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Abstract

Background. Comprehensive analysis of brain tumor incidence and survival in the Veteran population has been
lacking.

Methods. Veteran data were obtained from the Veterans Health Administration (VHA) Medical Centers via VHA
Corporate Data Warehouse. Brain tumor statistics on the overall US population were generated from the Central Brain
Tumor Registry of the US data. Cases were individuals (>18 years) with a primary brain tumor, diagnosed between
2004 and 2018.The average annual age-adjusted incidence rates (AAIR) and 95% confidence intervals were estimated
per 100 000 population and Kaplan—-Meier survival curves evaluated overall survival outcomes among Veterans.
Results. The Veteran population was primarily white (78%), male (93%), and between 60 and 64 years old (18%).
Individuals with a primary brain tumor in the general US population were mainly female (59%) and between 18
and 49 years old (28%). The overall AAIR of primary brain tumors from 2004 to 2018 within the Veterans Affairs
cancer registry was 11.6. Nonmalignant tumors were more common than malignant tumors (AAIR:7.19 vs 4.42).The
most diagnosed tumors in Veterans were nonmalignant pituitary tumors (AAIR:2.96), nonmalignant meningioma
(AAIR:2.62), and glioblastoma (AAIR:1.96). In the Veteran population, survival outcomes became worse with age
and were lowest among individuals diagnosed with glioblastoma.

Conclusions. Differences between Veteran and US populations can be broadly attributed to demographic compo-
sition differences of these groups. Prior to this, there have been no reports on national-level incidence rates and
survival outcomes for Veterans. These data provide vital information that can drive efforts to understand disease
burden and improve outcomes for individuals with primary brain tumors.

Key Points

Veterans account for approximately 7% of the adult US pop- tumors are an important health concern for Veterans due to
ulation, with half seeking care through the Veterans Health  the significant morbidity and mortality. Veterans receiving care
Administration (VHA)."2 As with the general population, brain  at the Veterans Affairs (VA) are reported using the Veterans
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Importance of the Study

Veterans account for ~7% of the adult US population,
with half seeking care through the Veterans Health
Administration (VHA). A comprehensive analysis of in-
cidence and survival for brain tumors in the Veteran
population has been lacking. Differences between the
Veteran and US population can be broadly attributed
to the differences in the demographic composition of

Affairs Cancer Registry System (VACRS). Due to VHA policy
changes implemented in 2007, these data are no longer
systematically included in state and national cancer regis-
tries®* and a significant knowledge gap remains regarding
diagnosis patterns, treatment trajectories, and clinical out-
comes of Veterans with primary brain tumors compared to
non-Veterans.

Exposure to chemical and environmental hazards during
military service may increase the risk of several diseases,
including an array of cancers.>’ These exposures include
ionizing radiation, nerve agents, chemicals from weapons’
demolitions and open-pit fires (ie, burn pits), and oil well
fires, % however definitive causative agents have not yet
been identified. Previous research has suggested that mil-
itary exposure may be associated with brain tumors, and
in the US Veteran population brain tumor frequency and
mortality may be associated with specific periods/types
of deployment, though this remains to be conclusively
confirmed.>" Recently, we compared the distribution of
brain tumor histopathologies in Veteran and non-Veteran
populations in Ohio. The results showed that 25% of Ohio
Veterans with brain tumors were not represented in Ohio
Cancer Incidence Surveillance System, and that there
were differences in the distribution of various tumor histo-
logic diagnoses (eg, a greater proportion of primary brain
tumors were noted to be glioblastomas in Veterans vs.
non-Veterans), possibly reflective of approaches to clinical
treatment and care, or other factors, such as demographic
differences between the veteran and general population.'?
That study focused on the population in Ohio; while Ohio
contains 4 VA medical centers and is the seventh most
populous state, the findings found there may not be repre-
sentative of the entire US Veteran population.

Despite being the subject of several studies®'? and an
important area of concern for US Veterans, a comprehen-
sive analysis of the incidence and survival of brain tu-
mors in the Veteran population has been lacking. While
it is important to determine if deployment exposure im-
pacts incidence and mortality, here we set out to perform
a comprehensive study on incidence and survival of pri-
mary malignant and nonmalignant brain tumors in the US
Veteran population, as it can provide valuable insights into
the burden of disease and outcomes, as well as inform the
development of effective prevention and treatment strat-
egies. The intent of the current study was to provide val-
uable insights into the incidence and survival of primary
malignant and nonmalignant primary brain tumors using
information currently available in the Veteran population.

these groups. Prior to this study, there have been no
reports on national-level incidence rates and survival
outcomes for Veterans. Statistics such as these provide
vital information that can help drive efforts to under-
stand disease burden and improve outcomes for indi-
viduals with primary brain tumors.

Methods

This study was conducted under Institutional Review
Board approval from Duke University.

Data Sources

Data from VACRS was obtained from the 132 VA Medical
Centers that diagnose and treat cancer via the VA Corporate
Data Warehouse. Data collected include cancer diagnosis
and treatment, which is compiled and submitted by local
cancer registry staff.’®' For brain tumor statistics on the
overall US population, data were obtained from the Central
BrainTumor Registry of the United States (CBTRUS), which
receives data in collaboration with the Centers for Disease
Control and Prevention’s (CDC) National Program of Cancer
Registries (NPCR) and the National Cancer Institute’s (NCI)
Surveillance, Epidemiology, and End Results Program
(SEER)." The CBTRUS dataset is the largest population-
based registry focused exclusively on primary brain and
other central nervous system (CNS) tumors in the US,
covering the entire US population.’”® Additional survival
analyses were performed using the CDC’s NPCR survival
database, which consists of 42 US registries.'®

Study Population

Inclusion criteria were individuals aged > 18 years who were
diagnosed with a primary brain or CNS tumor between 2004
and 2018, as collection of nonmalignant CNS tumors did
not begin until the passage of Public Law 107-260 in 2002
(Benign Brain Tumor Cancer Registries Amendment Act)
which mandated collection to begin January 1, 2004." Cases
were defined as individuals with a primary brain or CNS
tumor, identified using the administrative criteria based
on International Classification of Diseases for Oncology,
Third Edition (ICD-0-3) anatomic site, histopathology, and
behavior codes as defined by the 2021 Annual CBTRUS
Report.’™ In VACRS, any non-Veterans (including spouses
and dependents) were removed. Demographic data con-
tained in the datasets included: Age, sex, race, and ethnicity
(Supplementary Table 1). Data on Veterans included in the
analysis is based on the time period in which the individual
sought care at a VA health center and is not reflective of the
time the individual was in active military service.
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Histopathology

Cases were selected based on ICD-O-3 topography
codes for the primary site of brain and other CNS
(Supplementary Table 2). In addition, using ICD-0-3 his-
topathology codes, brain tumors were classified as either
Malignant (ICD-0-3 behavior code of /3) or Nonmalignant
(ICD-O-3 behavior code /0,/1). Select histopatholog-
ical categories were generated using ICD-O-3 morpho-
logical codes. Malignant tumors were classified into
three groups: Glioblastoma, other Gliomas, and other
malignant tumors. nonmalignant tumors were classi-
fied into four groups: Meningioma, Pituitary tumors,
Vestibular Schwannoma, and other nonmalignant tumors
(SupplementaryTable 3). These categories are focused ex-
clusively on the behaviors listed. For example, malignant
classifications for meningioma and pituitary tumors are
grouped as “other malignant tumors” and not included
in their respective nonmalignant groupings. All morpho-
logical and behavior codes for each category are listed in
SupplementaryTable 3.

Statistical Analysis

To calculate incidence rates in the VACRS dataset, the
number of Veterans using VA services was defined as the
number having at least one visit reported in the Outpatient
Workload table. This adjustment was made since using
the full Veteran population would understate incidence
rates, as only individuals who use VA services will have
tumors included in the VACRS. For each demographic cat-
egory, unadjusted incidence rates and average annual
age-adjusted incidence rates (AAIR), and 95% confidence
intervals were estimated per 100 000 population'™ and
were directly adjusted to the US 2000 standard popula-
tion'™ using 5-year age buckets. Similarly, CBTRUS inci-
dence rates are also age-adjusted to the US 2000 standard
population. However, as mentioned previously, there is ev-
idence that shows that US Veterans with primary brain tu-
mors may seek care at heath centers outside of the VA for
treatment, where these cancer diagnoses are reported to
the central cancer registry within that state.’> Additionally,
some VA facilities do report to their state central cancer
registry, and those cases would appear in the data pro-
vided to CBTRUS. Due to this, VACRS and CBTRUS data
are not independent, and therefore statistical comparisons
between demographic and clinical distributions and AAIR
cannot be performed.

Survival analyses were performed to evaluate differ-
ences in survival across age and histopathology groups.
Survival was calculated as the number of days between
diagnosis and death. Individuals who were alive, or did
not have a death recorded, as of December 31, 2019 were
censored, one year after the end of the study period.
Univariate Kaplan—-Meier analyses were performed using
the survival R package®® and median survival estimates
and survival curves are reported for individuals with malig-
nant tumors. Log-rank tests were performed to assess dif-
ferences in survival curves. Median survival estimates for
the general US population were calculated using the NPCR
survival database.

Results

VACRS contains 1 398 661 distinct individuals, of which
22 097 individuals had a tumor diagnosis with a primary
site of brain or other CNS sites (ICD-O-3 C70.0-C72.9,
C75.1-C75.2, and C30.0). There were 297 non-veterans
(eg, spouses, dependents) excluded from the study pop-
ulation. The dataset was further refined to those Veterans
diagnosed between January 1, 2004 and December 31,
2018 (n =12 888). Finally, the dataset was restricted to in-
dividuals diagnosed with an ICD-O-3 histopathology code
for malignant or nonmalignant primary brain tumors
(SupplementaryTable 2). In the final brain tumor dataset of
Veterans receiving care, 12 237 individuals remained with
primary brain tumors of the brain, meninges, spinal cord,
olfactory, pineal gland, or pituitary, diagnosed in Veterans
18 years and older between 2004 and 2018 (Figure 1).

Demographic characteristics of the primary brain tumor
Veteran dataset are summarized in Table 1. Overall, 93%
of tumors occurred in males, and about 79% of Veterans
with primary brain tumors were aged 55 years old or older.
When compared to the demographics in the US (CBTRUS),
the Veteran dataset has a larger proportion of individuals
between 50 and 70 years old (Figure 1). The racial and
ethnic distribution of individuals with primary brain tu-
mors in the VA cancer registry was comparable to CBTRUS,
however, there was a higher proportion of Veterans with
primary brain tumors who were Black (18%) compared to
CBTRUS (11%) (Figure 1). Primary brain tumors in males
occurred at a much higher proportion in VACRS (93%) than
in the CBTRUS dataset over the same time period (41%)
(Figure 1).

The primary brain tumor incidence rate in the Veteran
dataset was 14.5 per 100 000 Veterans (Table 1). Male
Veterans were found to have a higher tumor incidence
rate (14.9 per 100 000) compared to female Veterans (10.3
per 100 000), which persisted after adjusting for age (11.9
per 100 000 (95% Cl: 11.4-12.3) for male Veterans versus
9.8 per 100 000 (95% CI: 9.0-10.6) for female Veterans).
Veterans who were Black also experienced a higher inci-
dence rate (17.3 per 100 000) than Veterans who were White
(16.2 per 100 000), although after adjusting for age the in-
cidence rate is slightly lower for Veterans who were Black
(13.2 per 100 000, 95% CI: 12.4-14.0) than for Veterans who
were White (13.5 per 100 000, 95% ClI: 13.0-14.1). In con-
trast, Veterans who were Asian, Native Hawaiian (HI), or
Other Pacific Islander had a lower tumor incidence rate
(8.3 per 100 000) than Veterans who were White or Black,
including a lower age-adjusted incidence rate (6.4 per 100
000, 95% Cl: 5.0-7.8).

When analyzing malignant and nonmalignant tumor
incidence, Veterans who were male had twice the inci-
dence rate for malignant tumors compared to Veterans
who were female even after adjusting for age (4.9 per 100
000 (95% CI: 4.6-5.2), versus 2.0 per 100 000 (95% CI: 1.7
- 2.4)) (Table 1). In contrast, female Veterans had a higher
nonmalignant tumor incidence after adjusting for age. The
number of primary brain tumors for each histopathologic
category, as well as the incidence rate per 100 000 VA indi-
viduals, is also reported. Glioblastoma accounted for just
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Demographic characteristics of individuals with primary brain tumors in VACRS and CBTRUS by (A) age at diagnosis, (B) sex, (C)

race*, and (D) ethnicity (VACRS, 2004-2018; CBTRUS: Data provided by CDC's National Program of Cancer Registries and NCI's Surveillance,

Epidemiology and End Results Program, 2004-2018).

over half of all malignant tumors among Veterans, as 2824
out of 4924 malignant tumors (57.4%) were classified as gli-
oblastoma (a rate of 188.3 tumors per year, or 3.4 per 100
000) (Table 1). When adjusted for age, the incidence rate
of glioblastoma among Veterans (1.9 per 100 000, 95% Cl:
1.8-2.0) was similar to the age-adjusted incidence rate of
other gliomas excluding glioblastoma (1.8 per 100 000,
95% Cl: 1.6-1.9). The most common nonmalignant tumors
in the Veteran dataset after adjusting for age were pituitary
tumors, with an incidence rate of 2.9 per 100 000 (95% Cl:
2.7-3.1), followed by meningioma at 2.5 per 100 000 (95%
Cl: 2.4-2.6).

The distribution of specific histopathological subtypes
for primary brain tumors in VACRS and CBTRUS is shown
in Figure 2. Overall, the most common tumor in CBTRUS
was meningioma, followed by pituitary tumors, and

then glioblastoma. In VACRS, meningioma was the most
common tumor, followed by glioblastoma and then pitu-
itary tumors. While meningioma was the most common
tumor in both data sources, the overall proportion was
much higher in CBTRUS (37%) than in VACRS (27%). A large
difference was also seen in glioblastoma, with glioblas-
toma comprising 23% of all primary brain tumor diagnoses
in VACRS, and 14% in CBTRUS. Among only malignant
primary brain tumors, glioblastoma was highest in both
data sources (VACRS: 57%, CBTRUS: 46%). Among only
nonmalignant primary brain tumors, meningioma had lar-
gest percentage of cases (VACRS: 46%, CBTRUS: 57%), fol-
lowed by pituitary tumors (VACRS: 35%, CBTRUS: 24%).
Within the veteran population, there are noteworthy dif-
ferences in incidence rates for male and female Veterans
(Supplemental Table 4). Male Veterans have an incidence
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Figure 2.  Histopathological subtype distribution of (A) all primary BT, (B) malignant brain tumors only, and (C) nonmalignant* brain tumors only,
in VACRS and CBTRUS (VACRS, 2004-2018; CBTRUS: Data provided by CDC’s National Program of Cancer Registries and NCI's Surveillance,

Epidemiology and End Results Program, 2004-2018).
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and CBTRUS (VACRS, 2004-2018; CBTRUS: Data provided by CDC's National Program of Cancer Registries and NCI's Surveillance, Epidemiology

and End Results Program, 2004-2018).

rate of glioblastoma (3.6 per 100 000) over three times
as high as female Veterans (1.0 per 100 000), even after
adjusting for age (2.1 per 100 000 (95% CI: 1.9-2.2) for male
Veterans, versus 0.9 per 100 000 (95% ClI: 0.7-1.1) for fe-
male Veterans). Among nonmalignant tumors, we see a
higher incidence rate of meningioma for female Veterans
(4.5 per 100 000) than for male Veterans (3.9 per 100 000).
The difference in this rate for male and female Veterans
is further emphasized after adjusting for age, given that
the male Veteran population skews much older than the
female Veteran population. Among female Veterans, the
AAIR for meningioma (4.0 per 100 000, 95% ClI: 3.6-4.5)
is much higher than the AAIR for male Veterans (2.3 per

100 000, 95% Cl: 2.2-2.4). When assessing differences in
distribution across age groups and sex, the proportion
of histopathologic was comparable between VACRS and
CBTRUS (Figure 3). Among individuals ages 18-49, pi-
tuitary tumors were the most diagnosed tumors in both
males (VACRS: 28%, CBTRUS: 23%) and females (VACRS:
45%, CBTRUS: 32%). Among individuals ages 50-69, me-
ningioma was most diagnosed tumor in females (VACRS:
51%, CBTRUS: 52%) and GBM in males (VACRS: 26%,
CBTRUS: 26%). While meningioma remained as the most
diagnosed tumor in females aged 70 or older (VACRS: 53%,
CBTRUS: 61%), meningioma was also the most diagnosed
tumor in males ages 70+ (VACRS: 34%, CBTRUS: 37%).
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Across histopathologic types and age buckets, Veterans
with glioblastoma had the lowest median survival time
(Table 2). Survival times varied by age for those with gli-
oblastoma, ranging from 19 months (95% Cl: 17-25) for
Veterans aged 50 years and younger to 4.1 months (95%
Cl: 3.9-4.5) for veterans 70 years and older. For a given
age bracket, Veterans with other gliomas, excluding glio-
blastoma, had a shorter median survival time compared to
Veterans with non-glioma tumors. However, the overall (all
ages) median survival time for Veterans with non-gliomas
was shorter (26 months, 95% Cl: 21-34) than the median sur-
vival time for Veterans with non-glioblastoma gliomas (30
months, 95% Cl: 25-36), which is a logical observation as a
larger portion of non-glioblastoma gliomas occurs in indi-
viduals below 50 years old. Overall, the median follow-up
time for all individuals with malignant tumors was approx-
imately 10 months. Similar trends were seen in the NPCR
survival data, with median survival being lowest in glioblas-
toma, and lowest in individuals over 70 years of age.

The 3-year survival probability of malignant tumors
for Veterans was evaluated in the following age brackets:
<50 years old, 50-69 years old, and > 69 years old. Across
all age groups, Veterans with glioblastoma display the
shortest survival times (Figure 4). For Veterans <50 years
old, Veterans with non-glioblastoma gliomas had a higher

survival probability for each time period compared to
those with other malignant tumors, while Veterans at least
50 years old with other malignant tumors have the highest
survival probabilities starting 6-9 months after diagnosis.

Discussion

To the best of our knowledge, this is the first large-
scale study aimed at examining primary malignant and
nonmalignant primary brain tumor incidence and survival
among Veteran Affairs users across the entire US. While
there has been a previous study assessing the distribu-
tion of brain tumors among the Veteran population,’? that
study was performed at the state level and did not assess
the entire VA population. The study here includes the lar-
gest and most current assessment of the disease burden of
brain tumors among Veterans, a population that is largely
under-reported in US and VA central cancer registries. In
addition, this is one of the first studies aimed at developing
a methodology to calculate cancer incidence rates within
the VA Cancer Registry.

In addition to investigating VA-wide trends, this study
also utilized incidence rates for the US population,

Table2. Median Survival Time (In Months) of Individuals With a Primary Malignant Brain Tumor in VACRS and NPCR (VACRS, 2004-2018; NPCR
Survival Data: Data Provided by CDC’s National Program of Cancer Registries SEER*Stat Database: NPCR Survival Analytic File, 2004-2018)

VACRS

18-49Years
Old

50-69
Years Old

70+Years
Old

Histopathology
Categorization

All Ages

50-69
Years Old

70+Years
Old

18-49Years
Old

All Ages

Glioblastoma 19 (17-25) 9 (8-9) 4 (4-4) 7 (7-8) 19 (18-19) 11 (11-11) 4 (3-4) 9 (9-9)
Glioma (excluding 135 (111-**)  21(18-26) 5 (4-6) 30(25-36) 168 (162-176) 27 (26-28) 4 (4-5) 68 (66-69)
glioblastoma)
Other (Malignant) 180 (126-**) 39 (32-53) 7 (5-13) 26 (21-34)  **(**) 47 (44-50) 4 (4-5) 29 (28-31)
**Median survival not reached.
A Strata ~+ Glioblastoma =+ Glioma (excl. GBM) =+ Other (Malig.) B Strata ~+ Glioblastoma =+ Glioma (excl. GBM) =+ Other (Malig.) C Strata ~+ Glioblastoma =+ Glioma (excl. GBM) =+ Other (Malig.)
1.00 1.00 1.00
z 0.75 z 0.75 = 0.75
Kl 8 Kol
© © ©
Q Q Qo
<] <] [
q 0.50 a 0.50 S 0.50
T = ©
= = 2
2 2 <
@ 0.25 @ 0.25 3 0.25
p < 0.0001 p < 0.0001 p < 0.0001
0.00 0.00 0.00
0 0.5 1 15 2 25 3 0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 25 3
Survival Time (Years) Survival Time (Years) Survival Time (Years)
Number at risk Number at risk Number at risk
@  Glovasomai157 136 106 81 64 49 5 g Globlastoma {1718 1103~ 650 367 248 171 117 @ Globlastoma{949 342 158 74 4 30 18
Soioma (. GBM){352 339 331 315 294 284 266 O Gloma(eciGBM){628 475 393 325 284 247 216 O Gioma(eciGBM{250 113 75 56 45 37 30
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Figure 4. Overall survival for (A) 1849 years old, (B) 5069 years old, and (C) 70 + years old individuals with primary malignant brain tumors in
VACRS (2004-2018).
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generated from CBTRUS data, to serve as a general refer-
ence of the total disease burden of primary brain tumors
in the US. While data from the VA cancer registry are not
systemically reported to all central cancer registries, it is
still plausible that Veterans diagnosed with primary brain
tumors may seek treatment and care, such as surgical
resection, outside of their local VA health center. A 2017
survey found that three-fourths of Veterans received some
aspect of healthcare outside of the VA system.?' Thus, it
is likely that individuals with primary brain tumors may
be reported by the facility to the state central cancer reg-
istry and thus be present in both registries. Due to confi-
dentially issues, Veterans are not identified in CBTRUS
data. Therefore, one cannot assume that VACRS data and
CBTRUS data are truly independent, with previous anal-
ysis at the state level indicating the crossover could be
25%."2 Therefore, statistical assessment of differences be-
tween the 2 sources cannot be performed with the current
datasets. Nonetheless, Veterans represent a small propor-
tion of the total adult US population and should not be con-
tributing a significant bias in the CBTRUS results reported
in this manuscript.

The population demographics of Veterans with a pri-
mary brain tumor differed from the general US popula-
tion. Individuals who were Veterans were primarily white
(78%), male (93%), and between 60 and 64 years old (18%).
In contrast, individuals with a primary brain tumor in the
general US population were mainly female (59%) and be-
tween 18 and 49 years old (28%). These differences are not
unexpected, given the fact that the incidence of a number
of different brain tumor types is different between males
and females, and the distribution of primary brain tumors
in the VACRS is reflective only of the US Veteran popula-
tion available in the study dataset, which are largely male
and over 60.22 Since the Veteran population is not generally
representative of the US population, it is critical to calcu-
late these statistics within this group to truly understand
the overall disease burden in the Veteran population.

The overall AAIR of primary brain tumors from 2004 to
2018 within the VA cancer registry was 11.6. nonmalignant tu-
mors were more common than malignant tumors, occurring
1.63 times more often. The most commonly diagnosed tu-
mors within the VA cancer registry were nonmalignant
pituitary tumors (AAIR 2.96), followed by nonmalignant me-
ningioma (AAIR: 2.62), and glioblastoma (AAIR: 1.96). When
comparing the distribution of histopathological tumor types
between VACRS and CBTRUS, the three most common tu-
mors were the same: Meningioma, pituitary tumors, and
glioblastoma. However, the relative distributions of these
tumor types had large differences. Meningioma was the
most common primary brain tumor in both data sources
but had a much higher frequency in CBTRUS (37%) than
VACRS (27%). This was notable among nonmalignant pri-
mary brain tumors, as the difference in the frequency of
meningioma and pituitary tumors was 30% (54% vs. 24%,
respectively), but only 11% in VACRS (46% vs. 35%, respec-
tively). This disparity can largely be contributed to the sex
distribution within the Veteran population, as meningiomas
are much more common in females.?® When assessing the
histopathology distribution by age and sex, the proportion
of meningioma diagnoses was similar between VACRS
and CBTRUS. There were also large differences seen in

the frequency of glioblastoma between data sources, with
VACRS having a higher proportion of individuals with glio-
blastoma than CBTRUS (14% vs. 23%, respectively). Among
only malignant primary brain tumors, the difference in the
frequency of glioblastoma and other gliomas was much
higher in VACRS (32%, 57% vs. 25%, respectively), than in
CBTRUS (11%, 46% vs. 35%, respectively). Like the differ-
ences seen with meningioma, much of this can be attributed
to the differences in demographic distribution. Glioblastoma
is most common in males and adults over 55 years old%,
which largely represents the VA population. Similarly, when
evaluating distribution of histopathologies across age and
sex, comparable proportions of GBM were seen between
VACRS and CBTRUS. While these differences between
VACRS and CBTRUS can be broadly attributed to the dem-
ographic composition of US Veterans, it is still an important
distinction to note, as this drives the types of primary brain
tumor cases that appear within VA health centers. Statistics
such as these inform VA physicians and clinical staff of the
disease burden of these tumors and optimize preparation
for treatments and referrals.

Differences in overall survival for malignant primary
brain tumors were observed across age groups (18-9 years,
50-69 years, and 70 + years old at diagnosis). In general,
survival outcomes became worse with age and were lowest
among individuals diagnosed with glioblastoma. However,
individuals diagnosed with “other” gliomas (excluding gli-
oblastoma) had better survival outcomes than those diag-
nosed with non-glioma malignant tumors in the 18-49
years-old age group, unlike the other age groups, which
saw the best survival outcomes in individuals with non-
glioma primary brain tumors. This difference in survival
outcomes may be due to a difference in the distribution
of specific histopathologies contained in these grouped
categories across age groups. However, this analysis is
out of the scope of the current manuscript and further in-
vestigation will be required to assess these differences in
greater detail. When examining median survival estimates
there was overall longer median survival in the NPCR data,
particularly in glioma (excluding GBM). These differences
can be attributed to the differences in age distribution be-
tween the VA and the general US population, with the vast
majority of gliomas (excluding GBM) having been diag-
nosed in the 18-49-year-old age group in the NPCR data.
Unsurprisingly, survival for male Veterans (Supplemental
Figure 1) was similar to survival for the overall veteran pop-
ulation, given that 93% of Veterans with brain tumors were
male. When comparing survival across histopathologies in
female Veterans (Supplemental Figure 2) it is similar to the
survival observed for male Veterans with the exception of
Veterans 70+ years old. However, the small number of fe-
male Veterans diagnosed at age 70 or older limits definitive
conclusions to be drawn from these survival curves.

There are a limited number of known risk factors for
primary brain tumors, with ionizing radiation and heredi-
tary disorders being identified.?#?5> As with other cancers,
increased age is also a risk factor.?42¢ Some studies have
suggested that environmental exposures to pesticides
and other environmental toxins may contribute to primary
brain tumor development,®’ though this remains inconclu-
sive. Subsequently, there has been much discussion and
research concerning an increased primary brain tumor
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incidence and mortality among US Veterans.®>'" However,
the 21-year follow-up of Veterans deployed in the Gulf War
showed that rates of primary brain tumor mortality did not
differ from those Veterans who were not deployed, although
those deployed may have had a higher risk in the time im-
mediately following the Gulf War.” Although it is important
to determine if deployment exposure impacts incidence
and mortality, the intent of the current study was to provide
valuable insights into the incidence and survival of primary
malignant and nonmalignant primary brain tumors in the
Veteran population, which can be utilized to inform the de-
velopment of effective prevention and treatment strategies.
While information on exposure, such as branch of military,
time served, and occupation, is of interest, ascertainment,
and analysis of this data are out of the scope of this current
study. Future study in these areas are warranted and has
the potential to provide important information regarding
the Veteran population. The CBTRUS statistics provided
here are solely to provide a known reference of the national
disease burden of primary brain tumors.

This study has some limitations. There is currently no

mechanism that exists for central pathology review of cases
within the US registry system, and histopathology code as-
signment at case registration is based on histopathology
information contained in the individual’s medical record. In
addition, this analysis is limited to Veterans who access a
VA medical center for at least some aspect of their care.The
VHA does not account for Veterans who receive care only
through non-VHA settings and there may not be complete-
ness of case ascertainment. Furthermore, the incidence rates
calculated are based on the annual number of VA users, and
thus may underestimate individuals who generally receive
care from the VA but did not access a VA medical center for
a given year. Information regarding occupation and poten-
tial exposure of the US Veterans was not available. Lastly,
this study was limited to individuals diagnosed from 2004
to 2018, prior to 2004 the collection of central cancer data for
nonmalignant tumors was not mandated.
This study provides a comprehensive overview of the in-
cidence and survival of Veterans diagnosed with primary
malignant and nonmalignant primary brain tumors, who
seek care within the VA health system and are included in
the available dataset. Prior to this study, there have been
no reports on national-level incidence rates and survival
outcomes within the Veteran population. Statistics such as
these provide vital information to VA clinicians, staff, and
researchers that can help drive efforts to understand dis-
ease burden and improve outcomes for individuals with
primary brain tumors.
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Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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