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A number of reports have indicated an increasing inci-
dence of primary brain tumors over the past few decades.
The purpose of this study was to describe incidence rate
trends in a population-based series of newly diagnosed
primary nonmalignant and malignant brain and other
CNS tumors, contributing five additional years to pre-
viously published incidence trends. Data for the years
1985 through 1999 from six collaborating state cancer
registries of the Central Brain Tumor Registry of the
United States were used to determine incidence trends in
the broad age groups 0-19, 20-64, and =65 years, over-
all and for selected histologies. Multiplicative Poisson
regression was used to express trends as average annual
percent change (AAPC). Joinpoint regression was used to
identify sharp changes in incidence occurring over this
period. Overall, incidence increased modestly (AAPC,
1.1; 95% CI, 0.8-1.4). When brain lymphomas were
excluded, this increase remained statistically significant.
A sharp change in incidence of brain lymphomas from
increasing to decreasing over time was identified. Spe-
cific histologies that were increasing included anaplastic
astrocytomas in individuals aged =65 years, microscopi-
cally confirmed gliomas in both adult age groups, and
microscopically confirmed glioma, not otherwise speci-
fied (NOS), in children. Increases that were not specific
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to any population subgroup were seen for oligodendro-
gliomas, ependymomas, meningiomas, and nerve sheath
tumors. Decreases were noted for astrocytoma, NOS,
nonmicroscopically confirmed gliomas, and pituitary
tumors. Improvements in diagnosis and classification are
likely reflected in the decreasing trends in unspecified gli-
oma subgroups and the accompanying increasing trends
in more specific glioma subgroups. However, increases
in meningiomas and nerve sheath tumors deserve further
attention. Neuro-Oncology 8, 27-37, 2006 (Posted to
Neuro-Oncology [serial online], Doc. 05-032, Decem-
ber 5, 2005. URL http://neuro-oncology. mc.duke.edu;
10.1215/51522851705000323)

Keywords: brain tumors, epidemiology, incidence,
trends

eports from the late 1980s and early 1990s indi-
Rcared that brain tumor incidence was increas-

ing over time in children (Blair and Birch, 1994;
Bunin et al., 1996; Gurney et al., 1996; Hjalmers er al.,
1999: McKinney et al., 1994; Smith et al., 1998) as well
as in the elderly (Ahsan et al., 1995; Greig et al., 1990;
Legler et al., 1999; Mao et al., 1991; Polednak, 1991;
Polednak and Flannery, 1995; Werner et al., 1995). Study
results have included overall increases (Blair and Birch,
1994; Bunin et al., 1996; Greig et al., 1990; Gurney
et al., 1996; Mao eral., 1991; McKinney et al., 1994;
Polednak, 1991; Werner eral., 1995) as well as histology-
specific increases (Blair and Birch, 1994; Bunin et al.,
1996; Gurney et al., 1996; Hjalmers et al., 1999; McK-
inney et al., 1994; Werner et al., 1995). Some authors
have attributed the increase in brain tumor incidence
to improvements in diagnostic technology (Davis et al.,
1991; Desmeules et al., 1992; Legler et al., 1999, Mosso
et al., 1992; Radhakrishnan et al., 1995; Smith et al.,
1998: Steinberg, 1986; Steinberg et al., 1985). However,
whether the entire increase in brain tumor incidence can
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be attributed to these changes is still debated (Desmeules
etal.,, 1992; Forman, 1999; Legler et al., 1999; Smith et
al, 1998; Varner, 1999).

A recent report on the incidence trends of adult pri-
mary intracerebral tumors in Denmark, Finland, Nor-
way, and Sweden suggested that the average annual
increase in incidence overall was 0.6% for men and
0.9% for women between 1969 and 1998 (Lénn et al.,
2004a). The increase in incidence was confined to the
late 1970s and early 1980s, coinciding with the intro-
duction and widespread use of improved diagnostic
methods, and was most apparent in the 60- to 79-year
age group. The authors go on to report that since 1983
the incidence of adult primary intracerebral tumors has
remained relatively stable for both men and women.
Another recent study that investigated incidence trends
of childhood and adult brain/CNS tumors in Norway
from 1970 through 1999 reported that the overall rate
increased during the study period. A continuing increase
in the five-year period up to 1999 may be seen in the age
groups 0—4 years and =60 years, but the study indicated
a trend of leveling off in incidence of most tumor catego-
ries (Johannesen et al., 2004).

This present report describes overall and histology-
specific incidence rate trends in a population-based
series of primary benign and malignant brain and other
CNS tumors in the United States, and it presents trends
specific to certain age groups, gender, race, and micro-
scopic confirmation. Our previously published incidence
trends using data of the Central Brain Tumor Registry
of the United States (CBTRUS)? (Jukich et al., 2001)
showed the incidence rate of brain/CNS tumors to have
increased 0.9% per year between 1985 and 1994. Here,
we contribute five additional years of tumor registry
data to determine whether incidence rates in the United
States are following the pattern of stabilization of rates
seen in the European registries or whether they are con-
tinuing to change over time.

Materials and Methods

Data and Variable Definitions

Details of the data compilation have been described pre-
viously (Jukich et al., 2001). Briefly, the six following
population-based state cancer registries provided data
on all incident primary brain tumors diagnosed in the
entire 15-year period of 1985 through 1999 and were
compiled as part of CBTRUS: the Connecticut Tumor
Registry, Delaware State Tumor Registry, Cancer Data
Registry of Idaho, Massachusetts Cancer Registry, Mon-
tana Central Tumor Registry, and Utah Cancer Registry.
Primary tumors with the following topography codes
from the International Classification of Diseases for
Oncology (ICDO) were included in the analysis (Percy et
al., 1990): C70.0 to C70.9 (meninges), C71.0 to C71.9
(brain), C72.0 to C72.9 (spinal cord, cranial nerves, and
other parts of the CNS), and C75.1 to C75.3 (pituitary
gland, craniopharyngeal duct, and pineal gland). The
histology subgroups, with corresponding ICDO four-
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digit histology codes, were defined as follows (Percy et
al., 1990): glioblastoma (9440-9442, 9481); astrocy-
toma, NOS (9400); anaplastic astrocytoma (9401, 9411);
diffuse astrocytoma (9410, 9420); pilocytic astrocytoma
(9421-9422); oligodendroglioma (9450); anaplastic oli-
godendroglioma (9451, 9460); medulloblastoma/primi-
tive neuroectodermal tumor (8963, 9363-9364, 9470—
9473, 9501-9503); ependymoma, total (9391-9394),
mixed glioma (9382); glioma, NOS (9380); meningioma
(9530-9534, 9537-9539); nerve sheath (9540-9541,
9550, 9560-9561, 9570); piruitary (8022, 8040, 8140,
8146, 8246, 8260, 8270-8271, 8280-8281, 8290, 8300,
8310, 8323, 8333-8334); craniopharyngioma (9350);
lymphoma (9590-9595, 9650, 9652-9655, 9659, 9661-
9665, 9667, 9670-9677,9680-9687, 9690-9696, 9698,
9701-9702,9705-9707, 9711-9714, 9720, 9723, 9731,
9740-9741, 9766, 9827, 9830, 9861, 9930, 9970); and
neoplasm, unspecified (8000-8004, 8010, 8021). All
primary tumors of the brain/CNS with ICDO behavior
codes 0 (benign), 1 (uncertain), and 3 (malignant) were
included. Available information included year of diag-
nosis, age at diagnosis, gender, race, ICDO site code,
and diagnostic confirmation. Data quality was assessed
by use of EditWriter and EDITS software developed by
the Centers for Disease Control and Prevention to edit
cancer registry data (CDC, 1997). Data were edited by
using a brain tumor-specific EDITS metafile, a com-
piled database that contains all the logic and values
required to check fields of data for validity (e.g., identify
illogical or impossible site, morphology, and/or behavior
combinations).

Population data for each region and U.S. standard
population data were obtained from the Surveillance,
Epidemiology, and End Results (SEER) Program of the
National Cancer Institute Web site (http://seer.cancer
.gov/popdata) and were made available by the U.S. Cen-
sus Bureau. Incidence rates were age-adjusted by using
the direct method and, by five-year age groupings, were
standardized to the year 2000 U.S. standard population.

Tumors were considered “confirmed” or “not con-
firmed’ according to the SEER Program Code Manual
(Fritz and Ries, 1998): Diagnostic confirmation codes
indicating positive histology (1), positive cytology, no
positive histology (2), and positive microscopic con-
firmation, method not specified (4) were considered
microscopically confirmed. Codes indicating positive
laboratory test/marker study (5), direct visualization
without microscopic confirmation (6), radiography and
other imaging techniques without microscopic confir-
mation (7), clinical diagnosis only (8), and unknown
whether or not microscopically confirmed (9) were con-
sidered not microscopically confirmed.

Statistical Analysis

Descriptive information was tabulated for total numbers
of tumors by age group, gender, race, tumor behavior,
histology, and diagnostic confirmation. The proportion
of microscopically confirmed tumors was tabulated for
each year by state and age group.

Multiplicative Poisson regression, in which the log



incidence rate (outcome variable) was calculated as a lin-
ear function of the variables and the data was assumed
to have the Poisson error distribution, was used to sta-
tistically compare trends over time (Esteve et al., 1994).
Results using rates as an outcome variable in the expres-
sion model are commonly expressed as the average per-
cent change over each time period (based on the param-
eter estimate for time in the model). Average annual
percent change (AAPC) is a measure of the estimated
yearly percent change in incidence rates over a specified
time interval. Trends in histology groups were individu-
ally assessed, and factors that may influence rates by
affecting classification (e.g., NOS categories) or diagnos-
tic accuracy (e.g., microscopic confirmation) were evalu-
ated. Models were fit by using the PROC GENMOD
procedure in the SAS software system, release 8.02 (SAS
Institute, 1999). The independent variable of interest was
time, expressed as year of tumor diagnosis and coded as
a continuous variable. Predictors were age group, gen-
der, race, and microscopic confirmation. Age group was
coded as a categorical variable for the broad age groups
of 0-19, 20-64, and =65 years old. Indicator variables
were used for gender, race, and microscopic confirma-
tion. Trends were expressed as AAPC over the 15-year
period, with corresponding two-sided 95% Cls. Models
were fit for total brain tumors and for the histologic sub-
groups. Hierarchical models with two-way and/or three-
way interaction terms for year with age group, gender,
race, and microscopic confirmation were assessed. When
interaction terms were statistically significant (P < 0.05),
separate AAPCs were listed for the fully adjusted model
(without interaction terms), as well as for the appropri-
ate age group, gender, or race strata (with the statisti-
cally significant interaction terms). When data became
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too sparse for stratification and/or three-way interaction,
the highest level of stratification/interaction that gave
informative results was reported. All final models were
adjusted for age group, gender, race, and microscopic
confirmation. Selected age-specific and age-adjusted
estimates were graphed to illustrate trends in incidence
over time. Incidence rates for CBTRUS data have been
published elsewhere (CBTRUS, 2004-2005; Jukich, et
al., 2001; Surawicz et al., 1999, 2000).

Joinpoint regression software was obtained from the
Web site of the Statistical Research Applications Branch of
the National Cancer Institute (srab.cancer.gov/joinpoint)
and was used to identify any sharp changes in incidence
occurring over the period analyzed (Kim et al., 2000).
Joinpoints correspond to the point in time of a change in
trend where several different lines come to a juncture. The
software fits the simplest joinpoint model that the data
will allow using a series of permutation tests.

Results

Description of Data

The data included 25,258 primary brain and other CNS
tumors (Table 1). Nine percent of the tumors occurred in
children (0-19 years), while the majority (53%) occurred
in the 20- to 64-year age group, and the remaining 38%
occurred in the elderly (=65 years). The percentage of
brain tumors in this data was similar by gender, but
occurrence was primarily in white persons because of
the population composition of the participating states.
Overall, 86% of the tumors had a microscopically
confirmed diagnosis. The percentage fluctuated from

Table 1. Characteristics by histology of primary brain and other CNS tumors diagnosed in 1985-1999

from six U.S. state cancer registries?

Age at Diagnosis (%)

Total Female White % Micro.
Histology (N) (%) (%) 0-19 20-64 =65 Confirmed
Glioblastoma 6,169 44 97 1 48 51 92
Astrocytoma, total 4,108 45 95 20 55 25 97
Oligodendroglioma 770 46 95 9 79 12 98
Medulloblastoma/PNET 477 40 93 70 29 1 29
Ependymoma 475 39 93 29 62 9 98
Mixed glioma 279 42 94 11 79 10 100
Glioma, NOS 830 49 94 24 38 38 45
Meningioma® 5,283 72 91 1 49 50 83
Nerve sheath® 1,098 54 92 3 76 21 93
Pituitary® 1,430 50 92 5 68 27 87
Craniopharyngioma® 139 53 91 26 58 16 96
Lymphoma 1,041 42 20 2 61 37 90
Neoplasm, unspecified 951 55 95 7 28 65 20
Total 25,258 52 94 9 53 38 86

Abbreviations: NOS, not otherwise specified; micro., microscopically; PNET, primitive neuroectodermal tumor.

aStudy population was taken from population-based state cancer registries in Connecticut, Delaware, Idaho, Massachusetts, Montana,

and Utah.
bIncludes data from five of six registries.

“Includes histologies not listed in the table.
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Fig. 1. Incidence rates of primary brain tumors by calendar year and ethnicity from six U.S. state
cancer registries. Rates are age-adjusted to the 2000 U.S. standard population.

a low of 83% in 1986 to a high of 88% in 1995 and
showed no significant changes by registry or era. Micro-
scopic confirmation differed by tumor histology, rang-
ing from 20% for neoplasm, unspecified, to 100% for
mixed glioma. Overall incidence rates for brain/CNS
tumors by year of diagnosis, with and without brain
lymphomas, and by race are presented in Fig. 1.

Overall Incidence Trends

The results of Poisson regression analysis for all primary
brain/CNS tumors, with and without lymphomas, are
listed in Table 2. Overall, the incidence of all primary
brain/CNS tumors was modestly increasing, with an
AAPC of 1.1% (95% CI, 0.8-1.4). When brain lympho-
mas were removed from the analysis, the overall increase
in incidence remained statistically significant, though the
trend was specific to whites. There were no significant
interactions for age, gender, and microscopic confirma-
tion for all primary brain/CNS tumors combined.

Table 2. Overall incidence rate trends by AAPC for primary brain
tumors from six U.S. state cancer registries*

Number of 95% Cls
Subgroup Cases AAPC (%)  for AAPC
All brain/CNS tumors 25,258 1.1 0.8,1.4
All brain/CNS tumors,
excluding lymphoma 24,217 0.9 0.6,1.2
White 22,795 1.0 0.7,1.3
Nonwhite 1,422 -0.5 -1.7,0.7

Abbreviation: AAPC, average annual percentage change; CLs, confidence limits.

*All models are Poisson regression and were adjusted for age group, gender, race,
and microscopic confirmation.
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Histology-Specific Incidence Trends

The results of Poisson regression analysis for histology-
specific brain/CNS tumors are presented in Tables 3 and
4. The incidence of oligodendrogliomas, ependymomas,
and brain lymphomas was increasing overall. Joinpoint
regression analysis identified a sharp change in incidence
over time for brain lymphomas (Fig. 2), with an increase
in incidence observed from 1985 to 1996 (AAPC, 10.2;
95% confidence limits [CLs], 6.7, 13.7) and a decrease in
incidence from 1996 to 1999 (AAPC, -20.0; 95% CLs,
-35.4,-0.9). There were no significant trends specific to
age, gender, race, or microscopic confirmation for these
tumors.

The incidence of total astrocytomas (AAPC, -3.3;
95% CLs, —4.0, -2.6 [Table 3]) and neoplasm, unspeci-
fied (AAPC, -3.3; 95% CLs, —4.8, -1.9 [data not
shown]) was decreasing overall. Driving the decrease in
total astrocytoma incidence is the significantly decreas-
ing incidence of astrocytoma, NOS (AAPC, -9.0; 95%
CLs, -10.0, =8.0), both overall and within each of the
three age groups (Table 4).

Gliomas had specific trends for age group and micro-
scopic confirmation. Overall, gliomas in all age groups
showed a statistically significant decrease in incidence
for nonmicroscopically confirmed tumors (AAPC of
-4.8, -4.1, and -2.7 for ages 0-19, 20-64, and =635,
respectively), while microscopically confirmed gliomas
were significantly increasing both in the adults (AAPC,
0.8) and in the elderly (AAPC, 2.2). Mixed gliomas
showed an overall increase in incidence (AAPC, 4.4),
although the trend was significantly decreasing in chil-
dren (AAPC, -9.9) and increasing in adults aged 20-64
(AAPC, 6.0). Incidence of microscopically confirmed
glioma, NOS, was increasing in children (AAPC, 6.4),
while incidence of nonmicroscopically confirmed gli-
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Fig. 2. Joinpoint regression analysis from six U.S. state cancer registries identifying sharp changes

in incidence over time.

oma, NOS, was decreasing in the adult age groups (20—
64 years; =65 years), with AAPCs of —6.4 and -4.6,
respectively.

Trends for selected glioma histologies and for astro-
cytoma subtypes are shown in Fig. 3. Overall, incidence
of total astrocytomas was decreasing (AAPC, -3.3),
which was largely a result of the decrease in astrocy-
toma, NOS (AAPC, -9.0). When excluding NOS, the
incidence rate of astrocytomas was statistically sig-
nificantly increasing overall and in all age groups (data
not shown). The overall incidence rate of anaplastic
astrocytomas was increasing, specifically in the elderly
(AAPC, 6.7). Incidence of pilocytic astrocytomas was
significantly increasing in children (AAPC, 10.3), while
incidence of diffuse astrocytomas was significantly
decreasing in children (AAPC, -7.7). Incidence of
microscopically confirmed glioblastomas was increasing
(AAPC, 3.0), while incidence was decreasing for those
not microscopically confirmed (AAPC, -2.3).

The overall incidence of meningiomas and nerve
sheath tumors was increasing for both microscopically
and nonmicroscopically confirmed tumors (Fig. 4). No
age-, gender-, or race-specific trends were significant
for these tumor histologies. Pituitary tumors, overall,
expressed a significant decrease in incidence (Fig. 4).
The decreasing trend was significant for nonwhites in
all age groups and for whites =65 years.

Discussion

These analyses include all primary brain tumors regard-
less of behavior, allowing an analysis of trends in sub-
groups that are of mixed behavior or are primarily
benign. A modest increase in all primary brain tumors
(1.1% per year) was found and is consistent with previ-

ously published incidence trends of CBTRUS data from
the years 1985-1994 (Jukich et al., 2001). This overall
increase in incidence persisted after exclusion of brain
lymphomas. Although the trend was specific to whites,
trends in nonwhites were more unstable because of small
numbers in each year. With joinpoint regression analysis,
a sharp change in incidence over time was identified for
lymphomas, which are likely influenced by HIV/AIDS
trends. This observed decrease in incidence corresponds
with a 1973-1998 SEER data report by Kadan-Lottick
et al. (2002) which found that by 1998 the incidence
rates of primary CNS lymphomas in the United States
had decreased from a peak in 1995, especially in men
under 60 years of age. This trend mirrors the decrease
in AIDS rates from their peak in 1993, as well as the
introduction of more effective antiretroviral therapies
(Aalen et al., 1999).

Table 3. Overall incidence rate trends by AAPC for gliomas and
major subtypes from six U.S. state cancer registries

Number of 95% Cls
Subgroup Cases AAPC (%)  for AAPC
All gliomas 12,701 0.8 0.4,1.2
Astrocytoma, total 4,108 -33 -4.0,-2.6
Glioblastoma 6,169 2.6 2.0,32
Oligodendroglioma 770 9.5 7.8,11.3
Ependymoma 475 3.1 1.1,5.3
Mixed glioma 279 4.4 17,7.2
Glioma, NOS 830 -1.3 -2.9,03

Abbreviations: AAPC, average annual percentage change; CLs, confidence limits;
NOS, not otherwise specified.
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Table 4. Histology-specific incidence rate trends by AAPC from six U.S. state cancer registries

Histology Number of Cases AAPC (%) 95% CLs for AAPC
All gliomas, by age group
0-19, Micro. conf. 1162 0.0 -1.2,1.3
0-19, Not micro. conf. 151 -4.8 -6.6,-3.0
20-64, Micro. conf. 6419 0.8 02,13
20-64, Not micro. conf. 299 4.1 -5.6,-2.6
=65, Micro. conf. 4027 2.2 15,29
=65, Not micro. conf. 643 2.7 -4.1,-1.3
Anaplastic astrocytoma 1059 2.0 0.6,3.4
Ages 0-19 78 -4.8 -10.0, 0.4
Ages 20-64 688 0.9 -0.9,26
Ages =65 293 6.7 39,94
Pilocytic astrocytoma? 328 10.3 7.6,13.0
Diffuse astrocytoma 229 -1.4 -4.4,1.6
Ages 0-19 46 -7.7 -14.7,-9.7
Ages 20-64 142 -0.8 -4.6,3.0
Ages =65 41 3.7 -3.4,11.1
Astrocytoma, NOS 2262 -9.0 -10.0, -8.0
Ages 0-19 324 -10.2 -12.9,-7.6
Ages 20-64 1277 -9.1 -10.5,-7.8
Ages =65 661 -8.1 -9.9,-6.3
Glioblastoma
Ages 0-19 65 -1.5 -7.1,4.1
Ages 20-64 2956 2.0 12,29
Ages =65 3148 3.2 24,40
Micro. conf. 5696 3.0 24,36
Not micro. conf. 473 -2.3 -4.4,-0.3
Oligodendroglioma (including anaplastic oligodendroglioma)
Ages 0-19 66 0.5 -5.0, 6.1
Ages 20-64 611 10.6 8.6,12.6
Ages =65 93 9.6 4.6,14.7
Oligodendroglioma 617 6.9 5.1,8.8
Anaplastic oligodendroglioma 153 223 17.7,27.2
Mixed glioma
Ages 0-19 31 -9.9 -18.7,-1.6
Ages 20-64 220 6.0 29,92
Ages =65 28 8.4 -0.5,17.7
Glioma, NOS
Ages 0-19, Micro. conf. 64 6.4 25,104
Ages 0-19, Not micro. conf. 137 0.2 -3.2,35
Ages 20-64, Micro. conf. 194 -0.1 -3.0,2.8
Ages 20-64, Not micro. conf. 120 -6.4 -9.7,-3.1
Ages =65, Micro. conf. 116 1.7 -1.7,5.0
Ages =65, Not micro. conf. 199 -4.6 -7.4,-1.7
Meningioma® 5283 15 0.9, 2.1
Micro. conf. 4394 1.0 0.3,1.7
Not micro. conf. 889 4.1 25,56
Nerve sheath® 1098 3.7 2.3,5.1
Micro. conf. 1016 25 1.1,4.0
Not micro. conf. 82 21.0 14.9, 27.6
Craniopharyngioma® 139 -0.5 -4.4,3.3
Pituitary®c 1430 -1.8 -3.0,-0.6
Ages 0-19, white 66 2.2 -3.2,7.6
Ages 20-64, white 894 0.3 -1.2,1.8
Ages 20-64, nonwhite 84 -11.2 -15.7,-6.8
Ages =65, white 355 4.6 -6.9, 2.2

Abbreviations: AAPC, average annual percentage change; CLs, confidence limits; micro. conf., microscopically confirmed.

2Analysis of pilocytic astrocytomas was restricted to 0- to 19-year-olds.
bIncludes data from five of six registries.

cSample size of ages 0-19 and ages =65 nonwhite subgroups too small to allow for reporting of statistics.
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Fig. 3. A. Incidence rates by calendar year from six U.S. state cancer registries. A. Selected

glioma subtypes. B. Astrocytomas.

Gliomas showed trend variations by age group for
the histology subgroups of total gliomas; diffuse, pilo-
cytic, and anaplastic astrocytomas; oligodendrogliomas;
mixed glioma; and glioma, NOS. Overall increases in
incidence for this period were observed for glioblasto-
mas, mixed gliomas, ependymomas, and oligodendro-
gliomas. For five of the six registries, registry-specific
AAPC:s for glioblastomas were increasing, similar to the
overall AAPC, varying only in magnitude of the trend,
while one registry showed no significant increase, which
indicated consistency of the trends across regions. Small

numbers of cases prevented accurate registry-specific
AAPC:s for other tumor histologies. Some of the increase
in incidence of oligodendrogliomas may be the result of
significant attention being focused by neuropathologists
on these tumors that have been shown to be chemo-
sensitive and treatable in up to 70% of anaplastic and
aggressive oligodendroglioma cases (Cairncross et al.,
1992; Paleologos et al., 1999). Since oligodendrogliomas
have a more favorable prognosis than other astrocytic
tumors, a relaxation of the diagnostic criteria, possibly
in an effort “not to impede any patient from gaining a

Neuro-Oncology JANUARY 2006 33



Hoffman et al.: Trends in incidence of primary brain tumors

—&— Meningioma
—— Pituitary

—o— Nerve Sheath
—A— Pituitary: 65+ yr, White

A

4.5

35

Age-Adjusted Incidence
(per 100,000 person-years)

15 A A
1 ~
o ~ _ I _ ;/,__*—4—/.\*—4

92 93 94 95

Year of Diagnosis

Fig. 4. Incidence rates by calendar year for predominantly nonmalignant histologies from six U.S.

state cancer registries.

possible benefit of chemotherapy,” has resulted in more
oligodendrogliomas being diagnosed (Burger, 2002;
Reifenberger and Louis, 2003).

Overall negative time trends were observed for total
astrocytomas and astrocytoma, NOS, over the 15-year
period, although astrocytoma subtypes of pilocytic and
anaplastic showed statistically significant increases in
incidence. A recent analysis of SEER data found that the
incidence of adult gliomas increased between 1977 and
2000, especially among the oldest patients included in
the study (Hess et al., 2004). With results similar to those
from our analysis of CBTRUS data, the SEER analysis
of adult gliomas demonstrated overall increases in inci-
dence over time for glioblastomas and oligodendroglio-
mas, as well as anaplastic astrocytomas, and decreases in
incidence for astrocytoma, NOS. However, the authors
go on to report that their analysis indicated that brain
cancer incidence may be stabilizing, which could suggest
that glioma incidence increases may be an artifact.

Analysis of predominantly nonmalignant histologies
indicated a decrease in incidence over this period for
pituitary tumors. In a study of brain tumor incidence by
histologic subtypes in Japan for the period 1973-1993,
pituitary tumors showed rapid increases during the early
1980s and reached a plateau in trend afterward (Kaneko
et al., 2002). The periods of the CBTRUS data overlap
with only the latter years of the Japanese data, where
the plateau was reached, and extend to more recent
years. There have been no other reports of a decrease
in pituitary tumor incidence in the most recent periods.
Meningiomas and nerve sheath tumors demonstrated
increases in incidence over the 1985-1999 period,
trends that persisted upon analysis of microscopically
confirmed cases. Relative increases in incidence rates for
nonmicroscopically confirmed meningiomas and nerve
34
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sheath tumors might reflect the greater tendency to diag-
nose such tumors with MRI and follow them with peri-
odic scans to monitor growth rate, rather than proceed
directly to surgery. A few studies of cellular telephone
use and nerve sheath tumors have now been completed
(Christensen et al., 2004; Hardell et al., 2003; Inskip
et al., 2001; Lonn et al., 2004b; Muscat et al., 2002)
with no clear consensus emerging. As cellular telephone
technology is relatively new, we do not yet have the long-
term follow-up on their possible biological effects. The
increase in incidence of nerve sheath tumors needs more
investigation, as no causative factors have been identi-
fied (Propp et al., 2006 [this issue]).

Major changes in brain tumor classification have
occurred that may have influenced the reporting of brain
tumor data. For example, with regard to nerve sheath
tumors, the second edition of the ICDO, published in
1990, differed from the first edition in that tumors occur-
ring in the cranial nerves were split into four topography
codes as opposed to being grouped into one topography
code (Percy et al., 1990). In addition, the World Health
Organization revised its histology classification scheme
for tumors of the CNS (Kleihues et al., 1993a). This is a
guideline used by neuropathologists for histologic typ-
ing of brain tumors (Kleihues et al., 1993b). Several of
the new entities in the 1993 WHO recoding did not have
corresponding four-digit histology codes in the ICDO
at that time (Kleihues et al., 1993a). Histologic crite-
ria have also changed over time, and depending on the
experience and preference of the pathologist, differential
classification of glial tumors may occur (Aldape et al.,
2000; Castillo et al., 2004; Coons et al., 1997; Giannini
et al., 2001). Exactly how these changes have affected
the reporting of brain tumor data and histology-specific
incidence rates remains unclear.



Fifteen years of recent data does not allow for the
analysis of historical incidence trends that may have been
impacted by diagnostic improvements that occurred
over the last 25-30 years. Also, pre-1990 incidence rates
may have been affected by revisions in the WHO histo-
logic classification scheme for CNS tumors and changes
in ICDO coding. Histologic criteria, which are both
qualitative and subjective, have also changed over time.
Variation in diagnosis, coding, and reporting practices
is possible between each of the six CBTRUS collabo-
rating state cancer registries included in this analysis.
Nevertheless, AAPCs for meningiomas and nerve sheath
tumors by registry either were in the same direction as
the overall AAPC for that histology or showed no sta-
tistically significant trend, with the only variation being
in magnitude, but not direction, of trend. In addition,
the large increases in incidence rates over this 15-year
period for nonmicroscopically confirmed meningiomas
and nerve sheath tumors may reflect changes in case
ascertainment. Awareness of the importance of benign
brain tumor collection was brought to the forefront by
CBTRUS with their initial survey of registries in 1992
(Carol Kruchko, CBTRUS, personal communication)
and may have influenced active ascertainment of these
tumors, although this issue deserves further attention.
Finally, these data results largely reflect patterns for
the Northeastern region of the United States, based
on the populations of the contributing states, and are
likely more informative for whites than for other racial
groups.

Despite these possible limitations, this analysis con-
tributes 15 years of brain/CNS tumor incidence data,
the majority of which represent the period following the
introduction and widespread use of diagnostic improve-
ments such as CT and MRIscans. CBTRUS data includes
information on all primary brain/CNS tumors, both
malignant and benign, offering a more comprehensive
analysis of temporal trends in incidence. Furthermore,
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this report adds to the limited amount of population-
based data on brain/CNS tumors overall and, in par-
ticular, the categories of predominantly nonmalignant
tumors and neoplasm, unspecified tumors. Beginning in
January 2004, the Benign Brain Tumor Cancer Regis-
tries Amendment Act (Public Law 107-260) required all
cancer surveillance registries to expand their primary
brain tumor data collection to include tumors of benign
and uncertain behavior. In the future, incidence rate
trend data will be available for all primary (malignant
and nonmalignant) brain tumors from the entire U.S.
population.

This analysis documented a modest overall increase
in brain/CNS tumor incidence rates, which remained
even when excluding brain lymphomas. By using join-
point regression analysis, incidence of brain lymphomas
was found to be decreasing from 1996 to 1999, which
may be a result of HIV/AIDS trend influence. Negative
trends seen for glioma, NOS, and astrocytoma, NOS,
tumor incidence, as well as the corresponding positive
incidence trends in some glioma and astrocytoma sub-
groups, most likely reflect improvements in diagnostic
technology and classification. However, increases seen in
ependymomas, meningiomas, and nerve sheath tumors
are less likely to be related to improvements in diagnosis
and deserve further attention.
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