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Complete diagnostics and clinical approach for a female
patient with unusual glioblastoma: A case study
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Abstract. The present study reports a case of a 44‑year‑old
female patient with a large frontal lobe tumor who underwent
surgery using a modern navigation system SonoWand that
combines the advantages of a non‑frame navigation system
with intraoperative real‑time ultrasound imaging. The right
frontal lobe tumor consisted of two morphologically different
sections. A diffuse astrocytoma grade II and a glioblastoma
grade IV were identified. These tumors were relatively
substantially separated. A 17 p deletion, including TP53, was
detected in a diffuse astrocytoma but not in a glioblastoma.
EGFR and MDM2 amplifications were detected only in a
glioblastoma. Detection of these amplifications is typical for
primary glioblastomas. These findings support our assumption of two independent tumors. The KRAS, BRAF and EGFR
gene mutations were also detected in a glioblastoma. Such an
accumulation of molecular mutations is rare in one tumor.
Following oncological treatment the patient was cared for in
the oncological center and survived for 15 months after the
surgery without any signs of a disease. This is an unusual case,
and to the best of our knowledge, is not frequently published
in literature.
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Introduction
High‑grade astrocytomas are the most difficult tumors to treat.
In 2009, 412 new cases of astrocytomas were diagnosed in
the Czech Republic, which accounts for 3.92 new tumors per
100,000 people. In total, 57.9% of newly diagnosed cases are
glioblastomas, the most aggressive variant of astrocytomas.
Two types of glioblastoma multiforme (GBM) can be recognised. Secondary GBMs develop from anaplastic or diffuse
astrocytomas. Primary GBMs do not have any previous developmental phases (1).
Standard treatment includes maximal cytoreductive surgery
followed by concomitant chemotherapy and adjuvant chemotherapy. Chemoradiotherapy with temozolomide following
the surgery significantly extended overall survival. Median
survival of patients with concomitant chemoradiotherapy
was 14.6 vs. 12.1 months without chemotherapy, and 2‑year
survival was 26 vs. 10% without chemotherapy (1). Radicality
of resection is an important prognostic factor. According to a
2001 study, the optimal resection denotes >98% of a preoperative tumor volume. In the case of radical resection the median
survival is 13 vs. 8.8 months in the case of lower radicality (2).
Regardless of this comprehensive treatment, a prognosis of
glioblastoma patients remains extremely poor. The addition of
molecular biological examinations to the complete patient care
could improve this unfavorable situation. These examinations
help us to divide patients into individual prognostic groups and
to choose the appropriate therapy, or they could possibly help
us detect formerly unknown factors influencing the glioblastoma prognosis. From the molecular biological point of view,
the types and numbers of cumulative genetic alterations are
of importance. The important alterations occur in the p53,
PTEN and EGFR genes (3,4). Molecular biological changes
in primary glioblastomas are different from the molecular
biological changes in secondary glioblastomas (3,4).
In the case of secondary glioblastomas developing from
diffuse and anaplastic astrocytomas, detected mutations, such
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as the mutation or amplification of the EGFR gene, and the
deletion of the PTEN gene, are found less frequently compared
to the case of primary glioblastomas (3). However, the TP53
deletion is often detected (3).
Pathophysiological protein kinase and molecular cascades,
particularly p53/MDM2/p14, p16/cyclin‑dependent kinase 4/retinoblastoma protein 1 and epidermal growth factor receptor
(EGFR)/phosphatase and tensin homolog (PTEN)/mammalian
target of rapamycin (mTOR)/phosphoinositide 3-kinase/protein
kinase B, have an important role in the pathogenesis and
prognosis of GBM (5,6). Glioblastomas belong to the group
of highly vascular tumors, and tumor elements produce large
quantities of vascular endothelial growth factor (VEGF)
protein. Significantly higher concentrations of VEGF protein
were detected in glioblastoma tissues in comparison with
anaplastic astrocytomas (grade III) and low‑grade astrocytomas (grade II) (7‑9). Specific molecular biological changes
in primary glioblastomas are the PTEN gene deletion, loss of
heterozygosity on chromosome 10, the EGFR gene mutation
and amplification, and MDM2 amplification (10). The tumor
suppressor PTEN gene is located on the long arm of chromosome 10 (10q23.3). Its role is to block the cell cycle in the
G1 phase. Malfunction of the PTEN gene is connected with
the progression of low‑grade astrocytomas to more malignant
tumors. This mutation detection is associated with a worse
tumor prognosis.
The EGFR gene can be found on the short arm of chromosome 7 and it is the most frequently amplified oncogene
in primary glioblastomas. EGFR is a membrane receptor for
members of the EGF‑family of extracellular ligands. EGFR
activation stimulates intracellular protein‑tyrosine kinase
activity and autophosphorylation of several tyrosine (Y)
residues in the C‑terminal domain occurs. The activation
of signalling cascades of protein kinases mitogen‑activated
protein kinase [RAS and B-Raf proto‑oncogene, serine/threonine kinase (BRAF)] (11) leads to DNA synthesis and cell
proliferation. EGFR amplification possibly has a role in diffuse
glioblastoma infiltration into surrounding tissues.
The present case report demonstrates an unusual case of
two independent gliomas in a 44‑year‑old female patient. A
diffuse astrocytoma and a primary glioblastoma were detected
morphologically and by molecular biological analysis.
Case report
A 44‑year‑old female patient was examined in the Department
of Neurosurgery (Third Faculty of Medicine, Charles University
in Prague and University Hospital Kralovske Vinohrady in
Prague, Prague, Czech Republic) for headaches that were prominent for 2 months. Headaches were of an increasing intensity
and a magnetic resonance imaging (MRI) scan (Figs. 1 and 2)
showed a large expansive process in the right frontal lobe
(81x70x76 mm), with the pressure on midline brain structures
and compression of the ventricular system. The MRI scan
indicated a glioma. Neurological examination revealed light
left‑sided hemiparesis.
Extirpation of a multicomponent tumor was performed.
On the surface there was a component corresponding with
high‑grade gliomas changing quite sharply into a low‑grade
glioma in the central section. Tumor extirpation was performed

Figure 1. Preoperative magnetic resonance imaging axial scan (high‑ and
area low‑grade areas).

Figure 2. Preoperative magnetic resonance imaging coronal scan (high‑ and
area low‑grade areas).

Figure 3. Postoperative magnetic resonance imaging coronar and sagital scan
(high‑ and area low‑grade areas).

using an operating microscope, navigation system SonoWand
and cavitron ultrasonic surgical aspirator. The border of a
low‑grade component was not visible against surrounding
tissues. By contrast, it was well visible in the sono image and
the real‑time imaging during the extirpation of this section
of tumor aided with the assessment. Thus, it was possible to
achieve radical resection without post‑contrast enhancement
in the follow‑up MRI scans. Surgery was executed without any
complications. Left‑sided hemiparesis regressed. The tumor
was removed radically, there was no evidence of disease on the
follow‑up MRI scans and the patient did not experience any
significant complications (Fig. 3).
Samples were removed from different tumor areas for
histological and molecular biological testing. The tumor
component preoperatively corresponding to a low‑grade
glioma was pathologically identified as a diffuse astrocytoma
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Table I. Molecular profile of sample areas demonstrating the
difference between low‑ and high‑grade glioma.
Analysis
Molecular
EGFR
KRAS
BRAF
FISH
Her2/neu
TP53
PTEN
EGFR
MDM2
IHC
p53
mTOR

High‑grade marker
Mut exon 18
Mut exon 2
Mut exon 15

Low-grade marker
WT
WT
WT

No amplification
Normal
Deletion
Amplification
Amplification

No amplification
Deletion
Normal
No amplification
No amplification

Expression
Expression

No expression
No expression

FISH, fluorescence in situ hybridisation; IHC, immunohistochemistry; WT, wild‑type.

with the structure of protoplasmic astrocytoma without any
signs of necrosis and microvascular proliferation. In the
second tumor component, preoperatively corresponding to a
glioblastoma, high proliferative activity, necrosis and vascular
proliferation were detected and this section of the tumor was
identified as a glioblastoma.
The KRAS, BRAF and EGFR gene mutations were not
detected in the areas of a low‑grade tumor. TP53 deletion was
detected cytogenetically, whereas other markers did not demonstrate any change (Table I). By contrast, the KRAS, BRAF and
EGFR gene mutations were detected in a glioblastoma. PTEN
deletion and EGFR and MDM2 amplifications were detected
cytogenetically. These findings correspond to a primary glioblastoma. Increased mRNA expression for VEGF was also
detected. Immunohistochemical examination showed increased
p53 and mTOR expression. These finding are also typical for
glioblastomas. The examination results are shown in Table I.
The patient received adjuvant chemoradiotherapy with
75 mg/m2 temozolomide and radiation therapy 5 times weekly
with 1.8‑2.0 Gy/fraction (total dose of 60 Gy). Following the
termination of the treatment, the tiredness reported by the
patient persisted without any other health difficulties. An MRI
scan performed 14 months after the surgery did not show any
evidence of disease.
Discussion
Occurrence of different tumor components in high‑grade
brain gliomas is quite common. Areas with high vascularity
and necrosis, and areas showing histological changes appear.
Individual tumor components are usually mixed. In the
previously described tumor, the individual tumor sections
representing different developmental stages were considered
as macroscopically homogeneous and relatively substantially
separated. These findings were confirmed histologically. The
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question is whether the section of the tumor corresponding to
glioblastoma was developed from the already present diffuse
astrocytoma or if it developed independently. On the basis of
documented analyses and the accumulation of aberrations,
we support the theory of tumor duplicity. In the high‑grade
areas, EGFR mutation was detected (12) together with the
KRAS and BRAF hot‑spot gene changes (13). These mutations are not usually detected when the EGFR gene mutation
and amplification is found. p53 mutation was also detected.
p53 and EGFR mutations are negative prognostic factors for
survival. The detection of PTEN and mTOR gene deletion that
was in the high‑grade areas also means a worse prognosis for
patients (14,15).
For the discovery of previously unknown factors that influence the prognosis of this malignant disease, it is necessary
to study patients with a longer survival and unusual types of
tumors from different angles, including detailed molecular
genetic testing. The case reported in the present study
describes an unusual case of a 44‑year old patient with a glioma
consisting of several morphologically different sections from
low‑ to high‑grade and showing the accumulation of genetic
alterations. The prognosis of the patient is determined by the
most malignant section of a tumor. At present, the patient has
survived for 15 months after the surgery without any signs of
radiological and clinical disease progression.
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