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abstract

PURPOSE State and national cancer registries do not systematically include Veteran data, which hinders analysis
of the diagnosis patterns, treatment trajectories, and clinical outcomes of Veterans compared with non-Veteran
populations. This study used data matching approaches to compare cases included in the Oncology Domain of
the Veterans Affairs (VA) Corporate Data Warehouse and the Ohio Cancer Incidence Surveillance System, using
brain tumors as an exemplar.

METHODS We used direct data matching, on the basis of protected health information (PHI) common to both
databases, to compare primary brain tumors from Veterans and non-Veterans diagnosed from 2000 to 2016.
Working with this matched data set, we used six data elements that did not contain PHI, to assess the feasibility
of using deterministic data matching to compare Veterans and non-Veterans.

RESULTS Between 2000 and 2016, 223 Veterans from Ohio had a primary brain tumor; of those, 55 (25%) were
not included in Ohio Cancer Incidence Surveillance System. Direct data matching showed that Veterans ex-
perienced a greater proportion of glioblastomas (41%) compared with non-Veterans (21%). Sex did not account
for this difference. Deterministic data matching within the matched data set found that 75% (126 of 168) of
Veterans had exact matches for at least five of six non-PHI variables common to both databases.

CONCLUSION This study indicated that direct and deterministic data matching approaches to compare brain tumors
in Veterans and in non-Veterans is feasible. This approach has the potential to promote comparisons of the dis-
tribution of tumors, the impact of chemical and environmental exposures, treatment trajectories, and clinical
outcomes among Veteran and non-Veteran populationswith brain tumors as well as other cancers and rare diseases.
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INTRODUCTION

In the United States, 18.2 million Veterans account for
6.9% of the total population, with about half of Vet-
erans seeking care through the Veterans Health Ad-
ministration (VHA).1,2 Exposure to chemical and
environmental hazards during military service may
increase the risk of several diseases, including an array
of cancers.3 Data describing cancer among Veterans
receiving care at the VHA (henceforward, Veterans)
are reported to the Veterans Affairs Central Cancer
Registry (VACCR), but following a reporting policy
dating to 2007, these data are no longer systematically
included in state and national central cancer registries
(CCRs) because of differences in state-level data use
agreements regarding inclusion of Veteran data.4,5

Both the VACCR and CCRs use precise and ro-
bust case definitions for tracking purposes, but CCRs
record neither Veteran status nor environmental

exposures. Furthermore, some Veterans receive cancer
care both in Veterans Affairs (VA) and non-VA settings,
leading to the potential inclusion and contribution of
these individuals in both the VACCR and state CCRs
(Fig 1). Limitations related to sharing protected health
information (PHI), including Veteran status, can further
confound efforts to recognize Veterans included in both
VACCR and state CCRs. The diagnosis patterns,
treatment trajectories, and clinical outcomes of Vet-
erans with cancer compared with non-Veteran pop-
ulations represent a salient knowledge gap. Especially
for rare conditions, this also hinders recognition of risk
factors for development of cancers that may be specific
to chemical and environmental hazards that Veterans
might have encountered during military service.

The advent of widespread electronic health record
systems offers an opportunity to better ascertain
cancer diagnoses and clinical outcomes among
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specific populations. Specifically, the VA’s national Cor-
porate Data Warehouse (CDW), a data repository compiled
from electronic medical records and updated daily, now
includes an Oncology Domain, with cases abstracted by VA
cancer registrars.6 For each Veteran in the Oncology Do-
main, direct data linkages to the CDW permits access to
robust clinical information. State CCRs, which rely upon
data submitted from electronic health records and cancer
registrars, typically include demographic information and
several parameters specific to the cancer diagnosis. The
development of approaches to compare cases in VACCR
with nonoverlapping cases in state and/or national CCRs
would facilitate comparison of cancer and related metrics
between Veterans and non-Veteran populations.

Previous research suggests that some military exposures
may be associated with brain tumors and that brain tumor
frequency and mortality in the US Veteran population may
be associated with specific periods of deployment. These
exposures include ionizing radiation, nerve agents related
to weapons demolitions, and possibly smoke from oil well
fires.7-10 Using brain tumors as an exemplar, we use data
matching approaches to compare cases included in the VA
CDW and in the Ohio Cancer Incidence Surveillance
System (OCISS), the CCR for Ohio. Brain tumors, while rare
in comparison with other tumor types, contribute dispro-
portionately to morbidity and mortality. Ohio is a populous
state, with demographics, including the proportion of
Veterans (7.3%), similar to the overall US population.1 Our

CONTEXT

Key Objective
Implementation of deterministic data matching approaches to assess the distribution of brain tumors between population-level

registry data and Veteran Affairs data and to assess the representation of Veteran patients in registry data.
Knowledge Generated
Veteran patients were not fully represented in the Ohio state registry, excluding 25% of the patients with brain tumor diagnosed

in the Ohio Veteran Affairs Health Care System. Direct data matching showed that brain tumor distribution differed between
populations, where Veterans experienced a greater proportion of glioblastomas (41%) compared with non-Veterans (21%).

Relevance
This data matching approach has the potential to promote comparisons of the distribution of disease, treatment trajectories,

and clinical outcomes among Veteran and non-Veteran populations with cancer and rare diseases.

VACCR

Veterans who contribute to analysis for
general population without recognition of
Veteran status

Veterans who do not contribute to analysis
of general population

Potential exposure to
chemical and environmental
hazards during military
service

CCR

Represents general population
for state or region

FIG 1. Conceptualmodel of howcancer registriesmay not yield accurate information regarding Veterans. CCRs (blue
circle) do not indicate Veteran status when describing cases. The VACCR (red circle) accounts only for Veterans. Data
sharing agreements between Veterans Affairs Medical Centers and CCRs vary from state to state. Accordingly, the
inclusion of Veterans in CCRs, and their contribution to data analyzed within CCRs, is unknown (purple area), which
hinders the assessment of diagnosis patterns, treatment trajectories, and clinical outcomes of Veterans with cancer
compared with non-Veteran populations. The relative size of the circles shown in this conceptual model does not
accurately represent the number of people included in the Central Cancer Registry comparedwith the VACCR. CCRs,
central cancer registries; VA, Veterans Affairs; VACCR, Veterans Affairs Central Cancer Registry.
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approach involved using both direct data matching, on the
basis of PHI, and deterministic data matching to assess
concordance between data sources, on the basis of data
elements that are common to CCRs and do not contain PHI.

METHODS

Study Design and Data Sources

The Institutional Review Boards at the VA Northeast Ohio
Healthcare System and the Ohio Department of Health
approved the study protocol. We conducted a retrospective
cohort study of primary brain tumors among Ohio residents

from 2000 to 2016. To identify individuals with brain tumors
across Ohio, we used the OCISS. To identify patients who
received care through the VHA (henceforward, Veterans)
with brain tumors, we used the Veterans Affairs Informatics
and Computing Infrastructure to access the Oncology
Domain within the CDW.

Case Definition for Patients With Brain Tumor

Inclusion criteria were people age ≥ 18 years who were
diagnosed with a brain tumor in Ohio. Cases were defined
as individuals with a primary brain tumor, identified using
the administrative criteria on the basis of International

TABLE 1. Characteristics of Veterans and Non-Veterans With Primary Brain Tumors From Ohio, OCISS and VA Oncology Domain, 2000-2016

Characteristic

All Ohio Males Only

Veterans,a

(n = 223)
Non-Veterans,b

(n = 30,681) P
Veterans,a

(n = 214)
Non-Veterans,b

(n = 13,172) P

Age, mean (6SD) 60.9 (611.9) 59.0 (617.0) .023 61.2 (611.9) 57.9 (616.5) , .001

Male, No. (%) 214 (96.0) 13,172 (43) , .001 214 (100) 13,172 (100) —

Race, No. (%) .034 .003

White 187 (83.9) 26,789 (87.3) 179 (83.6) 11,648 (88.4)

Black 34 (15.2) 3,206 (10.4) 33 (15.4) 1,207 (9.2)

Othersc 2 (0.8) 686 (2.2) 2 (0.9) 317 (2.4)

Primary brain tumor cases 223 30,791 214 13,217

Histology, No. (%) , .001 , .001

Glioblastoma 92 (41.3) 6,345 (20.6) 89 (41.6) 3,547 (26.8)

Meningioma 40 (17.9) 10,581 (34.4) 36 (16.8) 2,803 (21.2)

Nerve sheath tumors 14 (6.3) 2,509 (8.1) 14 (6.5) 1,213 (9.2)

Diffuse astrocytoma 11 (4.9) 927 (3.0) 11 (5.1) 520 (3.9)

Tumors of the pituitary 10 (4.5) 3,919 (12.7) 10 (4.7) 1847 (14.0)

Lymphoma 9 (4.0) 726 (2.4) 8 (3.7) 360 (2.7)

Othersd 47 (21.1) 5,784 (18.8) 46 (21.5) 2,927 (22.1)

Anatomic site, No. (%) , .001 , .001

Frontal lobe 46 (20.6) 3,177 (10.3) 45 (21.0) 1,655 (12.5)

Meninges 35 (15.7) 10,503 (34.1) 31 (14.5) 2,789 (21.1)

Temporal lobe 33 (14.8) 2,312 (7.5) 32 (15.0) 1,350 (10.2)

Parietal lobe 27 (12.1) 1,484 (4.8) 25 (11.7) 783 (5.9)

Cranial nerves 11 (4.9) 1796 (5.8) 11 (5.1) 842 (6.4)

Pituitary and craniopharyngeal duct 10 (4.5) 4,179 (13.6) 10 (4.7) 1971 (14.9)

Otherse 61 (27.4) 7,340 (23.8) 60 (28.0) 3,827 (29.0)

Abbreviations: OCISS, Ohio Cancer Incidence Surveillance System; SD, standard deviation; VA, Veterans Affairs.
aObtained from VA oncology domain.
bOCISS data with data describing Veteran data removed.
cOther race: American Indian or Alaskan Native, Asian or Pacific Islander, and Unknown.
dOther histology: all other based on International Classification of Diseases for Oncology, Third Edition (ICD-O-3) anatomic site, histology, and behavior

codes; Anaplastic Astrocytoma; Anaplastic Oligodendroglioma, Choroid Plexus Tumors; Craniopharyngioma; Embryonal Tumors; Ependymal Tumors; Germ
Cell Tumors, Cysts and Heterotopias; Glioma Malignant, NOS; Hemangioma; Mesenchymal Tumors; Neoplasm Unspecified; Neuronal and Mixed Neuronal
Glial Tumors; Oligoastrocytic Tumors; Oligodendroglioma; Other Hemopoietic Neoplasms; Other Neoplasms Related to the Meninges; Other Neuroepithelial
Tumors; Other Tumors of Cranial and Spinal Nerves; Pilocytic Astrocytoma; Primary Melanocytic Lesions; Tumors of the Pineal Region; Unique Astrocytoma
Variants.

eOther anatomical site: brain stem, cerebellum, cerebrum, occipital lobe, olfactory tumors of the nasal cavity, pineal, spinal cord and cauda equina,
ventricle.
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Classification of Diseases for Oncology, Third Edition (ICD-
O-3) anatomic site, histology, and behavior codes as de-
fined by the Central Brain Tumor Registry of the United
States.11 For each case, we obtained patient identifying
information (name, date of birth, and social security
number) and data that did not include PHI, which cate-
gorized into six data elements: sex, county of residence,
year of diagnosis, age at diagnosis, brain tumor histology
and behavior, and anatomic site location. Veterans were
defined as individuals identified in the VA Oncology Do-
main. Non-Veterans were defined as individuals who
appeared only in the OCISS data set. Infrequently, a single
individual may represent more than one case if they had
more than one primary brain tumor (eg, a glioblastoma and
a meningioma). For these individuals, we used demo-
graphic information from their first diagnosed brain tumor.

Data Matching Methods

Direct data matching. We used PHI (name, date of birth,
and social security number) to identify individuals with
brain tumors who were present in the VA Oncology Do-
main and in OCISS. These Veterans were then excluded
from subsequent analysis of the OCISS data, permitting

comparison of brain tumor histology among Veterans with a
non-Veteran population.

Deterministic data matching. To determine the feasibility of
estimating the overlap represented by Veterans included in
both the VA Oncology Domain and OCISS, we further
assessed concordance of data elements reported in both
databases that did not include PHI and are commonly
reported in tumor registries. For Veterans present in both
the VA Oncology Domain and OCISS, we matched data at
two levels of stringency. The first required exact matches for
sex, county of residence, year of diagnosis, and age (in
years) at diagnosis. The second used caliper matching on
numeric variables in which we permitted a difference of one
between year of diagnosis and age (in years) at diagnosis.

Statistical Methods

We used descriptive statistics to summarize Veterans and
non-Veterans with primary brain tumors. Student’s t-test
and chi-squared test were used to assess for difference in
continuous and categorical variables, respectively, in-
cluding sex and age. Statistical analyses were performed
using R (version 3.5.2; Vienna, Austria).
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FIG 2. Distribution of tumor histology and anatomic site for individuals fromOhio with brain tumors, 2000-2016. Data describing Veterans who came
from the VA Oncology Domain. Data describing non-Veterans who came from the Ohio Cancer Incidence Surveillance System after excluding
Veterans: (A) general adult population of Ohio and (B) adult males from Ohio. VA, Veterans Affairs.
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RESULTS

Direct Data Matching

Between 2000 and 2016, 223 Veterans from Ohio had
primary brain tumors. Of those, 168 (73%) were repre-
sented in OCISS (VA + OCISS) with the remaining 55 (27%)
reported only in the VA Oncology Domain (VA only; Ap-
pendix Table A1). Differences in brain tumor histology
existed between these two groups, with a greater proportion
of glioblastomas among those in the VA + OCISS versus the
VA only group (48% v 20%, respectively). Comparison of
the proportion of cases that were in VA only group did not
appear to change after 2007, which is when the VA policy
regarding sharing data with CCRs changed.

Brain Tumor Histology in Veterans and Non-Veterans

After excluding Veterans from the OCISS, a total of 30,681
non-Veterans in Ohio were diagnosed with a primary brain
tumor between 2000 and 2016; 110 non-Veterans had
more than one primary brain tumor (Table 1). The Veteran
population was predominantly male (96%), whereas the
non-Veterans had a slight female predominance (57%).
Histology distribution differed significantly between groups

(P , 0.001), with glioblastomas representing a greater
proportion of cases among Veterans than non-Veterans
(41% v 21%, respectively) and meningiomas a smaller
proportion (18% v 34%, respectively; Fig 2). However, to
account for overall differences in the VA and general
population, this difference in histology distribution was
assessed in males age 55-65 years and resolved (P = .063;
Appendix Table A2). The distribution of the anatomic sites
involved was consistent with tumor histology, with Veterans
having the greatest proportion of tumors in the frontal lobe
(21%) and non-Veterans having the greatest proportion of
tumors in the meninges (34%). Given that the majority of
Veterans were male, we further assessed the brain tumor
histology specifically among male Veterans and non-
Veterans. Within this subset, Veterans still experienced a
greater proportion of glioblastomas compared with non-
Veterans (42% v 27%, respectively). Similarly, male Vet-
erans had a greater proportion of brain tumors in their
frontal lobes (21%) compared with male non-Veterans, for
whom the meninges were the most common site (21%).

Deterministic data matching. Recognizing that restrictions
related to PHI can render direct data matching impractical,
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FIG 3. Concordance of variables devoid of protected health information present in both the VA Oncology Domain and the Ohio Cancer Incidence
Surveillance System. The large rectangle represents the 168 Veterans present in both databases, with each individual represented as a column. White
indicates a match; blue indicates a mismatch. The colored bar across the top of each panel is the number of patients with matches represented by the
following color: six of six matches, teal; five of six matches, light orange; four of six matches, purple; three of six matches, blue; and two of six matches;
dark orange. (A) Exact match required. (B) Caliper matching permitting a difference of one for age at diagnosis and year of diagnosis; red represents
matches under less stringent requirements. *Two patients. VA, Veterans Affairs.
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we used data elements that do not include PHI to assess for
deterministic matches between patients in the VA Oncology
Domain and the OCISS. Working within the known cohort of
168 Veterans included in both data sets (ie, already
matched by name, date of birth, and social security
number), we assessed for matches using six data elements
that did not include PHI: sex, county of residence, year of
diagnosis, age at diagnosis, brain tumor histology and
behavior, and anatomic site. Overall, the concordance
between data sets was highest for sex (100%) and lowest
for anatomic site (58%; Fig 3). When requiring exact
matches, 65 of 168 cases (39%) were concordant for six of
six variables, 61 (36%) for five of six variables, and 30
(18%) for four of six variables. With caliper matching on
numeric variables that allowed for a difference of one for the
year of diagnosis and for the age at diagnosis, greater
concordance was observed, with 76 of 168 cases (45.2%)
matched on six of six variables, 63 (37.5%) on five of six
variables, and 21 (12.5%) on four of six variables. Further
examination of the eight cases with three or fewer matched
variables indicated that for both anatomic site and tumor
histology, the mismatches were due to less specific codes
used in OCISS compared with VA Oncology. For example, for
six cases that were listed in OCISS as brain, not otherwise
specified, VA Oncology data reported the following anatomic
sites: two frontal lobe, two temporal lobe, one cerebellum,
and one meninges. We observed similar discrepancies for
mismatches in descriptions of tumor histology.

DISCUSSION

In the datamatching approach presented here, we used brain
tumors as an exemplar to compare Ohio Veterans and non-
Veterans in Ohio over a 17-year time frame. To our knowl-
edge, this study is the first report to compare the distribution of
brain tumor histology between Veteran and non-Veteran
populations. Furthermore, this report provides insights into
the potential feasibility and limitations involved in applying
data matching to other cancers using the same databases or
to other conditions using other disease-focused databases.

For CCRs that include PHI, our approach demonstrates that
data matching can definitively identify Veterans within larger
cancer registries that describe the general population. This,
in turn, facilitates a more specific comparison of Veterans
with non-Veteran populations, permitting detection of clini-
cally relevant differences between these groups. We also
assessed the feasibility of using a deterministic data
matching approach to account for CCRs that do not include
PHI, including the National Cancer Institute Surveillance,
Epidemiology, and End Results (SEER) Program.12 Working
within a limited and previously matched data set of 168
cases, we found that 75% (126 of 168) of the individuals had
at least five of six variables in common between both da-
tabases. Decreasing the stringency slightly improved the
concordance for at least five of six variables to 83% (139 of
168). These results indicate that a deterministic data
matching approach between the VA Oncology Domain and

CCRs may not only be feasible but also requires further
refinement. For brain tumors, those refinements include
appropriately matching specific and nonspecific tumor
histology and anatomic sites. For other cancers, content
matter experts could develop similarly tailored refinements.

Our analysis revealed three findings specific to brain tu-
mors among Veterans. First, 25% of Veterans with brain
tumors were not represented in OCISS. This under-
representation may be an unintended consequence of
policies meant to safeguard Veteran data, and the extent to
which this extends to other cancers is unknown.4 Second,
the Veterans included only in the VA Oncology Domain had
a higher proportion of meningiomas (34.5%), whereas
those in both the VA and OCISS had a higher proportion of
glioblastomas (48.2%). These differences likely reflect the
clinical approaches specific to these brain tumors. Me-
ningiomas tend to be slow growing and are diagnosed by
imaging modalities available at VA medical centers.13

Veterans with meningiomas may not need care outside
of the VA system and therefore only have their case re-
ported to the VACCR. By contrast, the diagnosis and clinical
care of individuals with a glioblastoma involve a biopsy and,
when possible, surgical resection.14 Across the studied
years, none of the VA medical centers in Ohio offer neu-
rosurgical services. Veterans with concerns for glioblas-
toma would be referred to a non-VA hospital with
neurosurgical specialty care, leading to that hospital in-
cluding them in OCISS. Finally, Veterans had a greater
proportion of glioblastomas compared with non-Veterans, a
difference that persisted after limiting the analysis to males.
On the basis of the limited understanding of risk factors for
developing brain tumors, the potential reasons for the
disproportionate representation of glioblastomas in the
Veteran population are unknown.

Our work has limitations. First, data from the VA Oncology
Domain have not undergone standardization and aggre-
gation to registry specifications such as those used for
OCISS. The analysis presented here was primarily based on
ICD-O codes; for cases with discrepancies between the
databases, the VA Oncology Domain typically had more
specific information. Second, our analysis is limited to
Veterans who access at least some aspects of their health
care through a VA medical center. The VHA is not able to
account for Veterans who may elect to receive their care
only through non-VHA health care settings. Third, our
analysis only assesses brain tumors among individuals from
a single state. Ohio has four VA medical centers and is the
seventh most populous state with urban, suburban, and
rural communities; therefore, for this exploratory analysis, it
offers a reasonable representation of other locales in the
United States. Finally, brain tumors are very rare and in-
vestigation on more common cancer types, such as
prostate and lung cancer, would be beneficial to further
evaluate this methodology.
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Despite these limitations, our study was able to use a data
matching algorithm to detect meaningful differences in
the distribution of brain tumor histology between Veterans
and non-Veterans in Ohio as well as notable gaps between
the VA Oncology Domain and OCISS. The inability to re-
liably include and identify Veterans at the state registry
level will result in inaccuracies in cancer surveillance,
reporting, and recommendations at the state and national
levels. Further work on developing algorithms to account
for Veteran data when considering state and national

cancer registry data sets that report on treatment trajec-
tories and outcomes is needed. Our study raises the
possibility that deterministic data matching may be a vi-
able approach that would promote investigations that
compare the distribution of tumors, impact of chemical
and environmental exposures, treatment trajectories, and
clinical outcomes among Veteran and non-Veteran pop-
ulations. Future studies may benefit from adopting
probabilistic matching approach to expand on this, par-
ticular when PHI is not available.
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APPENDIX

TABLE A1. Characteristics of Veterans Only Represented in the VA Oncology Domain and OCISS and Veterans Represented Only in the VA Oncology Domain
Data, 2000-2016a

Characteristic VA + OCISS (n = 168) VA Only (n = 55) P

Age, mean (6SD) 61.32 (611.30) 59.51 (613.44) .370

Male, No. (%) 163 (97.0) 51 (92.7) .217

Race, No. (%) .206

White 137 (81.5) 50 (90.9)

Black 29 (17.3) 34 (15.2)

Othersb 2 (1.2) 0 (0)

Primary brain tumor cases

Histology, No. (%) , .001

Glioblastoma 81 (48.2) 11 (20.0)

Meningioma 21 (12.5) 19 (34.5)

Nerve sheath tumors 10 (6.0) 4 (7.3)

Diffuse astrocytoma 8 (4.8) 3 (5.5)

Tumors of the pituitary 7 (4.2) 3 (5.5)

Lymphoma 9 (5.4) 0 (0)

Othersc 32 (19.0) 15 (27.3)

Anatomic site, No. (%) , .001

Frontal lobe 40 (23.8) 6 (10.9)

Meninges 18 (10.7) 17 (30.9)

Temporal lobe 31 (18.5) 2 (3.6)

Parietal lobe 24 (14.3) 3 (5.5)

Cranial nerves 7 (4.2) 4 (7.3)

Pituitary and craniopharyngeal duct 7 (4.2) 3 (5.5)

Othersd 41 (24.4) 20 (36.4)

Abbreviations: OCISS, Ohio Cancer Incidence Surveillance System; SD, standard deviation; VA, Veterans Affairs.
aAll data presented is sourced from the VA oncology domain.
bOther race: American Indian or Alaskan Native, Asian or Pacific Islander, and Unknown.
cOther histology: all other based on International Classification of Diseases for Oncology, Third Edition (ICD-O-3) anatomic site, histology, and behavior

codes; Anaplastic Astrocytoma; Anaplastic Oligodendroglioma, Choroid Plexus Tumors; Craniopharyngioma; Embryonal Tumors; Ependymal Tumors; Germ
Cell Tumors, Cysts and Heterotopias; Glioma Malignant, NOS; Hemangioma; Mesenchymal Tumors; Neoplasm Unspecified; Neuronal and Mixed Neuronal
Glial Tumors; Oligoastrocytic Tumors; Oligodendroglioma; Other Hemopoietic Neoplasms; Other Neoplasms Related to the Meninges; Other Neuroepithelial
Tumors; Other Tumors of Cranial and Spinal Nerves; Pilocytic Astrocytoma; Primary Melanocytic Lesions; Tumors of the Pineal Region; Unique Astrocytoma
Variants.

dOther anatomical site: brain stem, cerebellum, cerebrum, occipital lobe, olfactory tumors of the nasal cavity, pineal gland, spinal cord and cauda equina,
ventricle.
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TABLE A2. Characteristics of Veterans and Non-Veterans With Primary Brain Tumors From Ohio, Males Only, Age 56-65 Years, OCISS and VA Oncology
Domain, 2000-2016
Characteristic Veterans,a (n = 78) Non-Veterans,b (n = 3,097) P

Age, mean (6SD) 60.3 (62.8) 60.5 (62.9) .534

Male, No. (%) 78 (100) 3,097 (100)

Race, No. (%) .769

White 69 (88.5) 2,732 (88.2)

Black 8 (10.3) 288 (9.3)

Othersc 1 (1.3) 77 (2.5)

Primary brain tumor cases 78 3,106

Histology, No. (%) .063

Glioblastoma 35 (44.8) 1,053 (33.9)

Meningioma 13 (16.7) 631 (20.3)

Nerve sheath tumors 5 (6.4) 294 (9.5)

Diffuse astrocytoma 4 (5.1) 87 (2.8)

Tumors of the pituitary 4 (5.1) 477 (15.4)

Lymphoma 4 (5.1) 92 (3.0)

Othersd 13 (17) 472 (15.2)

Anatomic site, No. (%) .001

Frontal lobe 20 (25.6) 378 (12.2)

Meninges 11 (14.1) 622 (20.0)

Temporal lobe 12 (15.4) 350 (11.3)

Parietal lobe 4 (5.1) 174 (5.6)

Cranial nerves 2 (2.6) 206 (6.6)

Pituitary and craniopharyngeal Duct 4 (5.1) 505 (16.3)

Otherse 25 (32.1) 871 (28.0)

Abbreviations: OCISS, Ohio Cancer Incidence Surveillance System; SD, standard deviation; VA, Veterans Affairs.
aAll VA oncology domain.
bOCISS data with all known Veteran data removed.
cOther race: American Indian or Alaskan Native, Asian or Pacific Islander, and Unknown.
dOther histology: all other based on International Classification of Diseases for Oncology, Third Edition (ICD-O-3) anatomic site, histology, and behavior

codes; Anaplastic Astrocytoma; Anaplastic Oligodendroglioma, Choroid Plexus Tumors; Craniopharyngioma; Embryonal Tumors; Ependymal Tumors; Germ
Cell Tumors, Cysts and Heterotopias; Glioma Malignant, NOS; Hemangioma; Mesenchymal Tumors; Neoplasm Unspecified; Neuronal and Mixed Neuronal
Glial Tumors; Oligoastrocytic Tumors; Oligodendroglioma; Other Hemopoietic Neoplasms; Other Neoplasms Related to the Meninges; Other Neuroepithelial
Tumors; Other Tumors of Cranial and Spinal Nerves; Pilocytic Astrocytoma; Primary Melanocytic Lesions; Tumors of the Pineal Region; Unique Astrocytoma
Variants.

eOther anatomical site: Brain stem, cerebellum, cerebrum, occipital lobe, olfactory tumors of the nasal cavity, pineal gland, spinal cord and cauda equina,
ventricle.
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