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Abstract

Most epidemiology reports indicate that brain tumor rates in whites are higher than other popu-
lations and that they are more common in males than females. In this report, we analyze incidence
patterns in registry data from the Surveillance, Epidemiology, and End Results program in differ-
ent histological groups, racial/gender combinations and compare the overall and age-specific in-
cidence rates. Our analysis shows statistically significant racial differences in rates for astrocyto-
mas non-otherwise specified in both sexes, and unspecified malignant intracranial intraspinal
neoplasms for females. Those of other specified intracranial and intraspinal neoplasms in females
are higher than males, indicating the importance of biological differences. Other glioma young age
rates peak after the age of five, the peak is higher for the black race. The study demonstrated sev-
eral distinctive patterns in the rates by histological subtypes and showed differentiation in the age
at diagnosis, giving insight on potential true changes in different subpopulations.
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1. Introduction

Epidemiological data on the full scale of primary brain and central nervous system in the USA can be found
from Surveillance Epidemiology and End Results (SEER), North American Association of Central Cancer Regi-
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stries and the Central Brain Tumor Registry of the United States (CBTRUS), their latest reviews are reported in [1],
[2]. Characteristics of the three databases are reviewed and relevant information on brain tumors is discussed in
[3]. Variation in adult brain cancer incidence for grouped populations in an international level has been studied in
[4]. Incidence rates from regional population based registries in Japan are evaluated in [5] and Northern Europe in
[6].

Epidemiologic studies of brain and Central Nervous System (CNS) tumors have examined survival and inci-
dence rates over the past decades presenting the most recent data on rates and trends of brain tumor histological
diversity. Concerns with regard to brain tumor risk are increasing and epidemiologic studies have examined
available evidence over the past decades. A major priority has been to find differences between incidence and
survival experienced by the subjects based on their biological diversity. Since any new treatments have limited
ability to improve prognosis for all brain tumors histology type, grade, age, tumor location are mostly linked to
survival times.

While progress in diagnostic technologies may have contributed to an increase in incidence for several his-
tologies, changes in brain tumor classifications are also likely to be responsible for shifting towards certain brain
tumor histologies. Studies intending to update information and provide detailed perspectives on the epidemiolo-
gy of primary brain tumors in the USA are increasingly prompting debates on weather changes in the trends re-
flect changes in etiology or cases ascertainment.

In the following we include an overview of the literature on incidence rates, not intended as an exhaustive
coverage of the relevant studies, but as a presentation of studies with various priorities and evidence.

A Dbrief description of the literature since 2001 for major molecular, genetics findings is discussed in [7]-[13].
Already established and new emerging risk factors are discussed in [14]-[18]. For developments in pediatric tu-
mors research we refer to [19]-[26]. Brain tumors incidence trends and new diagnostic tools are discussed in
[27]-[32]. For discussions about prioritized areas for further research, and consensus on available evidence, see
[33]-[36]. Epidemiologic findings for brain tumors and methods of classification are reported in [37]-[47].

In this study we employ descriptive and statistical methods to update the incidence of brain tumors and pro-
vide information on occurrence by sex, age and race. If the variation in incidence rates among the registries re-
presents differences in incidence experienced by the population then the registered brain tumors represent the
variation of brain cancer incidences in USA. Our estimates showed i) sex differences with demonstrated distinc-
tive patterns on the incidence rates depending on histologies; ii) racial differences in specific rates in several
histologies giving insight into possible etiologies of brain tumors. An effort is undertaken to better characterize
pediatric brain tumor incidence, with an emphasis on improving our understanding on racial and gender differ-
ences. Analysis of malignant tumors is based on data between 1973 and 2010 for a broad spectrum of histolo-
gies.

2. Methods

The National Cancer Institute’s SEER program provides information and other comprehensive resources with
regard to incidence on tumors from various US metropolitan areas.

In summary, the program collects information on incidence from specific geographic areas representing 28
percent of the US population and compile reports for the entire country through the SEER program. Conven-
tionally, the risk is evaluated by incidence rates; in some instances these statistics are reported by histology clas-
sifications, race, sex, tumor location and grade. The following nine registries provided data on the incidences of
brain tumors diagnosed between 1973 and 2010: San Francisco-Oakland SMSA-1973+, Connecticut-1973+,
Detroit (Metropolitan)-1973+, Hawaii-1973+, lowa-1973+, New Mexico-1973+, Seattle (Puget Sound)-1974+,
Utah-1973+, Atlanta (Metropolitan)-1975+. All the tumors included in the study were malignant, primary tumors
of the brain and the central nervous system, site codes are C000-C809 and ICD-0-3 histology codes are 9161 -
9571 as well as 8000 - 8005, finally, 0, 1 and 3 are the ICD-0-3 behavior recodes [48]. For definitions of the
primary sites, ICD-0-3 behavior recodes and histology, see [49]. Available information included gender, race, age
at diagnosis and type of histology; for more details see [50].

Age-adjusted incidence rates per 100,000 persons based on the 2000 standard US population were extracted
using the SEER*Stat 8.0.4 software of the Surveillance Epidemiology and End Results program, National Cancer
Institute. Between 1973 and 2010, 57,343 cases of malignant brain tumors were diagnosed in the nine SEER re-
gistries and recorded in the data released in April 2013 with complete data on sex, race, and birth date, year and
age at diagnosis, histological diagnosis. Rate calculations include crude rates for white, black, and American In-
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dian/Alaska native, Asian/Pacific islander populations; consequently the detail statistics of incidence rates may
not be available in some cases. Included in the SEER datasets is the “other unspecified” race. Since the informa-
tion for this group is very sparse, we decided not to include this racial group in the analysis.

Brain and CNS tumors are classified according to the adolescents and young adults (AY A) site recode variable
based on the classification scheme in [50]. Incidence rates are reported for ten histologies: specified low grade
astrocytic tumor, glioblastoma and anaplastic astrocytoma, astrocytoma NOS are the astrocytic histologies, other
glioma, ependynoma, medulloblastoma, supratentorial PNET, other specified intracranial and intraspinal neop-
lasms, unspecified malignant intracranial intraspinal neoplasm, unspecified benign/boarder intracranial intras-
pinal neoplasm. In this study we will attempt to compare rates for those histologies that allowed for comparisons
between all sex, race and age groups, the last histology was excluded because of the insufficient number of records.
A risk-adjusted method proposed for estimating cancer incidence rates from data collected by the SEER program
of the US National Cancer Institute is used when comparing rates in different races.

Characteristics of the available primary brain and other CNS tumors patients during the study period are shown
in Table 1. Relative frequencies by histology subtypes in all male and female racial groups are presented for the
1973-2010 period. The frequencies for three age groups and histological subtypes are reported for the same period.
The majority (53.2%) of the tumors are in the 20 - 64 year age group, while 33.8% of the tumors occurred in the
elderly and the remaining 13% of the tumors occurred in children. The percentage of brain tumors in the data by
gender is 55.6% for males and 45.4% for female; the number of incidence cases is dramatically higher in whites
89.5% of the recorded tumors.

3. Results

Annual incidence rates and corresponding confidence intervals (ClI) for all brain tumors ranged from 6.87 (95% Cl
6.79 - 6.93) t0 3.29 (95% CI 3.16 - 3.41), and 2.95 (95% CI 2.82 - 3.08) cases per 100,000 for the white, black and
other race, respectively. The increased incidence rates for whites compared with other races is statistically sig-
nificant (p < 0.05) is apparent by the non-overlapping CI’s. The distribution of races was shown in Table 1, cor-
responding relative risks were 2.09 for whites versus blacks and 2.33 when whites are compared with the other
group. Exact rate ratio tests assuming Poisson count, see [51], for the populations gave 95% confidence intervals
for the whites over blacks, whites over other, and blacks over other incidence rates (2.01, 2.17), (2.23, 2.43), (1.05,
1.18). The corresponding one-sided hypotheses resulted in every case in p < 0.0001 as evidenced by the not con-
taining CI’s.

For the 1973-2010 period a total of 49,531 brain and CNS tumors were reported by the SEER registries with
the resulting incidence rate of 6.14 (95% CI 6.08 - 6.19) cases per 100,000 person-years. The detailed distribu-
tion of tumors by histology, race, sex, age group is presented in Table 1. The most common histology has been

Table 1. Characteristics of the study population by histology, race, gender and age at diagnosis, SEER 1973-2010.

Site Group Age at Diagnosis Gender Race
0-19 20-64 >65 Males ~ White Black  Total

Specified low grade astrocytic tumor 1820 1743 347 56.31 86.67 6.98 3910
Glioblastoma and anaplastic astrocytoma 605 14,858 12,496 57.11 91.41 4.67 27,959
Astrocytoma NOS 1315 5165 2385 55.13 89.29 6.62 8865

Other Glioma 1399 5544 1971 54.68 87.18 6.44 8914

Ependynoma 588 1204 184 55.06 84.36 8.55 1976

Medulloblastoma 999 398 6 62.29 82.89 8.62 1403

Supratentorial PNET 434 221 25 57.94 79.85 10.15 680

Other specified intracranial and intraspinal neoplasms 145 726 578 44.24 77.92  13.87 1449
Unspecified malignant intracranial intraspinal neoplasm 122 618 1447 45.68 87.42 7.82 2187
Total 7427 30,477 19,439 55.47 89.02 6.05 57,343

Brain and CNS primary brain tumors were according to adolescents and young adults (AYA) site recode. The sum of the subgroups does not equal the

total since certain tumor types are not represented on the table.
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glioblastoma and anaplastic astrocytoma with 23,656 cases diagnosed resulting in 2.93 (95% CI 2.89 - 2.96)
cases per 100,000 person-years, followed by astrocytoma NOS with 8,430 cases resulting in 1.04 cases (95% CI
1.02 - 1.07) per 100,000 person-years. Less common histology types have been supratentorial PNET with 0.07
cases (95% CI 0.06 - 0.07), medulloblastoma 0.16 (95% CI 0.15 - 0.17), and other specified intracranial and in-
traspinal neoplasms 0.16 (95% CI 0.15 - 0.17), with 574, 1267, 1274 cases, respectively. Glioblastoma showed
similar variation (rates between 2.5 and 3.6) in data from six cancer registries for the years 1985-1999 of the
central brain tumor registries of the United States (CBTRUS), while in the same dataset the rate of astrocytoma
NOS was reported between 0.4 and 1.7 [52] [53].

3.1. Incidence Rates by Race and Gender

In Table 2 we compare rates in different races and display relative risks by sex for nine histological types of
brain tumors. The most common histologically confirmed tumor types, glioblastoma and anaplastic astrocytoma,
have been much more frequent in white populations than any other tumor type, while this relationship is roughly
inverted for supratentorial PNET, finally for other specified intracranial and intraspinal neoplasms, medullob-
lastoma and unspecified malignant intracranial and intraspinal neoplasms the incidence rate appeared to be equal.
Most of the histology types are more frequent in males as the rates ratios clearly show; however, for other speci-
fied intracranial and intraspinal neoplasms and unspecified malignant intracranial and intraspinal neoplasms in-
cidence rates for females are higher, see [54] for similar results from the central brain tumor registry of the USA.
In Table 3 we summarize comparisons of rates by race and sex for all the histology types.

Table 2. Relative risk of brain and CNS tumors in relation to gender and race.

Site Group Gender Race

Male Female Ratio White Black Other

Specified low grade astrocytic tumor 0.45 0.39 1.22 0.47 0.24 0.22
Glioblastoma and anaplastic astrocytoma 4.07 2.55 1.38 3.56 1.72 1.43
Astrocytoma NOS 1.15 0.85 1.28 1.09 0.65 041

Other Glioma 1.15 0.87 1.26 1.08 0.61 0.64

Ependynoma 0.24 0.19 1.35 0.23 0.16 0.14

Medulloblastoma 0.18 0.11 1.67 0.16 0.10 0.12

Supratentorial PNET 0.08 0.06 1.50 0.07 0.06 0.07

Other specified intracranial and intraspinal neoplasms 0.16 0.17 0.82 0.16 0.26 0.15
Unspecified malignant intracranial intraspinal neoplasm 0.29 0.25 0.88 0.27 0.26 0.16

Incidence rates and relative risk by gender, and incidence rates depicted by race for nine histologies.

Table 3. Comparisons of primary brain and CNS tumors incidence rates by race and sex, SEER data.

Site Group Male Female
White Black Other White Black Other Total
Specified low grade astrocytic tumor 0.50" 0.28 0.22 0.44°F 0.21 0.22 0.42
Glioblastoma and anaplastic astrocytoma 4477 2.15 1.77 2.817%F 1.39 1.15 3.23
Astrocytoma NOS 127F 074 0.46 0.93% 0.57% 0.37 0.99
Other Glioma 124% 073 075 095 052 0.55 1.00
Ependynoma 026 016 0.15 0.20* 0.16 0.13 0.22
Medulloblastoma 0.20" 0.11 0.15 0.12 0.9 0.08 0.15
Supratentorial PNET 0.09 0.06 0.08 0.06 0.06 0.06 0.07
Other specified intracranial and intraspinal neoplasms 0.15 0.25% 0.12 0.16 0.26 0.18 0.17
Unspecified malignant intracranial intraspinal neoplasm 0.28"F 0.25 0.18 0.24°F 0.25 0.14 0.26

Reported crude rates are per 100,000 person year. p < 0.05 for statistically significant difference between sexes and races. The table is structured with
the following interpretation for its contents. Incidence rates in bold indicate significantly different rates between male and female of the same race for
the type of brain tumor. Rates are noted with ~ and * in whites for differences with blacks and others, while * in blacks notes differences with others.

()



D. Vovoras et al.

The reported differences in incidence rates between races and sexes especially for some histological types il-
lustrate significant variation across the contributing registries. For all the reported histologies the incidence rate
for white males are significantly higher than the rates for white females. For the following histologies: glioblas-
tomas and anaplastic astrocytomas, specified low grade astrocytic tumors, astrocytomas NOS and other gliomas,
the significantly different incidence rate pairs among the three races are the same in both male and female popu-
lations. The ratios of the rates were tested assuming Poisson counts for the two populations at risk. The alternative
hypothesis is the true ratio is not equal to one, which we accepted when the p-value is smaller than 0.05 [51]. A
uniformly most powerful unbiased (UMPU) test for equality of two Poisson rates derived in [55], [56] are recent
developments of the test for unequal sampling frames.

Higher incidence rates in males compared with females in the white race are statistically significant for all
types of tumors (p < 0.05). In contrast, gender specific rates for the black race do not significantly differ for spe-
cified low grade astrocytic tumor, ependynoma, supratentorial PNET, other specified and unspecified intracrani-
al and intraspinal neoplasms. Gender differences were only apparent for the most common histologies, glioblas-
toma and other glioma, for the other race. Male predominance in glioblastoma and anaplastic astrocytoma, with
a male to female ratio between 1.5 and 2.0 has been reported in [9] [13].

Incidence rates that differ (p < 0.05) by race for the same sex are also presented in Table 3. For the three most
frequently reported histologies: glioblastoma and anaplastic astrocytoma, astrocytoma NOS and other glioma
there are commonalities in the pairwise racial differences between males and females. Specifically, rates for both
sexes in whites are higher than those of the remaining two races, whereas rates for the black race are different than
that for other race only for astrocytoma NOS. Racial difference between blacks and others were not identified in
any other case most likely because of the small number of cases that were diagnostically confirmed. Incidence of
glioblastoma or anaplastic astrocytoma among Caucasians has been previously reported twice than that among
African Americans [57] [58].

The white predominance in incidence rates is confirmed with significantly higher rates for unspecified malig-
nant intracranial intraspinal neoplasms (rates for the black race are also significantly higher than rates for the other
race), and specified low grade astrocytic tumors. For medulloblastoma, the most common pediatric tumor, sig-
nificantly different racial pairs are between white and black males. With regard to observed patterns in racial
differences of ependymomas, rates are higher among whites in both sexes than the other race. In the current study,
the remaining racial differences are not common in both sexes.

Unspecified malignant intracranial and intraspinal neoplasms presented different rates for every racial pair we
compared, white-black, white-other, black-other in both sexes. Other specified intracranial and intraspinal neop-
lasms while accounting only for 2.6% of the cases have observed rates different compared with other reported
histologies. These differences may be due to variation in reporting, or even, frequently underreported tumors in
patients. Race specific rates are significantly higher for black than white females. In addition, rates for black males
are higher too, however the difference is not significant.

Although variation in the diagnoses may have larger influence than in clinical or institutional settings, the ac-
curate identification of differing patterns in the rates may have implications about the disease in the general
population. The large number of cases which are reported as astrocytoma NOS (17%) or unspecified (3.7%) in
these data suggest that certain histologies are underreported. On the other hand, there are histologies like supra-
tentorial PNET (1.1%) for which an obstacle to overcome is obtaining a sufficient number of cases (the data set
included 574 cases for the 34 years) to perform an analysis with adequate power.

3.2. Variations of Incidence by Age at Diagnosis

In the following paragraphs we will compare incidence rates between three age groups and examine the resulting
rates for both sexes and races for the histologies of interest. The age-group specific incidence rates are in most
cases similar to the overall rates, but in a few cases we identified sharp changes in incidence. In [59] a review of
glioma, ependymoma, and medulloblastoma, highlights the differences between adults and children, including
the higher incidence of spinal cord ependymoma and supratentorial high-grade glioma in the adults and a higher
incidence of medulloblastoma in the children.

Regardless of sex or race the incidence rates for young patients diagnosed with specified low grade astrocytic
tumors peak around the age of five. Nevertheless, the rate at this age is higher in females than males for the three
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races we have considered. Age-specific weighted average rates for both sexes were higher in six out of twenty one
instances for the young age group for females than males, in contrast with the incidence rates relation reported in
Table 3. For the two remaining age groups the incidence rate is fairly constant at about 0.3 per 100,000 person
years with no significant differentiation in gender and race.

Glioblastomas and anaplastic astrocytomas are the most common types of brain tumors diagnosed in the USA.
While the incidence rates for the young age group do not differ by sex or race, there is an impressive increase of
the rates for the adult age group especially for white males (the incidence rate increases more than four times
between the ages of 45 and 65, while the increase is two-fold for black males). For the elderly, the incidence
continues to rise for both sexes until the age of 75 with a ratio of 2:1 for males over females, also for white over
black and other race. Tumors of this type are frequently occurring in the other two racial groups for young ages,
especially between the ages of five and ten.

Regardless of the gender of the patient, the next most common tumor type is astrocytoma NOS with median
age at diagnosis 9.5, 42 and 75 for the three age groups. The comparison of incidence rates for different age
groups remains as reported in Table 3. The incidence increases sharply with age and peaks at the age of 65 with
an incidence ratio five times that of the age of 20, this effect is pronounced in all the races. Incidence rate for
other glioma young patients is higher between the ages of 5 to 10. Interestingly enough the rate for this age is
higher in blacks than any other race in contrast to the analysis presented in Table 3. The average age-specific
incidence rates for males and females for the three races depicted those differences; the average rate for blacks is
the highest in about half of the 21 computed rates. For the ages between 20 and 65 there is an increase of the in-
cidence rate with a magnitude of 4 and 2 for males and females respectively.

Ependymomas are most common before the age of 5 during the lifetime, even though there seems to be a
secondary peak for the incidence rate between the ages of 50 and 55, regardless of the sex and the race of the in-
dividual. When plotting incidence rates for white and black females, see Figure 1, we observed higher rates for
black than white females of younger age where most of the tumors actually occur, this behavior was not ob-
served in the male population. Medulloblastomas are diagnosed mainly in young patients, especially males
around the age of 5, are less common in adults, becoming exceptionally rare for the elderly. The average age at
diagnosis with medulloblastoma is higher for young males than young females (p < 0.05). We also noticed that
ependymomas in males are likely to occur earlier than in females, while the converse is true for medulloblasto-
ma. See [19] for a detailed analysis of pediatric brain tumors.

Young patients are the majority diagnosed with supratentorial PNET, though there is an insufficient number
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Figure 1. Incidence rates of primary ependymomas for the 0 - 19 age group. While estimated incidence rates
are higher for white than black females, the converse is true for the young ages. The peak before the age of
five is prominent for all the races and sexes. Rates are per 100,000 person years using the 2000 US standard
population on single years of age, SEER data.
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of cases to identify significant differences between racial and gender subgroups for this histology. Other speci-
fied intracranial and intraspinal neoplasms most commonly occur before the age of 5 in females especially, with
a secondary peak at the age of 65. Black patients were more often diagnosed with other specified intracranial
and intraspinal neoplasms. In Figure 2 we plot averaged rates of two sexes for the three races. In more detail,
incidence rates for young white females are higher than white males of the same age, while rates for middle
aged male whites are higher than middle aged white females. In the case of black middle-aged population the
female rate is higher than the rate for males.

Incidence of unspecified malignant intracranial intraspinal neoplasms increases with age especially for black
patients, rates rise abruptly after the age of 65. For both the malignant intracranial and intraspinal neoplasms and
the benign/border intracranial and intraspinal neoplasms we noticed a divergence between the rates for males
and females in the young age groups; specifically, there is a higher number of young males than young females
diagnosed with the aforementioned histologies.

4. Discussion

The study demonstrated an approach to understanding the patterns apparent in centralized data collections for
statistical compilation on incidence of tumors. This report documented incidence of primary brain and CNS tu-
mors, confirmed analyses in different subpopulations, even further noted separated trends in incidence for his-
tology groups and age at diagnosis. The interpretation of incidence patterns is dependent on technological im-
provements, which alter the accuracy of the information over time, and the artificial spread of the tumor in the
population because of changes in the classifications and coding. We have based our search on overall and his-
tology specific incidence rates of primary brain tumors from the SEER data for the USA.

For the study period, overall incidence rates were higher for males than females, the observed histology-spe-
cific incidence rates are generally reported higher for whites than the other races. The observed patterns in the
overall race and gender specific incidence were not always consistent with our analysis of incidence rates by age.
Notably, we found that black females were predominant in other specified intracranial and intraspinal neoplasms,
this change in the pattern of incidence is mostly evident after the age of forty-five. Overall, racial and gender
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Figure 2. Averaged incidence rates of primary other specified intracranial/intraspinal neoplasms for the 20 - 64 age group.

Estimated average rates for three races depict rates for young white females higher than white males of the same age, while
rates for middle-aged male whites are higher than middle aged white females. In the case of black middle-aged population

rate for females is higher than the rate for males.
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factors, play a major role but do not appear to be consistently linked with observed differences in brain cancer
incidence. Statistically significant difference in rates for all races and sexes were identified in astrocytomas NOS
and for unspecified malignant intracranial intraspinal neoplasms in females.

Estimated age specific rates of primary specified low grade astrocytic tumors peaked at the age of five, espe-
cially prominent for the white and other races, on the other hand, the incidence picture that emerged by gender
was one of female predominance at that age. We documented age specific rates of primary other gliomas where
the peak at the age of five is especially prominent for the black race, in contrast to overall incidence rates. Age
specific rates of primary ependymomas raise some concerns; incidence rates are significantly higher for white
females than black females, the converse is true for the young ages. Analyses of age specific incidence rates by
histology confirmed that the timing and impact of factors influencing incidence rates differ significantly among
races and sexes. Differing patterns in statistically significant histology specific incidence rates were identified,
although rates for whites compared to other races were higher for several histologies, the current report demon-
strated at least one change where the proportion for blacks was bigger.

We observed a substantial amount of deviation in the incidence rates of brain tumors for young patients in
contrast to the consistently observed sex and racial differences indicated by the overall rates. However, a major
obstacle for formulating and evaluating explanations is the rarity of those tumors diagnosed in young patients.
Further examination of the racial and gender differences for incidence in this age group using the broadest data
available would enhance our understanding of the established demographic variables.

We explored in detail histology-specific incidence patterns for various subgroups of the population. To assess
data on incidence that are currently available in the United States, compare the number of cases by tumor sub-
type and analyze such patterns in similar patient populations it is necessary to further separate artificial changes
from true ones. Comprehensive comparisons of the information from different resources are of great importance
for research associated with brain and CNS tumors to identify risk factors and their continuing influence.
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