed at less than 15 years of age.

Comparing Primary Brain and Other CNS Tumors
to Other Common AYA Cancers, 1969-2020

AASMRs for AYA overall and by age group at death are
shown in Figure 16. AASIRs for the five most common
causes of AYA death overall are shown in Figure 17, and
AASMRs for the five most common causes of cancer death
by AYA age group at death are shown in Figure 18.

e All BT were the most significant contributor to cancer inci-
dence in AYA age groups 15-29 years and the second most
incident cancer overall. These tumors were the third highest
contributor to incidence in young adults ages 30-39 years.

e Female breast cancer was the highest incident cancer
overall and among ages at diagnosis groups 30-39 years.

e When compared with other causes of death in AYA ages
15-39 vyears, all cancers combined contributed 9,108
deaths annually and was the fourth-leading cause of
death. Death by cancer was among the top five causes
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Data Source: CBTRUS Adolescent and Young Adult Report: NCHS’s NVSS, 2016-2020.
Abbreviations: AYA, adolescents and young adults ages 15-39 years at death; CBTRUS, Central Brain Tumor Registry of the United
States; CNS, central nervous system; NCHS, National Center for Health Statistics; NVSS, National Vital Statistics System.

Fig. 14  2016-2020 Crude Mortality Rates? for Malignant Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years at Death, by Sex and Age

at Death

of death in all age groups at diagnosis and was second
highest in young adults ages 35-39 years.

Age-, Sex-, and Race/Ethnicity-Specific Relative
Survival, 2004-2019

Five-year relative survival estimates for malignant and
non-malignant primary BT in the United States during
2004-2019 in AYA overall, by sex, race/ethnicity, and age
group at diagnosis are shown in Table 1.

e Overall, 5-year relative survival was 91.1% and was higher
in females (94.1%) than males (86.5%). When stratified by
behavior, 5-year survival estimates were slightly higher in
females for both malignant and non-malignant tumors.

e Adolescents ages 15-19 years had the highest 5-year rel-
ative survival (92.0%) of any age group.

e Five-year relative survival was highest in non-Hispanic
American Indian/Alaska Native individuals and Hispanic
individuals of all races (both were 91.9%) and lowest
in non-Hispanic Black individuals (90.6%). When strati-
fied by behavior, 5-year relative survival for malignant
tumors was highest in non-Hispanic White individuals
(73.9%); for non-malignant tumors, 5-year relative sur-
vival was highest among non-Hispanic Asian or Pacific
Islander individuals (98.7%).

e Adolescents ages 15-19 years had higher 5-year relative
survival overall (92.0%) and when stratified by behavior,
compared with the other age groups. Young adults ages
35-39 years had the lowest 5-year survival (89.9%)
overall and stratified by behavior.

Age-, Histopathology-, and Site-Specific Relative
Survival, 2004-2019

Relative survival estimates for primary BT in AYA by histo-
pathology and age at diagnosis are shown in Table 7 and
Supplementary Table 10, respectively.

e Overall, 1-year survival for all primary BT was 97.0%; this
rate declined to 91.1% for 5-year survival and 87.1% for
10-year survival.

e There was large variation in survival estimates depending
upon tumor histopathology; 5-year survival rates ranged
from 99.4% for pituitary tumors to 27.3% for glioblastoma.

e Relative survival in anaplastic astrocytoma was 92.3% 1
year after diagnosis but declined to 63.0% 5 years after
diagnosis and 46.8% at 10 years after diagnosis.

e For embryonal tumors, the 1-year relative survival rate
of 91.4% declined to 71.9% 5 years after diagnosis and
61.7% 10 years after diagnosis.

* For pilocytic astrocytoma, survival was high across all
estimates: 1-year relative survival was 98.5%, while 5-
and 10-year relative survival were 94.7% and 93.0%,
respectively.

e Within each histopathology, relative survival estimates
varied substantially by age group.

Relative survival estimates for primary BT in AYA by tumor
site and age group at diagnosis are shown in Table 8 and
Supplementary Table 11.

e The highest 5-year relative survival rate was for tumors
occurring in the pituitary gland (99.3%).
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Fig. 15 1969-2019 Annual Average Age-Specific Mortality Rates? and Mortality Trends for Malignant Primary Brain and Other CNS Tumors in
AYA Ages 15-39 Years at Death, Compared with Other Common AYA Cancers

e The lowest 5-year survival rate was for tumors occurring
in the cerebrum (63.2%).

e Within each site, relative survival estimates varied sub-
stantially by age group at diagnosis.

Overall Survival and Relative Survival, 2001-2019

Estimates of median survival in months for primary malig-
nant BT tumors in AYA as determined by histopathology,
irrespective of whether individuals received any treatment
for their tumor, are shown in Table 9. Survival curves for
the five most common malignant histopathologies are
shown in Figure 19A.

e Median survival was shortest for glioblastoma (24
months) and highest for other neuroepithelial tumors
(215 months, or approximately 18 years).

e Median survival could not be estimated for many non-
malignant histopathologies because more than 50% of
individuals remained alive during the 16-year follow up
period.

Demographic factors such as age at diagnosis, sex, and
race/ethnicity are known to have a significant effect on

survival time after diagnosis of primary BT. Hazard ratios
for the effect of sex and race/ethnicity in AYA are shown
in Table 10 for all individuals irrespective of whether they
received any treatment for their tumor. Hazard ratio esti-
mates for demographic factors in the five most common
malignant histopathologies are shown in Figure 19B.

e Females had significantly better overall survival than
males in half of the histopathologies evaluated.

e Non-Hispanic Black individuals had poorer survival
outcomes compared with non-Hispanic White individ-
uals, apart from unique astrocytoma variants (including
subependymal giant cell astrocytoma, pleomorphic
xanthoastrocytoma, and angiocentric glioma).

e Non-Hispanic American Indian/Alaska Native individuals
had poorer survival compared with non-Hispanic White
individuals in many histopathologies, although the small
size of this population meant that many of these associ-
ations were nonsignificant.

e Being a non-Hispanic Asian or Pacific Islander individual
was associated with better survival in almost half of the
histopathologies as compared with non-Hispanic White
individuals, although many of these associations were
nonsignificant. Survival was significantly improved
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Fig. 16
AYA Ages 15-39 Years at Death, by Age Group at Death

in glioblastoma, oligodendroglioma, and ependymal
tumors.

e Being Hispanic (all races) was associated with better sur-
vival in many of the histopathologies, including diffuse
astrocytoma, glioblastoma, oligodendroglioma, and
embryonal tumors.

e Other published survival estimates, including those
previously published by CBTRUS, incorporate treat-
ment patterns, which may explain differences between
these population-level estimates and other published
estimates.

When interpreting these results, it is important to re-
member that these models do not incorporate factors that
may be associated with the demographic factors reported
here and could affect overall survival, such as treatment
patterns, health insurance, and type of facility at which an
individual received treatment.

Age- and Histopathology-Specific Annual Case
Projections, 2024-2026

The estimated number of cases of all primary BT among
AYA for 2024, 2025, and 2026 are shown by selected

1969-2019 Annual Average Age-Specific Mortality Rates? and Mortality Trends for Malignant Primary Brain and Other CNS Tumors in

histopathology and behavior in Table 11. 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
exercised when using these estimates.

e Tumors of the sellar region were expected to be the
largest group of new cases for 2024, 2025, and 2026
(estimated cases expected: 4,520, 4,440, and 4,350,
respectively).

e Meningiomas were expected to be the second-largest
group of new cases, with an estimated 2,350 cases to be
diagnosed in 2024.

e Among malignant tumors, most new cases were ex-
pected to be pilocytic astrocytoma (310 cases), followed
by ependymal tumors (180 cases).

Primary Brain and other CNS Tumors Compared
with Other Common AYA Cancers, 1975-2020

Prevalence estimates for primary BT among AYA ages
15-39 years in the United States in 2024 are shown in
Figure 20, Table 12, and Supplementary Table 12.
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Fig. 17 2016-2020 Annual Average Age-Specific Incidence Rates? and Annual Average Case Counts for the Primary Brain and Other CNS
Tumors and other Common Cancers in AYA Ages 15-39 Years, Overall and by Age Group at Diagnosis

e An estimated 208,620 AYA ages 15-39 years will be living
with a primary BT in 2024, making it the most prevalent
cancer in this age range. It is also the most prevalent in
those ages 15-19 years, 20-24 years, and 25-29 years.

e Primary BT are the third-most-prevalent cancer type
among those ages 30-34 years and 35-39 years.

e The most-prevalent histopathology was tumors of the
sellar region, with 57,850 cases.

e The next most prevalent histopathological groups are
pilocytic astrocytoma (19,880 cases), other gliomas
(16,830 cases), and meningioma (16,320 cases).

¢ As these estimates include only AYA ages 15-39 years at
the time prevalence was estimated (2024), the total pop-
ulation of AYA survivors with primary BT, including those
who are now adults, is significantly larger. Additionally,
these estimates include pediatric cases (individuals who
were diagnosed at age 0-14 years) who were still alive
at the time of estimation.

Summary of Incidence Patterns in AYA

AYA with primary BT are transitioning from the rarer tumor
types more common in children to the tumor types more
common in older adults. The incidence of germ cell tumors,
which are more common in children and younger AYA, de-
clines rapidly with increasing age, such that the AASIR is
more than an order of magnitude larger in the youngest
ages compared with the oldest. Apart from pilocytic
astrocytoma and other gliomas, the incidence rate of most

adult-type gliomas increases steadily with age in AYA (Table
3), with the oldest AYA age group (35-39 years) having
more than double the incidence seen in the youngest AYA
age group (15-19). Despite this finding, in this age group
overall, tumors of the pituitary tend to account for almost
half of all tumors diagnosed, with this being especially ap-
parent for those younger than 30 years of age; beyond age
30, incidence of meningioma becomes more comparable to
that of pituitary tumors (Figure 10). Moreover, as AYA age
increases, the proportion of lower-grade gliomas that prog-
ress to high-grade gliomas also increases.>®

Whereas the incidence of primary BT generally increases
with age, the proportion of tumors that are non-malignant
increases much more rapidly than the proportion that
is malignant. Accordingly, much of the increase in pri-
mary BT in this population may be attributable to the
relative increase in non-malignant tumors, especially
meningiomas and pituitary tumors (Table 3). Disparities in
tumor behavior across AYA age groups become more ap-
parent with increasing age, with non-malignant tumors
accounting for three-quarters (76.5%) of all primary BT
diagnosed in the oldest AYA age groups, versus about two-
thirds (66.0%) in the youngest ages.

Adolescence also marks a time of growth and crit-
ical change in the brain and body, which may contribute
to a shift away from tumors found at sites formed earlier
in development, like the cerebellum and brain stem, to-
ward tumors in the meninges, the four lobes of the brain,
and the pituitary gland. This difference is most striking at
the interface between those ages 15-19 years and those
ages 20-24 years, when the contribution of primary BT
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Fig. 18  2016-2020 Annual Average Age-Specific Mortality Rates? and Annual Average Death Counts for the Top Five Causes of Death Among

AYA Ages 15-39 Years at Death, Overall, and by AYA Age Group at Death

diagnosed in the ventricles, cerebellum, and brain stem
drops sharply, although this difference tapers off there-
after (Table 4). Inversely, tumors of the meninges, the four
lobes of the brain, and pituitary increase steadily from the
youngest ages to the oldest ages in AYA.

Risk Factors for Primary Brain and
Other CNS Tumors

Known and suspected risk factors for developing tumors
vary by cancer type. In most cases of primary BT, little is
known about their origin or cause, even though many
studies are investigating the causes and risk factors of
these tumors.?® Nonetheless, most brain tumors form in
people without any known risk factors. The following is a
brief summary of the current knowledge about risk factors
for the primary BT types common in AYA.

Most primary BT are sporadic and develop in individuals
with no family history of such tumors. In those with a family
history, these tumors will most likely be diagnosed at a

younger age.®® Numerous Mendelian cancer syndromes
have been found to increase risk for primary BT, including
neurofibromatosis types 1 and 2, tuberous sclerosis, and Li
Fraumeni syndrome (see Supplementary Table 13 for a re-
view of syndromes that may enhance predisposition to pri-
mary BT in AYA).5%6" Several genetic factors appear to lead
to primary BT, however, these instances are rare. Although
no genome-wide association studies have been conducted
specifically in AYA, studies in children and adults who lack
family history have identified common inherited genetic
polymorphisms related to genetic risk factors for these
tumors.>6263 Previous work by CBTRUS and others found
that the risks associated with developing a primary BT vary
according to region of the world and race/ethnicity.547
This suggests that population-specific sources of genetic
risk may contribute to risk for primary BT. However, this
association needs further exploration in future studies.86°
Despite promising advancements in identifying sources
of genomic risk that would inform the identification, and
treatment of these tumors, significant gaps in the research
remain to be filled, particularly in individuals who are in
early adulthood when diagnosed.
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Table 9. 2001-2019 Total Deaths and Median Survival in Months for Malignant Primary Brain and Other CNS Tumor Histopathologies in AYA Ages

15-39 Years?®

Histopathology \

Diffuse astrocytoma 6,765
Anaplastic astrocytoma 4,131
Glioblastoma 6,227
Oligodendroglioma 4,140
Anaplastic oligodendroglioma 1,332
Oligoastrocytic tumors 2,563
Pilocytic astrocytoma 3,978
Unique astrocytoma variants 917
Ependymal tumors 4,742
Glioma malignant, NOS 3,607
Choroid plexus tumors 498
Other neuroepithelial tumors 78
Neuronal and mixed neuronal-glial tumors 4,589
Tumors of the pineal region 662
Embryonal tumors 2,181
Nerve sheath tumors 11,295

Other tumors of cranial and spinal nerves -
Meningiomas 20,592
Mesenchymal tumors 3,790

Primary melanocytic lesions -

Lymphoma 1,560
Other hemopoietic neoplasms -

Tumors of the pituitary 44,611
Craniopharyngioma 1,626
Hemangioma 2,188
Neoplasm, unspecified 3,019
All other 312

@ For mortality data, age at death; for survival data, age at diagnosis.

Deaths Median Survival, Months (95% Cl)
2,274 186 (174-212)
1,741 104 (93-116)
4,371 24 (23-25)
860 *k (RA_%H)
425 185 (165-**)
1,040 169 (159-202)
295 *% (*-x-_-x-*)
139 * (%x_X¥)
400 X (XX_¥¥)
890 * (Xx_X¥)
30 X (XX_XK)
1 215 (201-*%)
284 *k (KX_X¥)
m * (Xx_XK)
743 Xk (KX_XK)
348 *k (K*_X¥)
1,035 * (KX_X¥)
274 * (RX_XK)
701 163 (132-**)
755 *k (k¥_¥¥)
179 *k (R¥_¥¥)
64 *k (R¥_¥¥)
405 *k (R¥_¥¥)
15 *k (R¥_¥¥)

— Counts and associated rates cannot be provided when Total Cases are fewer than 50 cases or when a value based on less than 50 cases can be

back-calculated using a cell.
** Could not be calculated.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS - CDC's NPCR, 2001-2019.
Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for
Disease Control and Prevention; CNS, central nervous system; NOS, not otherwise specified; NPCR, National Program of Cancer Registries; USCS,

United States Cancer Statistics.

Few environmental factors have been definitively as-
sociated with brain tumor development. The only well-
established environmental risk factor thus far is exposure
of the head or neck to therapeutic doses of ionizing radia-
tion, given the linear dose-response relationship between
radiation exposure and risk for brain tumors.”® Children
and adolescents are at greater risk than adults for devel-
oping a radiation-induced primary BT, because their devel-
oping brains are more radiosensitive.”

Other factors thought to elevate risk for primary BT have
not been specifically explored in AYA. Studies have con-
sistently reported inverse associations between glioma
susceptibility in adults and a history of atopic conditions
like allergies (Supplementary Table 14)7273. A particularly
strong inverse association between respiratory allergies

and gliomas has been reported.”>’* These appear to be
protective to other BT types, such as meningioma’®, al-
though to a lesser extent than glioma. The effects of other
comorbid diseases also have been investigated. A history
of varicella, or chicken pox infection, has been shown to be
protective against glioma.”® Diabetes, especially long-term
diabetes, has been correlated with lower risk for both glio-
blastoma and glioma.”” Whereas autoimmune diseases are
negatively correlated with risk for glioma, one study found
a greater risk for these tumors in AYA with inflammatory
bowel disease.”’

Other factors have been explored without establishing
definitive associations. One of these is exposure to pesti-
cides, which have been classified as carcinogenic by the
International Agency for Research on Cancer.’® Studies
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1 1
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Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR, 2001-2019.

Abbreviations: AIAN, American Indian/Alaska Native; AYA, adolescents and young adults ages 15-39 years at diagnosis; CBTRUS, Central Brain Tumor Registry of the United States;
CDC, Centers for Disease Control and Prevention; NCI, National Cancer Institute; NH, Non-Hispanic; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology,
and End Results Program; USCS, United States Cancer Statistics.

Fig.19 2001-2019 (A) Kaplan-Meier Survival Curve for the Five Most Common Malignant Histopathologies in AYA Ages 15-39 Years at Diagnosis

and (B) Hazard Ratios and 95% Cls for Sex, and Race/Ethnicity for the Five Most Common Histopathologies in AYA Ages 15-39 Years

analyzing agricultural workers have found a positive associ-
ation between several agricultural activities and the incidence
of primary BT, which might be attributable to these workers’
proximity to pesticide toxins.”® Some studies even found an
association between parental work exposure to pesticides and
the occurrence of primary BT in their offspring, as observed in
a meta-analysis of children and AYA from North America.&

Primary BT in AYA are more common in males than fe-
males, with the exception of meningiomas (Supplementary
Table 15) and pituitary tumors (Supplementary Table 16).
Researchers have explored several factors that may con-
tribute to this sex difference. Older age at menarche and
having been pregnant have been associated with lower
risk for glioma, whereas a history of breastfeeding has
been associated with greater risk.8'-82

Studies have shown that higher birth weight and size for
gestational age also correlated with an increased chance
of developing CNS tumors in both childhood and in young
adulthood, although these associations were mixed.%8:83
The researchers in these studies hypothesized that the
underlying mechanisms might involve the growth fac-
tors IGF-1 and IGF-2, which are commonly known to be
overexpressed in many brain tumors.

Potential Disparities and Other Issues
Affecting Diagnosis, Treatment, and
Survival in AYA

In recent years, increasing attention has been paid to
the role of disparities in BT incidence and outcomes.

However, these disparities have not been characterized or
well-documented relevant to AYA, despite the unique ep-
idemiological considerations for this population. Patient-
level factors, such as employment and socioeconomic
status, healthcare status, and various psychosocial fac-
tors, have a significant impact on the AYA population.8485
This time period is marked by changes in these factors that
often have far-reaching and unpredictable consequences.
Many AYA in the United States lose critical access to their
parents’ health insurance at age 26,%¢ which, combined
with the unstable employment and lower income common
in younger AYA, may result in healthcare access issues that
can persist into adulthood. Research has highlighted the
significant impact of health care access on both diagnosis
and outcomes for individuals with a primary BT.

Of particular importance in the AYA population is the
heightened potential for financial toxicity and related ec-
onomic issues associated with a cancer diagnosis and
treatment.’28788 |n a survey of AYA cancer survivors,
almost half reported decreases in credit scores and in-
creases in debt collection efforts, and nearly a quarter
lacked money for necessities. Similarly, a recent meta-
analysis showed that annual monetary losses were
doubled in AYA with cancer versus without cancer. In par-
ticular, CNS tumors are among the highest-risk cancers
for AYA in terms of increased usage of public benefits like
Social Security and lower overall income postdiagnosis,
compared with similarly aged individuals in the general
population.8:%0

Various barriers affect AYA access to care and access to
neuro-oncology clinical trials.®! This age group is partic-
ularly susceptible to diagnostic delay, given the unique
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Table 11.

Histopathology

2024, 2025, and 2026 Estimated New Cases®® of Primary Brain and Other CNS Tumors in AYA Ages 15-39 Years, by Behavior and

Histopathology 2025 2026
Malignant  Non- All Malignant Non- All Malignant Non-
Malignant Malignant Malignant
Diffuse astrocytic and 2,030 — — 2,050 — — 2,060 — —
oligodendroglial tumors
Diffuse and anaplastic 1,170 — — 1,200 - - 1,230 - -
astrocytoma
Glioblastoma 680 — — 690 — — 710 — —
Oligodendroglial 190 — — 150 — — 120 - —
tumors
Other astrocytic tumors 490 380 110 500 380 120 520 390 140
Pilocytic astrocytoma 390 310 80 410 310 100 420 310 110
Unique astrocytoma 90 70 20 100 70 20 100 70 20
variants
Ependymal tumors 380 180 190 380 180 200 380 180 200
Other gliomas 510 — — 530 — - 540 - -
Neuronal and mixed 520 40 470 530 40 480 540 40 490
neuronal-glial tumors
Choroid plexus tumors 40 — — 40 — — 40 — —
Tumors of the pineal 70 40 20 70 50 20 70 50 20
region
Embryonal tumors 140 - - - — — 140 - —
Tumors of cranial and 1,270 - - 1,280 — — 1,300 — —
paraspinal nerves
Tumors of meninges 2,680 50 2,630 2,720 50 2,670 2,750 50 2,710
Meningiomas 2,350 20 2,340 2,390 20 2,370 2,430 — —
Other tumors of the 330 30 300 330 30 290 330 30 290
meninges
Lymphomas and hema- 80 - - 80 — — 80 — —
topoietic neoplasms
Germ cell tumors 130 — — 130 — — 130 — —
Tumors of the sellar 4,520 — — 4,440 — — 4,350 — —
region
Unclassified tumors 490 60 420 480 60 410 460 60 400
Total 13,350 3,670 9,680 13,360 3,700 9,660 13,370 3,720 400

2 Estimation based on CBTRUS, NPCR, and SEER 2001-2019 data for malignant tumors, and NPCR and SEER 2006-2019 data for non-malignant

tumors.
b Rounded to the nearest 10. Numbers may not add up due to rounding.

— Counts and associated rates cannot be provided when Total Cases are fewer than 20 cases or when a value based on less than 16 cases can be

back-calculated using a cell.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS - CDC's NPCR and NCI's SEER, 2001-2019 (varying).

Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for
Disease Control and Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER,
Surveillance, Epidemiology and End Results Program; USCS, United States Cancer Statistics.

symptomology of primary BT in this group compared with
older adults, the lack of physician awareness of cancer risk
in this age group, and the insurance and economic issues
discussed above. The unique needs and histopathologies
of AYA may result in these patients not being appropri-
ately served by either pediatric or adult neuro-oncology
programs. These factors, along with exclusionary age-
eligibility criteria, contribute to AYA being disproportion-
ately excluded from clinical trials.

Racial/ethnic differences in incidence and outcomes
have previously been reported in primary BT,%® and these
differences are consistent among AYA.92% Across all
histopathologies and regardless of age, overall incidence
rates are similar for AYA who identify as non-Hispanic
White, non-Hispanic Black, or non-Hispanic American
Indian/Alaska Native, whereas those who identify as non-
Hispanic Asian or Pacific Islander or Hispanic (all races)
have lower overall incidence (Table 5). The incidence of
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Fig. 20 2024 Estimated US Cases of (A) the Eight Most Prevalent Cancers in Children and Adolescents, and (B) by the Ten Most Prevalent

Primary Brain and Other CNS Histopathologies in AYA Ages 15-39 Years in 2024

specific tumor types varies substantially by race/ethnicity.
Many factors affect whether a newly diagnosed case is re-
ported to cancer registries, and cases diagnosed in some
groups, especially non-Hispanic American Indian/Alaska
Native groups, are likely underreported due to data-
reporting or misclassification issues.®® After diagnosis,
race/ethnicity can significantly affect treatment timing and
outcomes. Overall, groups who are not non-Hispanic White
have significantly better survival after a glioma diagnosis;
however, AYA in these groups have poorer survival, pos-
sibly mediated by lower socioeconomic status.®® Although
rural residential location is also associated with poorer sur-
vival, traveling longer distances to receive treatment has
been associated with improved outcomes in combination
with non-Hispanic White race/ethnicity and higher SES—
which suggests the importance of enabling AYA to travel to
specialty care centers for treatment.%

Sex differences in primary BT have been well-defined
and are measurable, especially in patients older than
14 years of age.®”®® Numerous mechanisms have been

proposed to explain potential disparities related to sex,
including known differences in epigenetic regulation, chro-
mosomal complements, and sex hormones.??% Compared
with the pediatric population, AYA have greater exposure
to sex hormones—which may exacerbate sex-related dis-
parities in cancer incidence and outcomes to levels compa-
rable to those observed in older adults.

Significant variation in specific tumor types also is re-
lated to sex: Tumors like glioma are more common in
males, whereas females are significantly more likely to
develop pituitary tumors and meningiomas, which are
mostly non-malignant.’%'%" For gliomas and several other
histopathologies, AYA survival is generally worse for males
than females, even after adjustment for known prognostic
factors; this effect is strongest in the youngest and middle-
adulthood age groups.?8192 Sex disparity in meningioma
varies substantially by age, increasing through young
adulthood and peaking in middle adulthood.’®® Possible
impact on fertility requires more careful clinical considera-
tion in AYA than in older adults.
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Table 12. Continued

Histopathology

35-39 years

30-34 years

25-29 years

(15-39 years)

Cases Rate

=
°
(0]
172}
o
=
(2]
8
a

19,870 91.02

15,980 69.96

11,330 48.77

6,960 32.22

91.4% 3,720 1775

57850 52.38 8.6%

Tumors of the sellar

region

(89.76-92.29)

2,290 10.49

(68.88-71.05)

2,090 9.15

(47.88-49.67)

1,680 7.22

(31.47-32.98)

1,420 6.59

(17.19-18.33)

1,180 5.61

(51.95-52.81)

8,660 7.84

69.4%

30.6%

Unclassified tumors

(10.07-10.93)

65,490 16.67

(8.76-9.55)

(6.26-6.94) (6.88-7.57)
38,640 9.24 51,640 12.56

29,850 7.68

(5.29-5.94)

22,990 6.09

(7.67-8.00)
10.49

65.3%

34.7%

208,620

Total

(16.54-16.80)

(7.59-7.77) (9.15-9.33) (12.45-12.67)

(6.02-6.17)

(10.45-10.54)

2 Estimation based on CBTRUS NPCR (2000-2020) and SEER (1975-2020) data for malignant tumors and NPCR and SEER (2004-2020) data for non-malignant tumors, and SEER survival data (1975-2020 for malig-

nant tumors and 2004-2020 data for non-malignant tumors).

b Rates are per 100,000 population.

Data Source: CBTRUS Adolescent and Young Adult Report: USCS - CDC's NPCR and NCI's SEER, 1975-2020 (varying).

Abbreviations: AYA, adolescents and young adults ages 15-39 years in 2024; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and Prevention; CNS, central nervous

system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results Program. USCS, United States Cancer Statistics.
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Changes in psychosocial function due to the life-long detri-
mental effects of cancer or cancer treatment are of increased
relevance in AYA and have been well-documented in those
with primary BT.8® However, comparatively little is known
about risk for neurocognitive deficits and other long-term
difficulties associated with cancer diagnosis and treatment
specifically among AYA. One study that examined this in in-
dividuals with adult-onset medulloblastoma (median age 33)
found significant neurocognitive impairment.'* Risk for long-
term neurocognitive damage is similar among children, ado-
lescents, and younger adults but higher than for older adults.

Of significant concern are pediatric brain tumor sur-
vivors who are transitioning into adolescence and
young adulthood and who therefore require adult neuro-
oncology care that is attentive to their needs both as a sur-
vivor of a pediatric brain tumor and as a young adult.'%®
A substantial proportion (approximately 35%) of AYA cur-
rently living with a primary BT were diagnosed when they
were younger than 15 years of age (Table 12). This varies
substantially by tumor type. For example, a substantial
proportion of individuals living with pilocytic astrocytoma,
embryonal tumors, and other gliomas were diagnosed in
childhood (Figure 21A). In comparison, most adult-type
gliomas (diffuse and anaplastic astrocytoma, glioblas-
toma, oligodendrogial tumors), meningioma, tumors
of the cranial and spinal nerves, and tumors of the seller
region were diagnosed during the AYA years.

Mortality figures included in this report also capture a por-
tion of the population who has undergone this transition.
Approximately 11% of deaths due to primary BT included
in the mortality figures presented in this report were due to
tumors diagnosed in childhood (Figure 21B). Although not
represented in the counts of newly diagnosed cases pre-
sented herein, this population represents a significant pro-
portion of the AYA clinical population and has unique needs
distinct from the needs of both other AYA and older adults.

Strengths and Limitations of Cancer
Registry Data

CBTRUS, developed in collaboration with the CDC and
NCI, is the largest population-based registry focused ex-
clusively on primary BT in the United States, representing
cases collected from the entire US population.The CBTRUS
Statistical Report: American Brain Tumor Association &
NCI Neuro-Oncology Branch Adolescent and Young Adult
Primary Brain and Other Central Nervous System Tumors
Diagnosed in the United States in 2016-2020 contains
population-based data on all primary BT in AYA ages 15-39
years available through the CSS 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 then
transmits this information to NPCR and/or SEER. Each CCR
reports cases only 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 treat-
ment. As a result, the CBTRUS dataset is a complete re-
cording of all cases submitted to CCR for the time period
examined (here, 2016-2020), with minimal duplication.
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A 60,000

Age at Diagnosis
0-14 years (Children)
15-39 years (AYA)

40,000

256%

Prevalent Cases (2024)

20,000

64.1% 298% 94.3%
169%  g0.9%

61.9%
73.2% 49.1%

ﬁ 50.7%
359% 53.1%
0

s B

5-9 years
2.7% 0-4 years
10-14 years 1.6%
6.7%

35-39 years
14.4%

15-19 years
13.6%

30-34 years
22.3%

69.4%

79.4%  48.7%

% 24-29 years
2 it

anaplastic
astrocytoma
tumors
Pilocytic
astrocytoma
Ependymal
tumors
glial tumors
Choroid plexus
tumors
Tumors of
the pineal
region
Embryonal
tumors
cranial and
spinal nerves

Diffuse and

Glioblastoma
Oligedendroglial
Other gliomas
Neuronal and
‘mixed neuronal-
Tumors of the
Meningiomas

Other tumors
of the
meninges
Germ cell
tumors

other
Tumors of the.
sellar region
Undlassified
tumors

Lymphoma and

Data Source: CBTRUS Adolescent and Young Adult Report: USCS — CDC’s NPCR and NCI's SEER, 1975-2020 (varying)
Abbreviations: AYA, adolescents and young adults ages 15-39 years; CBTRUS, Central Brain Tumor Registry of the United States; CDC, Centers for Disease Control and
Prevention; CNS, central nervous system; NCI, National Cancer Institute; NPCR, National Program of Cancer Registries; SEER, Surveillance, Epidemiology, and End Results

Program; USCS, United States Cancer Statistics.

Fig. 21 Pediatric Brain Tumor Cases as a Proportion of (A) AYA Living with a Brain or Other CNS Tumor in 2024 and (B) AYA Deaths Due to a

Primary Brain or Other CNS Tumor

The cancer registry system has no publicly available sur-
vival and outcomes data. Survival data used for this report
were collected by NPCR for 39 of the 51 CCRs in the United
States, primarily through linkage with death certificate
and other administrative records. Data from the remaining
CCRs were collected by SEER, using both active and pas-
sive methods. The feasibility of these data for use in sur-
vival studies was evaluated'®'%7 and found to produce
reliable and robust estimates of cancer survival. Use of
passive follow-up with record linkage may result in over-
estimation of survival in some populations, such as those
who are more likely to leave the state or country.

No mechanism currently exists within the US cancer reg-
istry system for central pathology review of cases, and histo-
pathology code assignment at case registration 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,'%8 2000,'%° 2007,""° 2016,%” and 2021%*. As
of 2018, the US cancer registry system uses the 2016 classifi-
cation for data abstraction, but tumors included in this report
may have been diagnosed using any of the available classifi-
cations before 2016, 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 possible changes to the histopathology
schema over time, it is not possible, without additional vari-
ables, to go back and reclassify tumors based on new criteria.
In addition to changes in histopathological criteria over time,
there is significant interrater variability in histopathological
diagnosis of glioma.™"2 This also means that incomplete,
incorrect, or alternatively stated diagnoses included in a pa-
thology report or other medical record may result in an incor-
rect reporting of the details of an individual case.

Cancer registration in the United States requires the re-
porting of cases that are confirmed by using different types
of diagnostic procedures, including both microscopic

confirmation (where surgery was performed and the diag-
nosis was confirmed by a pathologist) and radiographic con-
firmation (where the diagnosis was based solely on imaging
criteria, such as magnetic resonance imaging, computed
tomography scans, or X-ray). Only microscopic confirma-
tion allows certainty on the assignment of a specific histopa-
thology and a CNS WHO grade. Many tumors have unique
characteristics that make them identifiable on imaging, which
thereby qualifies as a valid type of diagnostic procedure, but
itis important to consider the lower level of certainty in speci-
fying the correct histopathology of these tumors.

Concluding Comment

The CBTRUS Statistical Report: American Brain Tumor
Association & NCI Neuro-Oncology Branch Adolescent
and Young Adult Primary Brain and Other Central Nervous
System Tumors Diagnosed in the United States in 2016-
2020 comprehensively describes the population-based in-
cidence, mortality, and relative survival for primary BT in
AYA ages 15-39 years, as collected and reported by CCRs
covering the entire US population. This report aims to
serve as a useful resource for researchers, clinicians, pa-
tients, and families. CBTRUS continually revises its reports
to reflect the current collection and reporting practices of
the broader surveillance community in which it works,
while integrating the input it receives from the clinical
and research communities, especially neuropathologists,
whenever possible.

CBTRUS Mission

CBTRUS is a not-for-profit corporation committed to pro-
viding a resource for gathering and disseminating current
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epidemiological data on all primary brain and other CNS
tumors, both benign and malignant, for the purposes of ac-
curately describing their incidence and survival patterns,
evaluating diagnosis and treatment, facilitating etiological
studies, establishing awareness of the disease, and, ulti-
mately, for preventing all brain tumors.

Supplementary material

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

Abbreviations:

AASIR, average annual age-specific incidence rate;
AASMR, average annual age-specific mortality rate;
APC, annual percentage change;

AYA, adolescents and young adults;

BMM, brain molecular marker;

BT, primary brain and other central nervous system
tumors;

CBTRUS, Central BrainTumor Registry of the United
States;

CCR, Central Cancer Registry;

CDC, US Centers for Disease Control and Prevention;
CNS, central nervous system;

DCEG, Division of Cancer Epidemiology and Genetics;
ICD-0-3, International Classification of Diseases for
Oncology, Third Edition;

IDH1/2, isocitrate dehydrogenase '%;

MGMT, O-6-methylguanine-DNA methyltransferase;
NAACCR, North American Association of Central Cancer
Registries;

NCHS, National Center for Health Statistics;

NCI, National Cancer Institute of the US National Institutes
of Health;

NH, Non-Hispanic;

NPCR, National Program of Cancer Registries;
NPCR-CSS, NPCR Cancer Surveillance System;
NVSS, National Vital Statistics System;

RUCC, Rural-Urban Continuum Code;

SEER, Surveillance, Epidemiology, and End Results;
SHH, Sonic Hedgehog;

TP53, tumor protein p53;

USCS, United States Cancer Statistics;

WNT, Wingless

Disclaimer

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 as-
sist in evaluating, diagnosing, or treating individual diseases.
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Persons with questions regarding their individual disease
should contact their own physician to obtain medical assis-
tance. The contents in this report are solely the responsibility of
the authors and do not necessarily represent the official views
of the CDC or of the NCI.

JSB-S, BBC, MPP, MRG, and TSA are full-time employees of
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