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Abstract
Background—While certain inherited syndromes (e.g. Neurofibromatosis or Li-Fraumeni) are
associated with an increased risk of glioma, most familial gliomas are non-syndromic. This study
describes the demographic and clinical characteristics of the largest series of non-syndromic
glioma families ascertained from 14 centres in the United States (US), Europe and Israel as part of
the Gliogene Consortium.

Methods—Families with 2 or more verified gliomas were recruited between January 2007 and
February 2011. Distributions of demographic characteristics and clinical variables of gliomas in
the families were described based on information derived from personal questionnaires.

Findings—The study population comprised 841 glioma patients identified in 376 families (9797
individuals). There were more cases of glioma among males, with a male to female ratio of 1.25.
In most families (83%), 2 gliomas were reported, with 3 and 4 gliomas in 13% and 3% of the
families, respectively. For families with 2 gliomas, 57% were among 1st-degree relatives, and
31.5% among 2nd-degree relatives. Overall, the mean (±standard deviation [SD]) diagnosis age
was 49.4 (±18.7) years. In 48% of families with 2 gliomas, at least one was diagnosed at <40 y,
and in 12% both were diagnosed under 40 y of age. Most of these families (76%) had at least one
grade IV glioblastoma multiforme (GBM), and in 32% both cases were grade IV gliomas. The
most common glioma subtype was GBM (55%), followed by anaplastic astrocytoma (10%) and
oligodendroglioma (8%). Individuals with grades I–II were on average 17 y younger than those
with grades III–IV.

Interpretation—Familial glioma cases are similar to sporadic cases in terms of gender
distribution, age, morphology and grade. Most familial gliomas appear to comprise clusters of two
cases suggesting low penetrance, and that the risk of developing additional gliomas is probably
low. These results should be useful in the counselling and clinical management of individuals with
a family history of glioma.

Keywords
Glioma; Familial glioma; Clinical characteristics; Genetic counselling

1. Introduction
Intracranial gliomas account for approximately 70% of primary malignant brain tumours in
adults.1,2 The annual incident rates of tumours of neuroepithelial tissue in the United States
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(US) in 2005–2009 were 6.6 per 100,000.1 Nevertheless, these tumours are associated with
high morbidity and mortality.

A family history of glioma is reported in 5–10% of patients3–5 and several rare inherited
syndromes including Neurofibromatosis type-1 (NF1) and 2 (NF2) and the Li-Fraumeni
(LFS) have been associated with an elevated risk of the disease.6 A specific surveillance
programme is given to gene carriers of NF2 including regular screening with MRI to
facilitate early surgery with less morbidity.7 Recently, a targeted treatment, bevacizumab
has proven to be beneficial for treatment of acoustic neuroma in NF2 patients.8 Genetic
testing in families with LFS has been debated over the years and a novel surveillance
strategy using whole body MRI has recently been introduced enabling early stage disease of
relevant cancers to be detected.9

Few studies have searched for either germ line or somatic mutations in familial clusters of
glioma and germ line mutations in the p53 and cyclic AMP-dependent kinase number 2
(CDKN2) A genes were identified. Within the glioma tissue from non-syndromic cases,
aberrations of genes coding for cell cycle regulatory proteins involved in the control of G1/S
phase transition have been found. These include mutation or deletion of genes such as p53,
retinoblastoma (RB1), CDKN2 A/B, as well as amplification and over expression of the
CDK4 and CDK6 genes.10

Since the majority of cases reporting a family history of glioma have no identified genetic
cause, it is important to characterise the phenotypic features of non-syndromic families. For
example, in the initial breast cancer linkage studies, stratification of age of onset and
associated cancers such as ovarian cancer was key to the success of identifying BRCA1/
BRCA2.11,12

In 2004, the Gliogene Consortium was established13 to ascertain families with glioma and
identify susceptibility genes in high risk familial glioma pedigrees using high throughput
linkage. The consortium assembled information on 376 glioma families in 14 centres in the
US, Sweden, Denmark and Israel, during January 2007–February 2011. After genotyping 75
families evidence for disease locus for glioma susceptibility at 17q12-21.32q has been
found.14

This report characterises demographic, familial and clinical features of non-syndromic
glioma families.

2. Methods
The study was performed within the framework of a collaboration that collected familial
glioma cases from the US and Europe (including Israel) (Appendix A). Approximately
15,000 newly diagnosed glioma cases were screened for family history of glioma during the
study period (January 2007–February 2011). The eligibility criteria for inclusion were that
the family had to have at least two pathologically confirmed intracranial primary gliomas, in
1st/2nd/3rd-degree relatives. Additional gliomas were included based on personal report
even if not pathologically verified. Glioma was defined according to the International
Classification of Diseases for Oncology,15 morphology codes 86801, 9380/3-9451/3
(excluding 9381, 9390 and 9423), 9492/2-9493/0, 9505/1-9506/1, 9509, Y0793, Y4283,
Y4323 and Y5243. Families with a known inherited genetic syndrome associated with
glioma were excluded (Appendix B). The proband in each family was defined as the most
recently diagnosed glioma case (usually the patient identified through the study).

Families were identified through either a screening questionnaire administered to glioma
patients in the clinic setting (verified for completeness through population registries in
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Europe), medical record review of glioma patients’ reported family history of brain tumours,
or the Internet (www.gliogene.org).

Eligible probands were consented and completed a questionnaire (administered in-person or
by telephone). The questionnaire included a detailed family history on all 1st/2nd/3rd-degree
relatives and information on all known glioma cases in the family. All living affected
relatives were interviewed, and following consents, blood or saliva samples were collected.
If the glioma case had died, information was obtained from the next-of-kin (description of
recruitment sites and methods, Supplementary Table 1).

For each family the following data were available: family size, number of generations,
relationship to the proband, and for each family member, sex, race, ethnic background and
current age or age at death. The information on glioma cases included number of affected
individuals in the family, degree of relationship to the proband, age of glioma diagnosis and
histological type. Tumour grade was based on the 2007 World Health Organisation (WHO)
Classification of Tumors of the Central Nervous System.16

The study was approved by the relevant local institutional review board in each country. All
participants signed an informed consent form.

Families were divided into prevalent or incident depending on the date of glioma diagnosis
in the proband. A prevalent proband was defined as a glioma diagnosis before 2007 and an
incident proband as a diagnosis from 2007. This grouping was performed to enable a
separate data analysis of an unselected group (incident cases) that represents the entire
population of glioma patients as opposed to prevalent cases which might be selected by
better prognosis or other factors.

The final dataset was complete for demographic variables such as degree of relationship and
race. For the total study population (n = 9797), gender was unknown for 17 individuals
(0.17%), whereas vital status was unknown for 511 (5.2%). Age was missing in 2901
individuals (30%), of which, 3% had a 1st-degree relationship to the proband and 56% had a
2nd-degree relationship. Age at diagnosis was missing for 3 of the 841 glioma cases. Only
10 glioma cases were not pathologically confirmed. Most analyses included all glioma cases
(verified and unverified); analyses of tumour grade were based on histologically confirmed
tumours only (n = 831).

Statistical tests of differences in characteristics by groups of cases were performed as chi-
square tests for categorical variables and t-tests for continuous variables.

3. Results
In total, 376 families including 9797 individuals were available for analysis (Table 1).

The mean number of individuals per family was 26.1 ± 11.8, and the mean number of
siblings in the proband’s generation was 4.0 ± 2.1 (including the proband). Most families
(66%) included data on four generations (range 3–6). Fig. 1 shows the pedigree of one of the
families in which 3 generations were affected with glioma. In all centres, a male
predominance within families was shown.

The mean age of the entire study population was 57 ± 22 y (range 1–111); the highest mean
age was reported in Denmark (63 ± 21 y) and the lowest in Israel (47y ± 24 y).

Whites comprised 97% (n = 9464), Hispanic 2% (n = 179), Arab 0.7%, Black 0.7% and
Asian 0.2% (data not shown).

Sadetzki et al. Page 4

Eur J Cancer. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.gliogene.org


In total 841 gliomas were reported (Table 2). Most families had 2 glioma cases (83%) in two
generations (67%). For families with 2 glioma cases, 57% had a 1st-degree relationship
(35.5% between siblings, 33% and 26.5% between the proband and father/mother,
respectively and 7% in the proband’s offspring); and 31.5% had a 2nd-degree relationship.
For 49% of these families, one case was male and one was female while 30% were
composed of 2 males and 21% of two females.

For families with 2 gliomas, early onset (i.e. diagnosis <40 y) was seen for one case in 48%
of the families and in 12% for both cases. Average age at onset (i.e. 40–59 y) was seen for
one case in 61% of the families and in 16% for both cases. Late onset glioma (i.e. P60 y)
was seen for one case in 50% of the families and for both in 13%. Of these families, where
the histological grades were determined (n = 251), concordant grades were seen in 44%; in
76% of families at least one glioma was grade IV, and in 32% both were grade IV.

Of the 831 pathologically verified gliomas, a specific histopathologic diagnosis was
classified for 739 tumours (89%) (Table 3). Most gliomas (56%) were classified as grade IV
and 73% were classified as high grade (III/IV). The most common subtype was glioblastoma
multiforme (GBM) which accounted for 55% of all gliomas and 98.5% of grade IV tumours.
Anaplastic astrocytoma was diagnosed in 10% of all tumours (60% of grade III) and
oligodendroglioma in 8% (36% of grade II). The most common subtype classified as grade I
was juvenile pilocytic astrocytoma in 2% of all tumours. In 37 families with 2 gliomas, both
were diagnosed under 40y (Table 2). Of these, 13.5%, 40.5%, 20% and 26% were of grades
I, II III and IV, respectively. In 57% of these families glioma grades were mixed (high +
low), in 30% both gliomas were low grade and in 13.5% both were high grade.

The 376 families were divided into prevalent (n = 157) or incident (n = 219) families (Table
4). Of the 841 gliomas reported, 481 were from incident families and 360 from prevalent
families. There were more cases of gliomas among males, with a male to female (M/F) ratio
of 1.15 (p = 0.05). In the incident cases the M/F ratio was 1.25 (1.41 and 1.18 in the incident
groups from Europe and the US, respectively, p = 0.4).

The mean age at diagnosis for the whole group was 49.4 ± 18.7 y, however; the mean age at
diagnosis for the incident cases was 4y higher than that of the prevalent cases (51 ± 19 y
versus 47 ± 18 y, respectively p = 0.004). The mean age at diagnosis in the probands was
50.1 ± 17.1 y for the incident cases compared to 43 ± 15.6 y for the prevalent cases, while in
the non-probands, the mean age at diagnosis was 51.6 ± 20.4 y for the incident cases
compared to 50.5 ± 19.2 y for the prevalent cases (data not shown). The difference between
the mean age at diagnosis of the probands of the incident cases compared to the prevalent
cases was around 7 y (p = 0.00003); these differences were even more marked in probands
from the European centres where mean age at diagnosis was 52 ± 15.5 y and 36.9 ± 16.3 y
for the incident and prevalent groups, respectively (p = 0.0002) (data not shown). The
distribution of age at diagnosis by study centre (US versus Europe) for prevalent and
incident cases is presented in Fig. 2. About a third of the gliomas from the incident families
(39% from European centres and 31.3% from the US) were diagnosed between 40 and 59 y.
In the prevalent families, 43% were diagnosed in this age category and 68% were diagnosed
over 40 y (inclusive).

Differences in the distribution of tumour grade were also seen between the incident and
prevalent families (p = 0.009). In the prevalent cases, there were more grade II and less
grade IV compared to the incident cases (28% and 50% versus 18% and 60.5%,
respectively). Among the US incident cases, 80% were high grade tumours compared with
72% of European cases (p = 0.07). The mean age at diagnosis was 17.6 y younger for grades
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I–II (37.2 y) compared to grades III–IV (54.8 y) (p < 0.001). A similar difference in age by
grade was seen for all incident and prevalent groups.

Low grade gliomas (I/II) were distributed equally between the sexes, whereas for high
grades (III/IV), gliomas were more common among males (56%). High grade gliomas from
European incident families had the highest proportion of males (63%).

Twenty-six individuals reported having 2 gliomas (Table 5). For all, progression in grade
was seen except for 2 cases where the first and second gliomas were both grade II. The
second gliomas appeared between 0 and 14y from the first one (average = 5 y). In 6 cases
the grade of the first glioma was unknown and the second was between grades II–IV. In
50% of the cases, progression from low to high grade was seen.

4. Discussion
This study characterises the largest series of non-syndromic glioma families to date with at
least two gliomas per family, describing 376 families (841 gliomas) derived from 14 centres
in the US, Europe and Israel.

Despite the fact that only 5–10% of all cancer cases are familial,3–5 it is well established that
family history is a strong risk factor for almost all cancers.17 Nevertheless, additional
clinical features are required to differentiate between sporadic and hereditary cases, which
include early age of onset and specific tumour characteristics.

In this study, although the mean pedigree size was 26 relatives and most pedigrees (66%)
were of four generations, most families (83%) comprised only two glioma cases, of which
57% were between individuals with a 1st-degree relationship and 32% with a 2nd-degree
relationship.

The existence of multiple cancer cases in several generations is often used as evidence that
inherited factors are at play.17 However, various definitions for the number of necessary
cases within the family and degree of relationship exist. For example, among the definitions
for familial breast and ovarian cancer are 3 or more cases of breast cancer occurring under
60y or 2 cases of breast cancer diagnosed before 50 y or at any age if bilateral.18

The relatively small sample sizes of most series of brain tumours have limited the study of
familial aggregation of these tumours. A few studies have reported on selected
characteristics of familial gliomas. de Andrade et al screened 639 glioma probands (5088
relatives) from MD Anderson (1992–1995) and found 16 families with a family history of
brain tumours. Of these, 62.5% were between relatives with a 1st-degree relationship and
37.5% with a 2nd-degree relationship (compared to 57% and 31.5%, respectively, in our
study).19

In a study of 369 consecutive glioma patients recruited between 1983 and 1994 in Finland,20

24 families with 53 glioma patients were identified. The relationship between the glioma
patients was 1st-degree in 9 families (37.5%), 2nd-degree in 7 families (29%), 3rd-degree in
5 families (21%) and 5th-degree in 3 families (12.5%). A Swedish study yielded similar
results.3

The data on age at diagnosis in other series of familial cases are limited. In the study by de
Andrade the mean age at diagnosis of the glioma cases was 42.5y for 1st-degree relatives
and 40.3 for 2nd-degree relatives.19 In the study by Paunu, the mean age at diagnosis of the
familial cases was 32 y compared to 43 y in glioma patients without a family history.20
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The mean age of glioma diagnosis in our study, was 49.4 y which is in line with most
reports of sporadic cases. The average age of diagnosis was 54 y in an international multi-
source review21 of primary brain tumours, and in a pooled case-control study 51.7 y,22 and
Sadetzki reported 58.8 y, in a nationwide study that included glioma cases aged 18 y and
above.23 The age distribution at diagnosis seen in our study was similar to Globocan data;24

29% and 28% of diagnoses in both data sets were seen at an early age (<40 y), and 38% and
34%, respectively were diagnosed between 40 and 59 y. In our series, in about 50% of the
families with two cases, one had an early onset glioma (<40 y) and in 12% both cases were
of early onset.

However, a comparison of age at diagnosis between different studies is difficult because of
lack of uniformity between series (i.e. some include all primary brain tumours while others
discuss specific types, some include all ages while others report only on adults). Our study
included glioma patients diagnosed at any age, however, most centres recruited the probands
from adult clinics and thus there may be higher representation of adult patients. In addition,
the different collection methods employed by the different centres (some of which are
tertiary centres) could allow for selection bias due to non-representation of entire
geographical areas.

Selection bias may have also been increased by the inclusion of prevalent cases in the study
(which was carried out in order to enlarge the sample size of families with glioma).
Considering the fatality rate of gliomas this could lead to survival bias since the prevalent
group is characterised by lower grades which are usually diagnosed at an earlier age. Thus,
the analysis was performed together and separately for both groups of patients although we
believe that the incident cases better represent the complete group of glioma patients.
Indeed, our results demonstrate that while there was a 7-year difference in the mean age at
diagnosis between the incident and prevalent probands, the difference between mean age at
diagnosis for the incident and prevalent cases of the non-proband group was minor (51.6
versus 50.5, respectively). In this context, another limitation that could reduce the
completeness of the data should be mentioned. Underreporting of cancers, and/or missing
data on family members could exist due to data collection based on self-report. Distribution
of tumour grade and histological subtype of the familial cases reported in this study is
similar to that of sporadic cases described in the literature. In our study, the majority of the
families (78%) had at least one grade IV glioma (mostly GBM), and in 32% of families with
two gliomas, the histology was consistent with both cases having grade IV. The most
common glioma subtype was GBM (55%), followed by anaplastic astrocytoma (10%), and
oligodendroglioma (8%). CBTRUS data show that GBM accounts for 53.9%, anaplastic
astrocytomas 6.7% and oligodendroglioma 6.4% of all brain tumours.1

Published data also indicate that age distribution differs by tumour histology. A comparison
of age at diagnosis by histology between data of the CBTRUS and our study shows an
average age of onset of 64y versus 57.5y for GBM, 51 versus 44.9 for anaplastic
astrocytoma, 45 versus. 44.5 for astrocytoma NOS, 48 versus 49.7 for anaplastic
oligodendroglioma, 41 versus 41.8 for oligodendroglioma and 43 versus 46.5 for malignant
glioma NOS, respectively.1 Similarities were also seen when stratifying the age distribution
by grade; Ohgahi (2009) reported mean ages at diagnosis of 18.5, 42, 47 and 62 y for grades
I, II, III and IV, compared to 21.8, 40.4, 46.2 and 57.5 y in our study, respectively.25 These
data show that generally the age distribution of gliomas seen in our families is similar to
those reported in sporadic cases.

Our study results point at male predominance; consistent with the described 30–60% higher
proportion of males with gliomas1,19,22,23,26,27 although the exact M/F ratio differed by
centre. The M/F ratio seen for the incident cases of the European centres is in line with that
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reported for sporadic cases (1.4), indicating that the gender distribution of familial gliomas
is similar to that of sporadic gliomas.

Most families included in our study from the US were white. This demographic distribution
is different from the distribution in the general population of the USA where 15.4% are
African-American.1 This distribution is also different from the ethnic distribution of gliomas
in the US where 89.6% of all brain and CNS tumours are in whites and 10.4% are in
African-Americans. This raises the question whether these differences are due to different
genetic backgrounds, environmental risk factors or the selective recruitment method in the
US which did not truly represent the African-American population. The selectivity of our
study population is supported by another study by Dubrow who showed that 79.5% of
gliomas are among whites, 10% among Hispanics, 5% in African-Americans and an
additional 5% are Asians.26

5. Conclusions
This largest series of families with two or more glioma cases enabled us to explore
phenotypic features of non-syndromic familial glioma.

In contrast to other familial cancers, familial gliomas do not seem to appear more frequently
at an early age, with a distinct morphology or a different sex ratio compared to sporadic
forms of the disease. While the mode of inheritance of glioma could not be established,
dominant inheritance with low penetrance might be considered since in most families (83%)
only two glioma cases were seen in consecutive generations.

These data provide information for those engaged in the counselling of relatives of glioma
cases indicating that the risk of developing additional gliomas is probably low.

The existence of other cancer types that might exist in family members should be explored
to complete the description of the clinical phenotype of familial gliomas.

6. Research in context
We performed a search on PubMed using the terms: ‘familial glioma’, ‘familial brain
tumors’, ‘glioma etiology’ and ‘risk factors for glioma formation’ in order to compare
familial gliomas with sporadic gliomas with respect to demographic characteristics and
clinical manifestations. As expected, most publications dealt with rare inherited genetic
syndromes predisposing to glioma, (e.g. NF1 and NF2, tuberous sclerosis, etc.).We found a
few publications dealing with very small series of non-syndromic families with glioma. An
additional search was performed with the terms ‘sporadic brain tumors’, ‘Sporadic gliomas’
and ‘glioma clinical features’, as well as ‘familial cancer’.

Considering the rarity of data regarding demographic and clinical characterisation of non-
syndromic familial gliomas, the aim of the present report was to describe these features in a
large series of glioma families, which were identified in the framework of the multicentre,
worldwide collaboration called the Gliogene study.

7. Interpretation
In contrast to other familial cancers, familial gliomas do not seem to appear more frequently
at an early age, with a distinct morphology or a different sex ratio compared to sporadic
forms of the disease.
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Most familial gliomas appear to comprise only two cases suggesting low penetrance. These
data provide information for those engaged in the counselling of relatives of glioma cases
indicating that the risk of developing additional gliomas is probably low.

The existence of other cancer types that might exist in family members should be explored
to complete the description of the clinical phenotype of familial gliomas.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
A pedigree showing three generations of brain cancer (6 glioma cases).

Sadetzki et al. Page 12

Eur J Cancer. Author manuscript; available in PMC 2014 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Distribution of age at diagnosis of glioma in incident and prevalent cases by study centre
(United States [US] and Europe & Israel).
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Table 2

Distribution of gliomas in the families by selected characteristics.

All Glioma families n = 376

Gliomas per family n %

2 311 82.7

3 50 13.3

4 11 2.9

5 3 0.8

10 1 0.3

Total gliomas 841 100

Generations of gliomas in the families

1 108 28.7

2 253 67.3

3 15 4.0

2 Gliomas in family n = 311 families

Degree of relationship*

Number of 1st degree 166 56.9

Number of 2nd degree 92 31.5

Number of 3rd degree 34 11.6

Gender

Male/male 92 29.6

Male/female 153 49.2

Female/female 66 21.2

Age at diagnosis (y)

Early onset (<40 y) 187 60.1

   Both <20 y 4 1.3

   Both 20–39 y 19 6.1

   One <20; one 20–39 y 14 4.5

   At least one <40 y 150 48.2

Average onset 239 76.8

   Both 40–60 y 49 15.8

   At least one 40–60y 190 61.1

Late onset 196 63.0

   Both ≥60 y 41 13.2

   At least one ≥60 y 155 49.8

Tumour grade**

Same grade for both gliomas 110 43.8

   I/I 5 2.0

   II/II 14 5.6

   III/III 10 4.0

   IV/IV 81 32.3

Different grades of gliomas 141 56.2
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All Glioma families n = 376

Gliomas per family n %

   I/II 4 1.6

   I/III 2 0.8

   I/IV 12 4.8

   II/III 25 10.0

   II/IV 56 22.3

   III/IV 42 16.7

*
For 19 families the degree of relationship was unknown.

**
For 60 families (out of 311 families with 2 gliomas) data for one of the tumours behavior were unknown.
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Table 4

Distribution of glioma cases by date of diagnosis* and selected demographic and clinical characteristics.

Total Incident* Prevalent*

Total Europe & Israel# US Total

n = 376 families n = 219 families n = 73 families n = 146 families n = 157 families

n = 841 gliomas n = 481 gliomas n = 159 gliomas n = 322 gliomas n = 360 gliomas

n % n % n % n % n %

Gender

   Males 450 53.5 267 55.5 93 58.5 174 54 183 50.8

   Females 391 46.5 214 44.5 66 14.5 148 46 177 49.2

   M/F ratio (all) 1.15 1.25 1.41 1.18 1.10

Age at diagnosis ** (n = 838)

   Mean ± SD 49.4 + 18.7 51.0 ± 19.0 51.1 ± 16.4 50.9 ± 20.1 47.2 ± 18.1

   Range 1–92 1–92 4–82 1–92 1–91

   <20 59 7.0 34 7.1 4 2.5 30 9.4 25 6.9

   20–39 186 22.2 96 20.1 34 21.4 62 19.4 90 25.1

   40–59 316 37.7 162 33.8 62 39.0 100 31.3 154 42.9

   60–69 169 20.2 116 24.2 40 25.2 76 23.8 53 14.8

   70+ 108 12.9 71 14.8 19 11.9 52 16.3 37 10.3

Tumour grade *** (n = 739***)

   I 35 4.7 20 4.7 6 4 14 5.1 15 4.7

   II 165 22.5 77 18.2 36 24 41 15.0 88 27.8

   III 126 17.0 70 16.5 30 20 40 14.7 56 17.7

   IV 413 55.9 256 60.5 78 52 178 65.2 157 49.7

Age at diagnosis by grade*****

   Grades I–II 37.2 ± 16.1 38.5 ± 17.4 42.7 ± 16.2 35.3 ± 17.8 35.9 ± 14.8

   Grades III–IV 54.8 ± 16.4 55.8 ± 16.4 55.1 ± 14.8 56.1 ± 17.2 53.4 ± 16.3

Tumour grade by gender (n = 739****)

   Grades I–II total 200 100 97 100 42 100 55 100 103 100

   Males 99 49.5 44 45.4 21 50 23 41.8 55 53.4

   Females 101 50.5 53 54.6 21 50 32 58.2 48 46.6

   Grades III–IV total 539 100 326 100 108 100 218 100 213 100

   Males 300 55.7 191 58.6 68 63 123 56.4 109 51.2

   Females 239 44.3 135 41.4 40 37 95 43.6 104 48.8

*
When the glioma in the proband was diagnosed from 2007 all gliomas in the family were included in the incident cases column; when the glioma

in the proband was diagnosed before 2007 all gliomas in the family were included in the prevalent cases column.

**
Excluding three cases with unknown age at diagnosis; comparison between mean age at diagnosis of incident and prevalent p = 0.003.

***
P-value = 0.00009 (total incidents versus prevalent).

****
For 92 cases of the 831 verified tumours, tumour histological behavior was unknown, and for 58 cases of the 481 verified tumours from the

total incident cases, tumour histological behavior was unknown.
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*****
For grades I–II P-value = 0.3 (total incident versus total prevalent).

#
Europe & Israel – Families from the Israeli centre were included in the Europe classification.
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