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Gliomas in Families

Y. Ikizler, D.J. van Meyel, D.A. Ramsay, G.L. Abdallah, R.M. Allaster,
D.R. Macdonald, W.K. Cavenee and J.G. Cairncross

ABSTRACT: This is a descriptive study of 19 families with glial tumors. Twelve were identified prospectively from
178 consecutive, unrelated adults and children with newly diagnosed gliomas seen at a regional cancer center between
01 Jan 89 and 31 Mar 91 (6.7%). There were 45 affected members (42 confirmed); 30 males, 15 females, ages 4
months-78 years (median, 44.5 years; mean, 38.9 years). Two families had four affected members, three families had
three, and the others two. All confirmed tumors were supratentorial and all, save one, contained an astrocytic element.
Three additional members of two families had other brain or neuroectodermal tumors. These families were not unusu-
ally cancer prone and did not appear to have neurofibromatosis, tuberous sclerosis, or colonic polyposis. There was no
consistent pattern of inheritance.

RESUME: Familles avec gliomes. Nous décrivons 19 familles avec tumeurs gliales. Douze de ces familles ont été
identifiées de fagon prospective a partir de 178 cas consécutifs, chez des adultes et des enfants non-apparentés, chez
qui on a diagnostiqué un gliome, et qui ont été vus a un centre régional de cancérologie entre le 1 janvier 89 et 31
mars 91 (6.7%). Parmi les 45 cas dans ces familles (42 diagnostics donfirmés), 30 étaient de sexe masculin et 15 de
sexe féminin, entre 4 mois et 78 ans (4ge médian 44.5 ans; 4ge moyen 38.9 ans). Deux familles avaient chacune 4 cas,
3 familles en avaient 3 et les autres 2. Toutes les tumeurs confirmées étaient sus-tentorielles et toutes sauf une avaient
un élément astrocytaire. Trois membres additionnels de 2 familles avaient d’autres tumeurs cérébrales ou neuro-ecto-
dermiques. Ces familles n’étaient pas particulieérement sujettes au cancer et ne semblaient par atteintes de neurofibro-
matose, de sclérose tubéreuse ou de polypose colique. 11 n’y avait pas de mode de transmission héréditaire particulier.
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Most gliomas occur sporadically with no known cause. There METHODS
is circumstantial evidence that environmental insults, principally
chemicals and radiation, predispose to glial tumors.' Severe
head injury and longstanding seizure disorders may be additional
risk factors.2 “Rare” families with glioma®'¢ and the appearance
of glial tumors in patients with neurofibromatosis, tuberous
sclerosis, colonic polyposis,'”'® and the Li-Fraumeni
syndrome,'?2! suggest that heritable genetic factors also play a
role in glioma formation. Perhaps environmental factors trigger
glial tumors in genetically predisposed persons, a speculation
consistent with the current view that most adult cancers, includ-
ing glioma, are the end result of a cascade of genetic abnormali-
ties.?223 We are studying hereditary influences and describe 19
families with glioma. These families have been ascertained by
various means at a regional cancer center over three years. Not

Beginning 01 January 1989 all patients with newly diag-
nosed glial tumors referred to the London Regional Cancer
Centre (LRCC) were questioned regarding a family history of
brain tumor. Patients were interviewed on multiple occasions
and, whenever possible, we questioned spouses, parents and
other close relatives. Positive reports were pursued. Following
accepted release of information procedures, we obtained pathol-
ogy and autopsy reports on relatives suspected of having had a
brain tumor and recorded the neuropathologic diagnosis. After
confirming a positive family history of primary intracranial neo-
plasm, that is, two or more related individuals with pathologi-
cally documented tumors, we directed our attention to the fami-
lies with glioma. Pedigrees were constructed and relationships
between affected persons determined. Ethnic background and

included in this report are eight additional families confirmed
since preparing this manuscript and 12 in which gliomas have
occurred in association with non-glial primary brain tumors
(e.g., meningioma, medulloblastoma).

age at diagnosis were recorded, the latter was compared with
tumor pathology within and between affected generations. The
proband was re-examined, the affected relatives’ records
reviewed, and family members questioned for evidence of an

From the Departments of Oncology (Y.l.,, D.J.V.M., D.R.M., J.G.C.), Clinical Neurological Sciences (D.A.R., D.R.M., J.G.C.) and Pathology
(D.A.R.), University of Western Ontario and London Regional Cancer Centre (G.L.A., RM.A., D.R.M,, J.G.C.), London; Ludwig Institute for Cancer

Research (W.K.C.), San Diego Branch, San Diego
Received December 13, 1991. Accepted in final form May 14, 1992.

Reprint requests to: J. Gregory Cairncross, MD, London Regional Cancer Centre, 790 Commissioners Road, East, London, Ontario, Canada N6A 4L6

492

https://doi.org/10.1017/5031716710004169X Published online by Cambridge University Press


https://doi.org/10.1017/S031716710004169X

hereditary neurocutaneous disorder, or colonic polyposis. Lastly,
a detailed cancer history was obtained from each family. Other
families were ascertained retrospectively by interviewing
patients diagnosed and treated at this center prior to 1989, and
by reviewing our records. At least one affected member of each
family, usually the proband, was a patient at the London
Regional Cancer Centre. In each instance the patient was
referred to the LRCC, the regional radiation facility, for neuro-
oncologic assessment and treatment. Since we did not solicit
familial cases, to our knowledge, referrals were not motivated
by a family history of brain tumor, nor by our interest in “famil-
ial” cases.

RESULTS

We report 19 families with glial tumors. For brevity, the
pedigrees presented in Figure | are restricted to patients, first
degree relatives and “carriers”. Twelve families were identified
prospectively by interviewing 178 consecutive, unrelated adults
and children with newly diagnosed gliomas seen at the LRCC
between 01 Jan 89-31 Mar 91. During this interval 6.7% of new
patients had a blood relative with a glial tumor. Two families
had four affected members, three families had three, and the
others two. The relationship between the proband and other
affected relatives was first degree in seven instances, second
degree in eight, third degree in six, and distant in four. Except
for families 1, 5, 8 and 9, the proband was a member of a recent
generation, predeceased by his/her affected relative. Affected
persons in families 2, 7, 10, 12, 17, 18 and 19, at one point in
time, occupied the same household. The illnesses overlapped
temporally in families 5, 8, 9, 11 and 17. All families were
Caucasian and of European descent. Perhaps of note, there were
two Mennonite families (families 12, 16), two Dutch families
(families 6, 7), one Newfoundland family (family 5), one French
Canadian family (family 18) and one Jewish family (family 19).

There were 45 affected persons, 30 males and 15 females. By
reviewing surgical pathology and autopsy records we were able
to confirm the diagnosis on 42, all had supratentorial tumors
(Table 1). There were 21 glioblastomas, 11 anaplastic astrocy-
tomas, one anaplastic mixed glioma (oligoastrocytoma), six
astrocytomas, one oligodendroglioma, and two mixed gliomas
(oligoastrocytomas). Three unconfirmed cases are included in
Figure 1. A female cousin of three affected brothers (family 7)
had an “astrocytoma” according to her Dutch physician but we
have not received a copy of the pathology report. Two distant
relatives in families 3 and 6 are unsubstantiated but are included
because in each family there were two other pathologically con-
firmed cases. Three additional members of families 3 and 6 had
other brain or neuroectodermal tumors. The mother of the
proband in family 3 had a meningioma. The paternal aunt of the
proband in family 6 had neuroblastoma and his mother’s identi-
cal twin sister had melanoma.

Age at diagnosis among confirmed cases ranged from four
months to 78 years (median 44.5 years; mean 38.9 years). Seven
patients, ages 16, 29, 36, 41, 56, 63 and 73 (four glioblastomas,
two anaplastic astrocytomas, one astrocytoma), were diagnosed
in the precomputed tomographic (CT) scan era. Figure 2 illus-
trates the distribution of low, intermediate and high grade
gliomas (e.g., astrocytoma, anaplastic astrocytoma, glioblas-
toma) by age at diagnosis. Fifty percent of patients were diag-
nosed by age 45, but more patients were diagnosed in the sixth
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decade of life, than any other. Patients with low grade and
anaplastic gliomas were somewhat younger at diagnosis than
those with glioblastoma. Table 2 demonstrates that patients from
earlier generations were always older at diagnosis than those
from recent ones (mean age 57.6 years vs 32.1 years) despite
similar pathologies (i.e., malignancy stages). By way of con-
trast, Table 3 demonstrates that affected persons from the same
generation tended to develop tumors at the same age despite a
wider range of malignancy stages.

Twenty-eight affected individuals were examined by physi-
cians or surgeons at this center (23 by DRM or JGC), none had
the peripheral stigmata of tuberous sclerosis or neurofibromato-
sis type 1. None of the patients or their relatives had acoustic
neuromas or colonic polyposis and, apart from gliomas, were
not unusually cancer prone. The other types of cancer that
occurred in these families are listed in Table 4. There were two
breast carcinomas, one osteosarcoma and one leukemia, but no
soft tissue sarcomas or adrenal carcinomas. Only gastrointesti-
nal malignancies occurred with any frequency. Interestingly, the
proband in family 19, a 70-year-old man with a glioblastoma,
had a small asymptomatic colon cancer at autopsy.

DISCUSSION

The families described in this report do not appear to have
neurofibromatosis type I, bilateral acoustic neurofibromatosis,
tuberous sclerosis, or colonic polyposis, heritable disorders
known to be associated with glioma. The possibility that these
families have a “forme fruste” of the above, detectable at a
molecular level, cannot be excluded. The frequency and distri-
bution of other cancer types in these families effectively elimi-
nates the Li-Fraumeni syndrome as an explanation for these
“familial” cases but here again molecular analysis would be
necessary to exclude the possibility of a variant disorder.
Gliomas in families have suggested to some*'6 that heritable
factors play a role in the genesis of glioma even in the absence
of a predisposing hereditary syndrome. Perhaps the single most
compelling report of this nature is one by Maroun et al.®
describing two interrelated Newfoundland families with ten
affected persons in three generations. Recently, Lossignol et al.?
have observed that 9.4% (3/32) of patients with anaplastic astro-
cytomas enrolled in a treatment protocol at The Johns Hopkins
Oncology Center had at least one first degree relative with an
astrocytic tumor. They speculated that gliomas might occur in
families more frequently than previously recognized. In our
experience, over 27 months, 6.7% of newly diagnosed patients
gave a positive and verifiable family history of glioma. The
relationship between affected relatives was first degree in 3/12
families identified prospectively (7/19 overall).

The appearance of gliomas in families is not necessarily evi-
dence of inheritance. The methods we have used to ascertain
and analyze these cases do not exclude the possibility that
chance and environmental factors explain gliomas in families.
Hochberg et al.,* in a case-control study of non-occupational
risk factors for glioblastoma among 160 consecutive patients
and 128 healthy controls, found that seven patients and 10 con-
trols had a parent or sibling with a “brain tumor”. These “posi-
tive” family histories were taken at face value and not verified
pathologically, but nevertheless emphasize that gliomas are not
rare illnesses and, by chance alone, could affect close relatives.
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Figure | — Abbreviated pedigrees of 19 families with glioma (arrow indicates proband).
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Table 1. Pathological Diagnosis of Confirmed Cases by Family

Family Pathology Family Pathology

| Glioblastoma (P) 11 Mixed Glioma (P)
Anaplastic Astrocytoma Astrocytoma

2 Anaplastic Astrocytoma (P) 12 Glioblastoma (P)
Astrocytoma Glioblastoma

3 Anaplastic Astrocytoma (P) 13 Glioblastoma (P)
Glioblastoma Glioblastoma

4 Glioblastoma (P) 14 Glioblastoma (P)
Anaplastic Astrocytoma Glioblastoma (aunt’s son)

Astrocytoma (uncle’s son)
5 Astrocytoma (P) 15 Anaplastic Astrocytoma (P)

Mixed Glioma (second cousin)

Anaplastic Astrocytoma (nephew)

Glioblastoma (distant cousin)

6 Glioblastoma (P)
Glioblastoma

7 Astrocytoma (P)
Glioblastoma
Anaplastic Astrocytoma

8 Anaplastic Astrocytoma (P)
Anaplastic Astrocytoma

9 Glioblastoma (P)
Anaplastic Astrocytoma

10 Astrocytoma (P)

Anaplastic Astrocytoma

Glioblastoma

16 Glioblastoma (P)
Glioblastoma

17 Glioblastoma (P)
Oligodendroglioma

18 Glioblastoma (P)
Anaplastic Mixed Glioma

19 Glioblastoma (P)

Glioblastoma

(P) = proband
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Figure 2 — Bar graph demonstrating number of cases, age at diagno-
sis and pathology for 42 confirmed cases.

The probability of observing at least two affected persons in a
family, given at least one affected person, can be estimated. For
example, assuming an incidence for glioma of 4/100,000 popu-
lation/year (i.e., the published age-adjusted incidence rate), 30
persons/family and 70 risk years/person, the probability of
observing at least two glioma cases, given at least one, is 4%.
This generous estimate of chance occurrence in families is still
smaller than the observed rate which may be as high as 6-9%.
We too think gliomas occur in families more frequently than
predicted by chance, but are not certain. To clarify this issue we
are now using spouses as case controls. Furthermore, family
members often share a common environment and as such may
share exposure to potential carcinogens. No environmental risk
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Table 2. Comparison by Family of Age at Diagnosis and Pathology
Among Affected Individuals From Different Generations

Family Earlier Generation Later Generation

Number Age Pathology Age Pathology
1 57(P) GBM 4 months AA
3 40 GBM 30(P) AA
4 36 AA 24(P) GBM
N 60(P) A 29 AA

56 GBM 17 MG

6 75 GBM 16(P) GBM
8 59(P) AA 31 AA
9 41(P) GBM 28 AA
12 66 GBM 45(P) GBM
13 78 GBM 44(P) GBM
15 41 GBM 28(P) AA
16 63 GBM 55(P) GBM
18 62 GBM 32(P) AMG
19 73 GBM T0(P) GBM

Average Age 57.6 32.1

(P) = proband
AA = anaplastic astrocytoma
MG = mixed glioma

GBM = glioblastoma
A = astrocytoma
AMG = anaplastic mixed glioma

factors for glioma were identified in these families but our anal-
ysis was not exhaustive in this respect.

Gliomas, as they appeared in these families, were not
remarkably different from “sporadic” cases in terms of male to
female ratio, age at diagnosis, or distribution of tumor types. Of
note, in families where affected persons were members of differ-
ent generations, those from recent generations were invariably
younger at diagnosis. Younger age at diagnosis in patients from
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Table 3. Comparison by Family of Age at Diagnosis and Pathology
Among Affected Individuals From Identical Generations

Family
Number Age Pathology Age Pathology Age Pathology
2 40(P) AA 30 A — —
5 (earlier generation)
60(P) A 56 GBM — —
(later generation)
29(P) AA 17 MG — —
7 59(P) A 56 GBM 65 AA
10 28(P) A 23 AA — —
I 38(P) MG 16 A — —
14 68(P) GBM 47 GBM 56 A
17 47(P)y GBM 50 (0} — —

(P) = proband AA = anaplastic astrocytoma
A = astrocytoma GBM = glioblastoma
MG = mixed glioma . O = oligodendroglioma

Table 4. Cancers in the Families with Glioma

Number Number
Cancer Type of Cases Cancer Type of Cases
Bladder | Osteosarcoma* 1
Breast* 2 Ovarian |
Colorectal 5 Pancreas |
Leukemia* 1 Prostate 3
Melanoma | “Stomach” 5
Myeloma 1 “Cancer” 6

1

Neuroblastoma

*Cancers associated with the Li-Fraumeni Syndrome.

recent generations is commonly observed in hereditary condi-
tions and, in most instances, can be ascribed to earlier diagnosis
or biased ascertainment of cases. Earlier diagnosis may result
from anticipation by family members or their physicians, or
improved diagnostic methods, or both. The cohort of family
members at risk in a recent generation is younger-on-average
than a similar cohort from an earlier generation; it follows that
affected persons from a recent generation will also be younger-
on-average. Presumably these factors explain the 25-year age
difference in this study, although it is conceivable that genetic
mechanisms also contribute to younger age at diagnosis in
affected persons from later generations.

If gliomas in these families are evidence of a heritable genet-
ic abnormality causing brain tumors, what might it be? We can
only speculate. Three important features of these families
emerge from an analysis of Figure 1: first, males and females
are affected; second, most family members are unaffected; third,
there is no predictable pattern of inheritance. A dominant sus-
ceptibility gene of low penetrance® might explain the patterns
in families 1, 3-6, 8, 9, 11-16, 18 and 19 but the clustering of
tumors in children of unaffected parents in families 2, 7, 10 and
17 suggests a recessive gene. While it is conceivable that a heri-
table cancer might be transmitted between generations by a
dominant mutation of variable penetrance, there is no convinc-
ing experimental evidence that this occurs in humans. On the
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other hand, there is considerable evidence that recessive muta-
tions of growth suppressing genes lead to the heritable passage
of cancer predisposition, as revealed by the retinoblastoma (Rb)
paradigm.?® In this pediatric eye tumor for which both sporadic
(unilateral) and familial (bilateral) cases exist, germ line het-
erozygosity for the mutant Rb allele is reduced to homozygosity
by somatic mutation in the retina. Because somatic mutation
occurs frequently in heterozygotes virtually all carriers develop
retinoblastoma. The same appears to be true for the p53 gene
and the Li-Fraumeni syndrome.20-2!

Unlike retinoblastoma and the Li-Fraumeni syndrome, most
individuals “at risk” in families with glioma remain unaffected.
Any analogy between families with glioma and these inherited
cancer syndromes must come to terms with this discrepancy.
Recently, Sakai et al.?’ have reported that naturally occurring
point mutations in recognition sequences of the Rb gene promo-
tor cause an hereditary low-penetrance retinoblastoma syndrome
characterized by frequent asymptomatic or unilaterally affected
carriers. Perhaps a similar mechanism involving another gene or
multiple genes can be invoked to explain infrequent gliomas in
families.

Searching for gliomas in families has taught us that a posi-
tive history is not always apparent initially, that a family mem-
ber other than the patient is usually the best historian, and that
most families are eager to cooperate. We continue to search for
families with glioma, collecting blood and tumor wherever pos-
sible, believing that analysis of their DNA will one day facilitate
the identification of genes important for glioma induction.
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