Incidence of gliomas by anatomic location
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The anatomic location of a glioma influences progno-
sis and treatment options. The aim of our study was to
describe the distribution of gliomas in different anatomic
areas of the brain. A representative population-based
sample of 331 adults with glioma was used for prelimi-
nary analyses. The anatomic locations for 89 patients
from a single center were analyzed in more detail from
radiologic imaging and recorded on a three-dimensional
1 x 1 X 1-cm grid. The age-standardized incidence rate
of gliomas was 4.7 per 100,000 person-years. The most
frequent subtypes were glioblastoma (47%) and grade
II-IIT astrocytoma (23%), followed by oligodendro-
glioma and mixed glioma. The gliomas were located in
the frontal lobe in 40% of the cases, temporal in 29%,
parietal in 14%, and occipital lobe in 3%, with 14%
in the deeper structures. The difference in distribution
between lobes remained after adjustment for their tis-
sue volume: the tumor:volume ratio was 4.5 for fron-
tal, 4.8 for temporal, and 2.3 for parietal relative to the
occipital lobe. The area with the densest occurrence was
the anterior subcortical brain. Statistically significant
spatial clustering was found in the three-dimensional
analysis. No differences in location were found among
glioblastoma, diffuse astrocytoma, and oligodendrogli-
oma. Our results demonstrate considerable heterogene-
ity in the anatomic distribution of gliomas within the
brain. Neuro-Oncology 9, 319-325, 2007 (Posted to
Neuro-Oncology [serial online], Doc. D05-00016, May
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r I The incidence of gliomas has increased worldwide

since the late 1970s.'~5 There are several possible

causes for this increase, including improved diag-
nostic methods, such as modern radiologic imaging, and
better access to neurosurgical services.?*°~8 Incidental
findings of brain neoplasms increased with the introduc-
tion of CT and MRI technology in the 1980s.%%° How-
ever, it has also been suggested that the overall increase
in incidence is leveling off,> whereas the increasing trend
continues in the older age groups.>>

The anatomic topographic location of a glioma affects
treatment options and prognosis.®'~13 However, few
large-scale studies have been published on the detailed
anatomic locations of gliomas.'?

To date, it has been widely believed that gliomas
develop in different lobes with frequencies relative to
the volume of glial tissue, reflected in the ratio of gray
and white matter. Revealing differences in the anatomic
distribution of gliomas may provide further insight into
the etiology and pathogenesis of gliomas. It may, for
instance, give clues about the role of highly local exter-
nal exposures such as trauma or electromagnetic radio-
frequency fields from mobile phones. Another possibil-
ity is that the anatomic structures provide physiologic
stimuli to adjacent glial tissue, which affects the suscep-
tibility to malignant transformation. A third possibility
is the effect of functional differences among cells and tis-
sues in different areas of the brain on the development of
gliomas. Several studies have also shown differences in
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biologic characteristics (molecular alterations) in subsets
of gliomas arising from different locations.'#-1¢

The aim of our study was to describe the anatomic
distribution of gliomas, using a representative case series
with detailed localization based on radiologic imaging.

Materials and Methods

The cases were identified from the neurosurgery clin-
ics of all five university hospitals (Helsinki, Turku,
Tampere, Kuopio, Oulu) in Finland. We retrieved the
records of all patients diagnosed with any glioma at
these hospitals during the period from November 2000
to September 2002. (In addition to these five hospitals,
glioma is treated surgically at only one neurosurgery
clinic in Finland; only 10 incident gliomas were diag-
nosed there during the study period, and these cases
were not included in our study.) Two criteria were used
to determine eligibility for inclusion in our study. First,
all patients were required to be Finnish citizens resid-
ing in Finland. Second, those in the study cohort were
required to be between the ages of 20 and 69 years. For
the latter inclusion criterion, an age limit was imposed
because these data were also used in the international
INTERPHONE study, which assessed the possible effect
of mobile phones on intracranial tumors.!” Patients were
approached for recruitment into the study immediately
after surgical resection of the neoplasm and pathologic
confirmation of the glioma diagnosis (7 = 328, 99%). In
1% of cases (7 = 3), the diagnosis was based on a radio-
logic finding (CT and/or MRI) indicating glioma as the
tumor type rather than biopsy of a surgical specimen.

The study protocol was approved by the National
Ethical Review Board of the Ministry of Health and
Social Welfare (ETENE/TUKIJA). The study subjects
or their relatives gave written informed consent. Of all
the glioma patients diagnosed during the study period,
81% (n = 267) gave their consent for participation. The
remaining 61 patients (18 %) were not willing to partici-
pate for various reasons, mainly poor general condition.
Three patients died of their disease soon after diagnosis
prior to enrollment and therefore could not participate.
For the patients who did not give consent, additional
information on the histologic type of the tumor was
obtained from the Finnish Cancer Registry, a nation-
wide, population-based cancer registry with practically
complete coverage of cancer cases in Finland.'"® How-
ever, the specific anatomic location of the tumors was
not obtained at the Finnish Cancer Registry.

All cases were classified with a morphologic code
according to the third edition of the International Clas-
sification of Diseases in Oncology (ICD-O-3)." For this
study, all histologic specimens of the participants were
reviewed afterward independently by an experienced
neuropathologist (H.H.). Those originally classified
by him were reviewed by one of the two other neuro-
pathologists. The gliomas of the patients who did not
give consent were reviewed by the study neuropatholo-
gist (H.H.). The gliomas were classified into the follow-
ing groups: pilocytic astrocytoma (grade I; ICD-0O-3
code 9421), diffuse astrocytoma (grade II; 9400, 9410,
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9411, 9420), anaplastic astrocytoma (grade I11; 9401),
glioblastoma (grade 1V; 9440-9442), all other astrocy-
tomas (9384, 9424), oligodendrocytic gliomas (9450,
9451), mixed gliomas (9382), ependymal tumors (9383,
9391-9394), and choroid plexus tumors (9390).

The tumor location was specified by using radiologic
imaging. Thus, all the tumors were assigned a topo-
graphic location according to the International Classifi-
cation of Diseases, version 10 (ICD-10):2° structures of
cerebrum other than cortical lobes (ICD-10 code C71.0),
cerebrum by lobe (frontal lobe C71.1, temporal lobe
C71.2, parietal lobe C71.3, occipital lobe C71.4), ven-
tricles (C71.5), cerebellum (C71.6), brainstem (C71.7),
and other anatomic sites (C71.8, C71.9). Gliomas origi-
nally assigned to two lobes (with two topographic codes,
e.g., frontotemporal) were treated differently from those
with some overlap (e.g., predominantly frontal glioma
with minor involvement of the temporal lobe). The for-
mer were recorded as occurring in two lobes, whereas
in the latter case the overlap was ignored and the tumor
was classified into one location. If the tumor had some
overlap with several areas of the brain, the anatomic site
was assigned systematically as the more superficial site
versus deeper anatomical structure (e.g., frontal lobe for
a tumor close to the sphenoidal wing). In the same fash-
ion, the tumor was given a more anterior location versus
posterior (e.g., frontal lobe for frontotemporal cases). A
total of 181 gliomas (68%) were found to be located in
only one anatomic site, whereas 86 (32%) were overlap-
ping two or more sites.

More detailed analysis of 89 patients 30-69 years of
age from Helsinki University Central Hospital was con-
ducted based on radiologic imaging (CT and/or MRI). A
neuroradiologist (R.M.) recorded the midpoint of each
tumor from the CT/MR images on a 1 X 1-cm grid,
separately in three projections (sagittal, coronal, and
axial), using software (GridMaster computer program,
Vompras, Dusseldorf, Germany) designed for this pur-
pose for the INTERPHONE study.!”

The world standard population was used in the age
standardization.?! Confidence intervals (CIs) for the
incidence rates were calculated under the assumption
that the observed numbers of cases follow a Poisson
distribution.?? In the analysis of the number of tumors
in cerebral lobes, the number of tumors was related to
the tissue volume of each lobe. Previously published esti-
mates of the tissue volume in each lobe relative to the
occipital lobe were used: frontal lobe, 3; temporal lobe,
2; parietal lobe, 2; occipital lobe, 1.23 The ratio was used
to adjust for different sizes of anatomic structures and to
estimate incidence corrected for tissue volume.

In the analysis of heterogeneity of tumor distribution
by lobe, the statistical significance was evaluated using
the chi-square test, with expected frequencies calculated
as the mean number of cases per lobe, assuming a uni-
form distribution across the lobes (in further analysis
with adjustment for tissue volume of the lobe).

In the analysis of tumor localization with the three
two-dimensional projections, simulation was used
to obtain the statistical significance. The midpoint of
each tumor was assigned to a square within the projec-
tion (i.e., each tumor constituting one observation for



the analysis). The observed value of the chi-square test
statistic was compared with that obtained by randomly
allocating a hypothetical location (square) for 89 tumors
in the two-dimensional grid (relevant projection), based
on a uniform distribution across the squares. This was
repeated 999 times to obtain sufficient precision. The
statistical significance was obtained by comparing the
observed value of the chi-square statistic with the sim-
ulated ones (49 simulations with similar or larger chi-
square values corresponding to a significance level of
p =0.05).

Three-dimensional analysis of spatial clustering was
evaluated by using a chi-square test. Each glioma was
assigned a single midpoint within a cube in the three-
dimensional grid. There were four multifocal gliomas
with midpoint assigned to the larger tumor. The test sta-
tistic was obtained by comparing the observed number
of gliomas in the three-dimensional grid with 890 cubes,
1 X 1 x 1 cm in size (some partial), to the expected fre-
quency, obtained by assuming a uniform (random) dis-
tribution of tumors across cubes (0.1 tumors per cube).
Owing to the small expected frequency, a conventional
interpretation based on the chi-square distribution could
not be used. Instead, statistical significance was assessed
by simulations, randomly assigning a similar number of
tumors to the grid. This simulation was repeated 999
times, and the observed chi-square value was compared
with those obtained from simulations. A two-sided
hypothesis was used, based on the frequency of simu-
lations with similar or higher chi-square statistic (e.g.,
49 simulations with chi-square value larger than the
observed corresponding to a p value of 0.05). In addi-
tion, the mean distance between the midpoints of glio-
mas was calculated as a summary descriptive measure.

For comparison of the location of histologic types,
gliomas were grouped into three morphologic categories:
diffuse and anaplastic astrocytomas (grades II and III,
n = 19), glioblastomas (n = 34), and a combined group
of mixed gliomas and oligodendrogliomas (z = 30).
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Results

A total of 331 incident gliomas were diagnosed during
our study period. The majority (47%) were glioblasto-
mas. Diffuse astrocytomas accounted for 14%, anaplas-
tic astrocytomas for 9.4%, pilocytic astrocytomas for
5.1%, and all other astrocytomas for 0.6% of the glio-
mas. Oligodendroglial tumors comprised 11%, mixed
gliomas 9.7%, and ependymomas 3.0% of the gliomas
(Table 1). In addition, one choroid plexus tumor and one
dysembryoplastic neuroepithelial tumor were diagnosed
(0.3% each). No substantial differences in histology
were found between patients who gave consent to par-
ticipate and those who did not give consent (p = 0.17).
For the former, the average patient age was 49.2 years
(median = 51; range = 20-69) and 51.7% were men,
whereas for those who did not give consent, the average
age was 52.4 years (median = 54.5; range = 26-68) and
54.7% were men.

The age-standardized incidence rate was 4.67 per
100,000 person-years (95% CI, 4.2-5.2), with a slightly
higher rate for men than women (4.90 compared with
4.47 per 100,000 person-years).

Most of the gliomas were located in the cerebral
lobes (86%). Gliomas in the frontal lobe accounted for
40%, temporal lobe for 29%, parietal lobe for 14%, and
occipital lobe for 3.0% of the cases. In addition, 6.4%
were located primarily in the deep structures of the cere-
brum, 2.2% in the ventricles, 1.5% in the cerebellum,
and 4.1% in the brainstem.

The crude incidence rate of gliomas (per 100,000)
was 1.68 (95% CI, 1.36-2.00) for the frontal lobe, 1.21
(95% CI, 0.94-1.48) for the temporal lobe, 0.58 (95%
CI, 0.39-0.77) for the parietal lobe, and 0.13 (95% CI,
0.04-0.21) for the occipital lobe.

Gliomas were located more frequently in the right
hemisphere (51%) than in the left (40%). Eleven glio-
mas were in the center of the brain. Of the 267 gliomas
in the study for which the specific anatomic locations

Table 1. Number and incidence of gliomas by histologic type

No. of Cases (%)

Incidence
Histologic Type Participants Nonparticipants® Allb (/100,000)
Glioblastoma 116 (43) 37 (61) 154 (47) 2.0
Diffuse astrocytoma 38 (14) 8 (13) 46 (14) 0.7
Anaplastic astrocytoma 24 (9) 5(8) 31(9) 0.5
Pilocytic astrocytoma 14 (5) 3(5) 17 (5) 0.3
All other astrocytomas 2 (<1) 0(0) 2 (<1) 0.03
Oligodendroglioma 34 (13) 3(5) 37.(11) 0.5
Mixed glioma 29 (11) 3(5) 32 (10) 0.5
Ependymoma 8(3) 2(3) 10 (3) 0.2
Choroid plexus 1(<1) 0 (0) 1(<1) 0.01
All other gliomas 1(<1) 0(0) 1(<1) 0.02
Total 267 61 331 4.7

2Nonparticipants refers to patients who did not give consent. For these patients, information was obtained from the Finnish

Cancer Registry.

bTotal number (331) includes three persons who died of their disease soon after diagnosis (prior to enrollment) and who are

therefore not counted among participants or nonparticipants.
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Table 2. Number and frequency of gliomas relative to tissue
volume by cerebral lobe

Frequency:
Frequency Volume Ratio

Location of (No. of  Relative Frequency/ Relative to
Glioma Gliomas) Volume*  Volume® Occipital Lobe“*
Frontal lobe 107 3 36 45
Temporal lobe 77 2 39 4.8
Parietal lobe 37 2 19 23
Occipital lobe 8 1 8 1.0

2Burger et al.?

®Number of cases relative to tissue volume.

‘Frequency adjusted for tissue volume, with occipital lobe as the reference (assigned
avalue of 1).

*p value for difference between lobes < 0.001.

of the tumors were available, 13 (4.9%) were bilateral:
eight were glioblastomas (ICD-O-3 code 9440), one was
a diffuse astrocytoma (9400), two were anaplastic astro-
cytomas (9401), and two were mixed gliomas (9382).
Seven of these bilateral gliomas were located primar-
ily in the frontal lobes. The location of one glioma was
unknown.

There were substantial differences in the tumor fre-
quencies between lobes (Table 2). Even after accounting
for tissue volume, the frequency was highest for the fron-
tal lobe, followed by the temporal, parietal, and finally

1

the occipital lobe (p < 0.001). The volume-adjusted fre-
quency in the frontal and temporal lobes was roughly
four times higher than in the occipital lobe.

More detailed analyses were performed based on the
89 cases with assessment of CT/MR images. The age
distribution of these cases was similar to that for the
other cases (average age, 49.2 years compared with 50.3
years, respectively). Also, distribution of histologic type
was comparable (47.6% compared with 45.7% of the
gliomas were glioblastomas). The tumor localization
was characterized using a two-dimensional 1 X 1-cm
grid in three projections. In the axial projection, there
was some evidence for heterogeneity, that is, uneven
distribution across squares with borderline significance
(Fig. 1; p = 0.06). The tumors arose most frequently in
the anterior subcortical part of the brain. In the coro-
nal projection, there was an inverted U-shape distribu-
tion of tumors (Fig. 2; p < 0.001 for difference between
squares). In the sagittal projections, the neoplasms were
in the anterior areas of the brain and around the sellar
region on both the left hemisphere (Fig. 3A; p = 0.007)
and right hemisphere (Fig. 3B; p = 0.02).

In the three-dimensional analysis, the observed mean
distance between the gliomas was 5.17 cm (SEM = 0.09
cm; median = 5.02 cm). There were 11 cubes with two
gliomas, providing a chi-square test statistic of 1,021
with 889 degrees of freedom. The frequency of similar
or higher chi-square values in the simulations was 7/999,
corresponding to a statistical significance of 0.007. The
observed mean coordinate was similar to the simulations
in the axial and sagittal axes (mean observed and simu-
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Fig. 1. The anatomic site distribution of gliomas
in an axial projection of the brain (anterior at
top). The colors represent the number of glio-
mas in each 1 X 1-cm square, with smoothing
based on adjacent squares. The inset shows the
section plane.
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lated values of 8.6 vs. 8.3 in axial and 6.5 vs. 6.6 in sag-
ittal axis) but slightly different for the coronal axis (10.0
vs. 11.8), indicating a tendency toward upper (superior)
parts of the brain.

There were no statistically significant differences in
the location of gliomas (based on assessment on the
three-dimensional grid) between the three major histo-
logic subtypes. In the three-dimensional analysis, the
distances between group-specific midpoints were 1-2
cm (diffuse astrocytoma vs. glioblastoma, 1.2 c¢cmj dif-
fuse astrocytoma vs. oligodendroglioma/mixed glioma,
0.6 cm, glioblastoma vs. oligodendroglioma/mixed gli-
oma, 1.2 cm), indicating closer proximity between the
subgroups than with the simulation (2.3 ¢m for diffuse
astrocytoma, 1.4 cm for glioblastoma, and 2.4 c¢cm for
oligodendroglioma/mixed glioma).

Discussion

Our results demonstrate considerable differences in dis-
tributions of gliomas, with the densest occurrence in the
frontal lobe and a higher frequency in the right hemi-
sphere than in the left hemisphere.

The incidence rate (4.67/100,000) of gliomas in our
study was comparable with that in a previous report
from Finland.?* However, it was relatively high com-
pared with findings in other countries.>2* The fairly high
incidence compared with most other populations is con-
sistent with findings from other Nordic countries.?*2¢
This may be attributable to completeness of registration
and rate of histologic confirmation. However, compared
with other forms of cancer, brain tumors do not show
substantial international variation.?’

The incidences of different histologic types of glio-
mas in this study were comparable with those in pre-
vious studies, with astrocytic tumors accounting for
more than three quarters of gliomas.?%?” According to
the data from the Central Brain Tumor Registry of the
United States,?’ glioblastomas account for 51%, ana-
plastic astrocytomas for 8%, and oligodendrogliomas
for 10% of all primary brain and CNS gliomas.

The anatomic distribution of gliomas was irregular,
with the number of tumors substantially higher for the
frontal and temporal lobes than for other lobes, even
after adjustment for tissue volume. Furthermore, sta-
tistically significant clustering was found in the three-
dimensional analysis. No differences were found in dis-
tributions of the three major categories of gliomas. These
results are consistent with a previous study, which found
that 43% of glioblastomas were located in the frontal
lobe, 28% in the temporal, 25% in the parietal, and 3%
in the occipital lobe.'” The occurrence of bilateral glio-
mas was toward the frontal lobes, because most gliomas
involving both hemispheres are bifrontal.?® Also, the
more frequent involvement of the right hemisphere has
been reported in a previous study.?’ A study of the ana-
tomic distribution of low-grade gliomas found the high-
est tumor frequency in the secondary functional areas.!?
In these studies, however, assessment of tumor location
was not as detailed as here.
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In more detailed analyses, the tumors were distrib-
uted toward frontal subcortical areas. The cortical areas
consist of gray material, whereas the subcortical areas
contain more glial cells. As gliomas develop from the
glial cells, the difference between the cell types in sepa-
rate areas may explain partly why tumors arise prefera-
bly from the subcortical sites. The nonuniform anatomic
distribution of gliomas with frontal and temporal pre-
dominance may reflect the involvement of developmen-
tal, neurochemical, or functional factors in the patho-
genesis of gliomas. In one study, allelic loss was most
common in oligodendrogliomas located in the same
anatomic areas (frontal lobe) where we found the high-
est tumor frequency.'® It has also been suggested that
tumors in different parts of the brain arise from differ-
ent precursor cells or that differences in the extracellular
environment may account for the differences between
lobes.'* Furthermore, involvement of structural and
functional differences between brain regions, including
energy metabolism, architectonic tissue arrangements,
and interaction between neuronal and glial cells, has
been postulated.'?

The topographic location (ICD-10 code) obtained
from the medical records and cancer registry for the
nationwide material was not always specified with
sufficient detail. A simplified classification was used
in summarizing the anatomic locations, with prefer-
ence for lateral (i.e., cortical) and anterior structures.
This overestimated slightly the tumor frequency in the
superficial and frontal sites. The frequency of gliomas
in certain lobes may be slightly overestimated, because
some tumors in the unspecified or deep cerebrum were
coded into the lobes. For example, the sphenoidal wing
can be considered a part of the cerebrum other than the
lobes as well as a part of the frontal lobe. However, these
issues cannot explain the inhomogeneous distribution
of gliomas between cerebral lobes. This limitation in
classification did not affect the more detailed analyses.
Also, some information was lost in the more detailed
analysis, because only the midpoint of the tumor was
considered.

The distribution of gliomas by anatomic site differs
between adults and children.? Pilocytic astrocytomas
in children occur typically in the cerebellum and brain-
stem,®3% whereas in adults diffuse supratentorial astro-
cytomas predominate.? Thus, the findings of this study
apply to gliomas in adults.

Our study has several advantages. A single neurora-
diologist evaluated the location of all gliomas, and histo-
logic subtype was verified by a panel of neuropathologists.
We had a representative data set owing to a well-defined
source population in addition to a high coverage and a
high participation rate. Furthermore, the dropout analy-
sis showed no major differences in tumor types between
the patients who gave consent to participate and those
who did not give consent. Finally, although the radio-
logic data for tumors about which detailed location were
known came from a single center (Helsinki University
Central Hospital), there were no major differences in
histologic tumor types or age distribution of patients
between Helsinki and the other hospitals.



In conclusion, our findings indicate that gliomas arise
mainly from the anterior subcortical structures of the
brain, with an excess in the frontal and temporal lobes
that is not accounted for by tissue volume alone. These
findings, based on a detailed analysis of a large represen-
tative case series, consolidate the knowledge regarding
localization of gliomas and may provide some insights
into the development of gliomas.
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