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Abstract

Background:

Gliomas that aggregate in families with history of malignancy may have an inheritable genetic basis. Gliomas can

occur in several well known tumor syndromes. However, their occurrence in the absence of these syndromes is quite

rare. High-grade gliomas, such as glioblastoma multiforme (GBM), are the most common and most lethal primary

cancers of the central nervous system (CNS).

Case Description:

We present a case of two brothers both diagnosed with GBM. Both siblings underwent biopsy with debulking of the

tumors by different surgeons. Only one sibling elected to undergo chemotherapy and radiation. Cytogenetic studies

were possible only on one sibling and the tumor specimen revealed multiple chromosomal abnormalities, including

triploidies 4, 8, 12, 22 and loss of heterozygosity of 1p, 9p, and 10. Histological samples for both tumors were

similar, both revealing increased cellularity consisting of gemistocytic astrocytes, central necrosis, and

microvascularization.

Conclusion:

We present two brothers who display a rare familial relationship in the development of their GBMs. Supplementary

and improved genetic studies may allow for specific treatment modalities as certain genetic abnormalities have better

response to tailored treatments and carry better prognoses.
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INTRODUCTION

Most cancers occur as a result of genetic mutations leading to either loss of function of tumor suppressor genes or

activation of oncogenes.[2] Gliomas are known to occur in association with several well-defined hereditary tumor

syndromes, such as neurofibromatosis type-1 and -2, tuberous sclerosis, Li-Fraumeni, and Turcot syndrome.[5,24]

The familial occurrence of gliomas, specifically glioblastoma multiforme (GBM), in the absence of previously defined

neurological tumor syndromes does occur. However, it is still a rare event.[1–3,6–8,11] GBM in two siblings is

Familial glioblastoma: A case report of glioblastoma in two brothers an... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228386/?report=printable

1 di 11 09/12/2011 17.02



described in this manuscript. Interestingly, virtually identical histopathology and anatomical localization were noted in

these two clinical presentations.

CASE REPORT

Sibling 1 (Person F on pedigree diagram in Figure 1) was a 63-year-old Caucasian male who presented to his family

physician with symptoms of dizziness, headache, and unstable gait. Along with these symptoms, the patient

complained of immediate memory loss, impairment of immediate recall, as well as slurred speech for several days.

He denied any symptoms of nausea, vomiting, or visual loss. The patient had only a medical history that included

gastroesophageal reflux disease, diabetes mellitus, inflammatory bowel syndrome, and arthritis. Other than a slight

slurring of his speech, his physical exam was without overt abnormalities. He subsequently received a magnetic

resonance imaging (MRI) evaluation, which revealed a mass in the left temporal lobe approximately measuring 4.6 ×

3.6 × 4.5 cm. Another lesion was discovered in the left occipital lobe measuring 1.7 × 1.5 × 1.7 cm [Figure 2a and 2b

]. Histological examination of fresh tissue revealed a malignant hypercellular astrocytoma with microvascularization,

necrosis, abnormal mitoses, and bizarre nuclei [Figure 2c and 2d].

Consequently, neurosurgery was consulted and two days after having presented initially with his symptoms, the

patient underwent a left awake pterional craniotomy with left anterior temporal lobectomy and resection of the left

mesotemporal lobe with stealth navigation as well as placement of eight gliadel wafers. He was discharged two days

later with no focal deficits. A month later, the patient returned to his physician complaining of headaches, speech

alteration, and right sided weakness. The night before the onset of these new symptoms, the patient again had

episodes of severe headaches. MRI was performed and showed increase in size of the two previously noted lesions.

The patient underwent a repeat pterional craniotomy with resection of the tumor. The patient was discharged a week

later with a walker. The patient died four months later.

Sibling 2 (Person D on pedigree diagram Figure 1) was an 81-year-old Caucasian male with a history significant for

colorectal cancer, prostate cancer, and malignant melanoma. The patient presented to the emergency department

after several days of headache, dizziness, nausea, vomiting, and dehydration. The initial computed tomography (CT)

in the emergency room revealed a brain mass. Subsequent MRI studies showed a large peripherally enhanced lesion

in the right temporal lobe extending from the dural to the ventricular surface [Figure 3a and 3b]. Given his extensive

history with different types of malignancies, there was initial concern of metastatic disease. A few days later, the

patient underwent a right stealth guided craniotomy and microsurgical debulking with microscope and the Cavitron

ultrasonic surgical aspirator. Frozen sections were sent for further analysis. The remainder of the tumor was then

debulked superiorly, laterally, and inferiorly. Postoperatively, there were no complications and the patient was

discharged four days later. Sibling 2 refused further radiation or chemotherapy. He died a few months after surgery.

Histopathological evaluation and cytogenetic analysis on specimens were performed [Table 1, Figure 3c and 3d].

DISCUSSION

The familial cases of GBM presented here support a genetic basis for GBM. Given the rarity of GBM in the general

population and the even rarer event that it occurs within the same family, a genetic basis needs to be further studied.

It has been concluded that genetic factors are involved in the initiation and progression of gliomas. However, the

earlier theory that a single major gene was the sole cause has been virtually dismissed.[4,19,20] There have been

several characteristic genetic alterations documented in sporadic astrocytomas, especially glioblastoma.[4,19,31] On

the basis of segregation analyses in families with multiple glioma patients, autosomal recessive and multifactorial

Mendelian models have been suggested.[4,18]

Familial cases of GBM are rare occurrences.[1–3,6–8,11] Table 2 provides a summary of various cases reported in

literature. The rarity of familial GBM cases may be due to the fact that GBM is a relatively rare tumor so the

incidence of two sporadic cases occurring in the same family may be low. GBM cases, absent of any apparent

syndromes, especially those involving neurophakomatoses, such as neurofibromatosis, are hard to explain in familial

cases, because this kind of tumor comprises numerous genetic aberrations. A study by Rao et al., focusing on

genomic amplifications and deletions in 456 GBM cases identified 41 possible sites of amplifications and 45 possible
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sites of deletions.[25] Similarly, the fact that not every GBM case displays the same aberrations suggest that despite

the histological similarities among GBM cases, each case may be of a different molecular entity. In reported cases of

familial GBMs, although there appears to be a commonality in male disposition, there exist differences in age of

diagnosis, locations of tumors, multicentricity of foci, and, in those with available molecular analysis, different genetic

aberrations [Table 2]. Therefore, it is reasonable to argue that although familial cases of GBM may help elucidate

important mechanisms for tumorigenesis and tumor survival, the results may only shed light on subsets of GBMs.

In recent years, research has revealed some genetic abnormalities relevant to GBM, such as high frequencies of

allelic deletion on chromosome 9, 10 and 17, multiple tumor suppressor genes (TSGs) (e.g. p53, p15, p16, RB,

PTEN, DMBT1) and oncogenes (e.g. EGFR, MDM2) that are important for the development and progression of

GBM.[13,18,28,31] Figure 4 illustrates proposed combinations of mechanisms for the tumorigenesis of GBMs.[16,23]

Among them, the loss of heterogeneity (LOH) on 10q is one of the most common aberrations in primary GBM,

suggesting the presence of a gene critical for GBM formation on this chromosome.[17] Furthermore, according to

Ueki et al., when 1p or 19q LOH was accompanied by additional 10q LOH, such tumors were most likely (86%)

GBMs on consensus diagnosis.[29] Sibling 2's cytogenetics seem to support these study findings. In familial cases,

one may utilize gene expression studies in addition to cytogenetic analyses to provide more information regarding the

subset of GBMs as the information may be well correlated with the histopathology of the tumor.[30]

Sibling 2's tumor had many of the typical chromosomal abnormalities expected in GBM, such as losses of

chromosomes 1p, 9p, and 10.[18,27] However, previously reported abnormalities such as LOH in chromosome 19

and gain of chromosome 7 were absent.[10] Less common in GBMs is the combined loss of chromosomes 1p and

19q, a combination that is prognostically favorable as they are more chemosensitive.[12,27] This combination was

not present in our patient. Also, there were additional abnormalities not typically seen in GBM that occurred with this

patient, such as triploidies involving chromosomes 4, 8, 12, and 22. However, it should be noted that no abnormality

aforementioned was found consistently in all atypical cells. In addition, the literature indicates that genetic aberrations

may have predilection for specific histological variants of GBMs as summarized in Table 3. Unfortunately, there is a

lack of available literature regarding genetic aberrations in gemistrocytic GBMs, which may be the case in both of the

present patients.

An eighteen-year difference exists between the two brothers. Hypothetically, an interesting scenario would arise if the

81 year-old brother had died a few years earlier of another disease and examination of his brain is performed. As

there is a lack of molecular information in the present cases, it is difficult to assess whether the tumors are primary or

non-primary GBMs. Either case is possible, as there is no information on the tumorigenesis of the presented cases.

The TP53 and EGFR statuses would be useful as primary GBMs are often characterized by EGFR amplification and

secondary GBMs by TP53 amplifications within a certain degree of certainty.[23] If the tumors in the presented cases

were secondary and evolved from lower grade gliomas’, then theoretically, one should be able find pre-malignant

changes in this hypothetical situation. The analysis of genes involved in angiogenesis, including VEGF fms-related

tyrosine kinase 1 and IGFBP2, may also help to differentiate whether the GBMs in these familial cases are de

novo.[8] Histologically, the presence of gemistocytes in both brothers’ samples warrant further molecular investigation

as astrocytic tumors with greater than 5% gemistocytes have been reported to progress more rapidly to GBM and

may harbor TP53 mutations and cytogenetic abnormalities, such as chromosome 7p gains and 10q losses.[14,26,32]

Both siblings had almost identical histological findings and both tumor specimens had increased cellularity consisting

of gemistocytic astrocytes, which are cells with abundant glassy deep pink cytoplasm and eccentrically placed

nuclei.[15] Both had a high proliferation index of malignant cells and both patients’ lesions showed areas of

neovascularization, microhemorrhage, and central necrosis. It should be noted that the histological diagnosis of

human gliomas is of great importance for estimating patient prognosis and guiding therapy. However, this method of

diagnosis suffers from being subjective and does not distinguish the cases at the molecular level. Molecular genetic

analysis could provide a more objective means to classify familial GBMs into certain subsets, reduce diagnostic

variability, and provide more pertinent prognostic information for the patients.[25]
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Figures and Tables

Figure 1

Family Pedigree. Arrows refer to index patients. Causes of death for A and B–natural causes. B had been diagnosed

with a benign pituitary tumor. Cause of death for D and F (Sibling 2 and 1 respectively) - Glioblastoma Multiforme.

Cause of death for E - Acute Myeloid Leukemia at the age of 60. Family member K was diagnosed with colorectal

cancer in 2008 at the age of 45. All other members of family in pedigree are alive and healthy
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Figure 2

Sibling 1. (a) MRI Brain Axial view T1 with contrast. Large mass located in left temporal lobe region as well as

second mass in left occipital region. (b) MRI Brain sagittal T1 with contrast - note the ring enhancement of both

lesions. (c) Areas of mitotic activity in tumor cells with increased cellularity consisting of gemistocytic astrocytes (H

and E, ×100). (d) Areas of tumor, tumor necrosis and endothelial/vascular proliferation; all necessary to make a

diagnosis of glioblastoma (H and E, ×10)

Familial glioblastoma: A case report of glioblastoma in two brothers an... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228386/?report=printable

7 di 11 09/12/2011 17.02



Table 1

Cytogenetics of tumor specimen (Sibling 2)
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Figure 3

Sibling 2. (a) MRI Brain with contrast enhanced T1 axial peripherally enhanced lesion in right temporal lobe region

extending to the dural surface. (b) MRI Brain T1 sagittal view of same lesion. (c) Cellular glial neoplasm with

gemistocytic astrocytes (H and E, ×100) (d) Cellular glial neoplasm with vascular proliferation and focal necrosis (H

and E, ×10)
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Table 2

Summary of selected familial cases of glioblastoma multiforme in literature

Familial glioblastoma: A case report of glioblastoma in two brothers an... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3228386/?report=printable

10 di 11 09/12/2011 17.02



Figure 4

Genetic aberrations for the tumorigenesis of GBM. The genetic mechanisms for the different pathways of GBM

development was initially proposed by Lang et al. 1994.[16] Additional aberrations were added to the original

proposed mechanisms.[23] loss of heterogeneity represents a significant mechanism for glioblastoma multiforme

tumorigenesis in both the de novo and progressive pathways

Table 3

Cytogenetic aberrations of glioblastoma multiforme variants
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