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Abstract Glioblastoma stands out as the most frequent
central nervous system neoplasia, presenting a poor prog-
nosis. The aim of this study was to verify the frequency
and clinical significance of the aneuploidy of chromosomes
7 and 10, EGFR amplification, PTEN and TP53 deletions
and 1p/19q deficiency in adult patients diagnosed with glio-
blastoma. The sample consisted of 40 patients treated from
November 2011 to March 2015 at two major neurosurgery
services from Southern Brazil. Molecular cytogenetic analy-
ses of the tumor were performed through fluorescent in situ
hybridization (FISH). The clinical features evaluated con-
sisted of age, sex, tumor location, clinical symptoms, family
history of cancer, type of resection and survival. The mean
age of the patients was 59.3 years (ranged from 41 to 83).
Most of them were males (70%). The median survival was
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145 days. Chromosome 10 monosomy was detected in 52.5%
of the patients, chromosome 7 polysomy in 50%, EGFR
amplification in 42.5%, PTEN deletion in 35%, TP53 dele-
tion in 22.5%, 1p deletion in 5% and 19q deletion in 7.5%.
Age was shown to be a prognostic factor, and patients with
lower age presented higher survival (p =0.042). TP53 and
PTEN deletions had a negative impact on survival (p=0.011
and p=0.037, respectively). Our data suggest that TP53 and
PTEN deletions may be associated with a poorer prognosis.
These findings may have importance over prognosis deter-
mination and choice of the therapy to be administered.
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Introduction

Glioblastoma is the most common and more lethal central
nervous system (CNS) tumor [1]. It occurs in glial cells,
more specifically in astrocytes, and it is an extremely het-
erogeneous entity, presenting a predominance of poorly dif-
ferentiated, pleomorphic, fusiform or rounded cells [2, 3].
Glioblastoma has an annual incidence of 3-5 cases/100,000
individuals and, despite the different therapeutic modalities
available, such as neurosurgery, chemotherapy and radio-
therapy, its prognosis remains poor, with a median survival
of 15 months [4]. In the USA, the estimates for 2015 and
2016 were, respectively, 11,890 and 12,120 new glioblas-
toma cases [5].

In the past years, several cytogenetic and molecular
changes, which may contribute to the diagnosis as well as
the assessment of prognosis and response to treatment, have
been identified. This diversity should be considered in the
design of the therapy to be offered to patients, thus selecting
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more specific treatments for a particular pattern of tumor
genetic alterations [6]. This is already done in some types of
tumors, such as some kinds of leukemia, where cytogenetic
changes have been part of clinical treatment protocols for
many years [7].

Thus, our aim was to verify the frequency and clinical sig-
nificance of aneuploidies of chromosomes 7 and 10, EGFR
amplification, PTEN and TP53 gene deletion and 1p/19q
deficiency in a sample of adult patients with glioblastoma.

Materials and methods
Sample

The sample consisted of 40 patients diagnosed with glioblas-
toma treated at the Neurosurgery Service of the Beneficén-
cia Portuguesa Hospital and at the Neurosurgery Service of
the Hospital Cristo Redentor/Grupo Hospitalar Conceicao
(GHC) during the period from November 2011 to March
2015. Two pathologists evaluated the cases and confirmed
the diagnosis of glioblastoma following the WHO criteria
(2007) [3]. For each patient, a research protocol was filled
out, containing clinical information and results of comple-
mentary tests. These included data such as age, sex, tumor
location, clinical symptoms, family history of cancer, type
of resection and survival.

For purposes of statistical analysis, patients were sub-
divided into two age groups (patients >50 years and
<50 years) [8]. The anatomical location was defined as
“frontal,” “parietal,” “temporal” or “other” and the extent
of resection was classified as “subtotal” (10-90% resected)
or “total” (more than 90% resected) [9]. We classified the
clinical symptoms in five distinct groups: focal disturbance,
decreased consciousness, intracranial hypertension (includ-
ing headache, nausea and vomits), behavioral changes and
seizures.

Cytogenetic molecular analysis

The molecular cytogenetic analysis was performed through
fluorescence in situ hybridization (FISH) technique. For
this, 4-pm sections of paraffin blocks from each case were
used, using the LSI EGFR/CEP 7, LSI PTEN/CEP 10, LSI
1p36/LSI 1925 and LSI 19q13/19p13 Dual C and LSI p53
probes—17p13.1 and CEP17 (Vysis, Abbott Laborato-
ries, Abbott Park, IL, USA). For each probe, the manufac-
turer’s protocol was followed. Only samples with >90% of
the nuclei with signals were evaluated. For each case, 200
intact interphase nuclei were analyzed for the presence of the
respective hybridization signals of the used probes.

For results interpretation, the following criteria were
adopted: EGFR amplification when more than 10% of the
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nuclei exhibited EGFR/CEP7 > 2; polysomy of chromosome
7 when more than 20% of the nuclei showed 3 or more sig-
nals for CEP7, and monosomy of chromosome 10 when only
one CEP10 signal was found in >50% of the nuclei [10].
Deletions of the PTEN gene were reckoned when PTEN/
CEP10<0.8 [11]. The codeletion of 1p/19q was considered
when 1p36/1q25 and 19q13/19p13 was <0.86 [12], and
TP53 deletion when at least 8% of the nuclei exhibited one
red signal and >2 green signals [2].

Statistical analysis

The quantitative variables were described in the form of
mean and standard deviation, and the categorical variables,
through absolute and relative frequencies. For categorical
data, chi-square tests with Yates correction and Fisher’s
exact test were used. To evaluate survival, the Kaplan—-Meier
method was applied and the curves were compared with the
use of the log-rank test. The effect measure used was the
hazard ratio (HR) in conjunction with a confidence interval
of 95%. The significance level adopted was 5% (p <0.05)
and analyzes were performed in the SPSS program version
21.0.

Results

Detailed clinical and cytogenetic findings of the patients are
presented in Table 1. The mean age of the 40 patients was
59.3 years, ranging from 41 to 83 years. Eight individuals
(20%) were younger than 50 years old at the time of diag-
nosis. Most of them were males (70%). Three tumors had
previous CNS tumors (7.5%).

The main first clinical symptom presented by the patients
was intracranial hypertension (n=25-62.5%), being the
headache described in 55%. Focal disturbances and sei-
zures were reported respectively in 42.5 and 12.5% of the
cases. Seven patients (17.5%) had relatives with cancer his-
tory, including 2 cases (5%) of CNS tumors. In 27 patients
(67.5%), the tumor affected the right cerebral hemisphere,
and the frontal and parietal regions were the most affected
(30 and 25% of the cases, respectively). From 36 cases in
which the type of surgery was known, the tumor resec-
tion was total in 19 patients (47.5%) and subtotal in 17
(42.5%; Table 1). The median survival time was 145 days
(128-162.1). At end of the study, only three patients (7.5%)
were still alive.

There was no statistically significant association between
the variables gender, tumor location, clinical symptoms,
presence of seizures at diagnosis, extent of tumor resection
and patient survival. However, age evaluated in a continuous
manner was a prognostic factor, and patients with lower age
presented a higher survival (HR=1.04; CI 95% 1.00-1.08;
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Table 1 Clinical and laboratory characteristics of the patients

Patient Sex Age (years) Previous tumor Survival (days) Local Seizure Resect Cytogenetic abnormalities
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F female, M male, T temporal, FT frontal, PT parietal, O other, + present, Resect resection, 77 total, ST subtotal, NI not informed, Ampl amplifi-

cation, Pol polysomy, Mon monosomy

p=0.042). There was a 4% increase in risk of death for each

year of life.

From the cytogenetic point of view, the most frequent
alterations were monosomy of chromosome 10 (52.5%),

polysomy of chromosome 7 (50%), EGFR amplification
(42.5%) and PTEN deletion (35%). In 14 cases (35%), the
first two changes (chromosome 10 monosomy and chromo-
some 7 polysomy) were identified in association (Table 1).
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In 76.5% of cases with EGFR amplification, this change
was visualized in association with chromosome 7 polysomy.
All cases with EGFR amplification also exhibited alterations
in chromosome 10: 15 cases (88.2%) with monosomy of
chromosome 10 and 7 cases (41.2%) with PTEN deletion
(Table 1).

TP53 deletion was observed in 9 patients (22.5%). The
distribution of TP53 deletions verified in our sample ranged
from 8.5 to 25% (mean 14.4%). Two cases with TP53 dele-
tion also presented EGFR amplification. In addition, 2 cases
(5%) with 1p deletion and 3 cases (7.5%) with 19q deletion
were identified. We did not detect cases with 1p/19q codele-
tion (Table 1).

Patients with chromosome 7 polysomy were older
(p=0.016) and tumors with TP53 deletion were more fre-
quently centered in the temporal lobe (p =0.029). We did
not verify an association between survival with EGFR
amplification, chromosome 7 polysomy, chromosome 10
monosomy and 1p/19q codeletion. Nevertheless, deletions
of TP53 (p=0.011) and PTEN (p=0.037) had a negative
impact on survival (Fig. 1).

Discussion

According to our literature review, this is the first study with
Brazilian patients diagnosed with glioblastoma that investi-
gated the association between aneuploidies of chromosomes
7 and 10, amplification of the EGFR gene, PTEN and TP53
deletions with its clinical status and prognosis. It is note-
worthy that there is a scarcity of studies in general involv-
ing patients with glioblastoma and FISH analysis not only
in Brazil but also in all of Latin America. Pinto et al. [12]
investigated 1p and/or 19q losses in a series of 88 Brazilian
patients presenting glioblastoma with an oligodendrogial
component. We also did not find similar studies in Portu-
guese and African literature.

Glioblastomas can affect individuals of all age groups,
yet it is a rare tumor in children, comprising approximately
2.9% of all brain tumors diagnosed in individuals aged
0-19 years old [5]. It has a higher incidence in individuals
aged 45-75 years, with a mean age at diagnosis of 64 years
old [1, 5], similar to that observed in our study (59.3 years).
We observed an association between lower age at diagnosis
and longer survival, what is in agreement with the literature
[10, 13, 14].

In our study, most of the individuals were males,
which is also in accordance with the literature data
(male/female ratio=1.6:1) [5]. Approximately 5% of
patients with malignant gliomas present a family his-
tory of this neoplasm. When present, it is associated
with a two-fold increased risk of developing the disease.
This may be related to rare genetic syndromes, such as
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neurofibromatosis type 1 and 2 and Li-Fraumeni syndrome
[15]. However, in our sample, we did not find patients who
filled the clinical criteria for them. First-degree relatives
of patients with glioma present a two-fold increased risk
of developing the same tumor type, indicating a possible
genetic predisposition to the onset of these tumors [16].
In our study, 5% of the cases had a history of tumor occur-
rence in first-degree relatives.

The initial clinical presentation of glioblastomas is
extremely variable, but mainly depends on their location
and size. Headache is the most frequent, being present in
50% of patients at time of diagnosis [4]. In our cohort, it
was also the first most common clinical symptom, being
observed in 22 patients (55%). Toledo et al. [17] described
that the occurrence of seizures as one of the first symptoms
would be correlated with a better survival, since they could
be associated with a reduction in tumor aggressiveness. We
also believe that the presence of this finding could draw
more attention for an earlier diagnosis of the glioblastoma.
In our cohort, we observed that patients with seizures only
tended to present a higher survival (p=0.079). Perhaps, with
an increase in our sample, such difference could be really
proven.

The use of molecular and cytogenetic techniques has ena-
bled the identification of several genetic alterations in brain
tumors, which may contribute to the diagnosis as well as the
assessment of prognosis and response to therapy [6]. The
expression of the MGMT gene, for example, is a positive pre-
dictive marker for newly diagnosed glioma response to the
action of alkylating agents [18]. A favorable association has
also been described between IDH1/2 and ATRX mutations
status and survival [19, 20]. The 2016 WHO incorporated
molecular parameters, such as /DH mutations, for the classi-
fication of tumors of the CNS in order to group tumors with
the same prognostic markers, thus guiding the treatment of
biologically similar entities [21].

Amplification of the EGFR gene is a common event in
glioblastomas. However, data from different studies have
showed that there is a great variability in the frequency of
this alteration [13, 22, 23]. This discrepancy can be attrib-
uted to tumor heterogeneity, since not all cells show this
amplification [24]. Okada et al. [22] identified that cells
with a high level of amplification were located mainly at
the edges of the tumor, suggesting that EGFR overexpres-
sion may be related to tumor invasion. Although it is usual to
analyze different quadrants of the slide in order to minimize
the loss of areas with amplification, it is still possible that
there are regions that may have escaped detection.

In our study, EGFR amplification was observed in 17
cases (42.5%), being associated with chromosome 7 poly-
somy in 76.5% of them. Several studies have shown that this
combination is a frequent event in glioblastomas [10, 25,
26]. In our cohort, patients with chromosome 7 polysomy
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Fig. 1 Graphic displaying Kaplan—Meier curves for overall survival
times between groups of patients with and without EGFR gene ampli-
fication (a), chromosome 7 polysomy (b), chromosome 10 monosomy

(¢), PTEN deletion (d) and TP53 gene deletion. Note especially that
a significant association with poor survival was first noted for PTEN
(d) andTP53 deletions (e)
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were older (p=0.016), which is in accordance with other
reports [8].

Similarly to other studies [11, 23, 25-28], the presence of
alterations in chromosome 7 did not have an impact on the
overall survival of the patients included in our study. Para-
doxically, some authors report that these changes could be
correlated with a worse prognosis [8, 10, 13]. Some studies
have even observed an improved survival [26]. Although
Kleinschmidt-DeMasters et al. [29] have identified the pres-
ence of EGFR amplification as a significant predictor of sur-
vival time in individuals over 75 years of age, such findings
were not evidenced in our sample.

EGFR mutations/amplifications have usually been
detected associated with monosomy of chromosome 10 [2,
30]. Similarly, in our cohort, all cases with EGFR amplifica-
tion exhibited alteration on chromosome 10, from which 15
(88.2%) consisted of chromosome 10 monosomy.

Losses of chromosome 10 are the most common genetic
alterations in glioblastoma, and can be identified in up to
60-80% of the cases [31]. In our cohort, they were also
frequent, being visualized in 70% of the patients. Chromo-
some 10 monosomy was identified in 52.5%. However, in an
analysis of published studies, there is a great variability in
the frequency of this alteration. The frequency observed in
our sample is within the expected range from 31.4 to 82.6%
[8, 10, 11, 25].

Although most cases present loss of an entire copy of
chromosome 10, partial deletions of the gene may also occur
and are considered a common finding [32]. The frequency
of PTEN deletion ranges from 29.3 to 92.8% in glioblasto-
mas [8, 10, 11, 33, 34], and the frequency of this alteration
in our sample was 40%. Some authors have described that
losses of the long arm of chromosome 10 could be associ-
ated with a worse prognosis [8, 35], in similarity with us.
In contrast, other studies do not corroborate these findings
[11, 36]. On the other hand, Korshunov et al. [10] demon-
strated that losses of 10q are only clinically important in
patients >40 years of age. Despite these reports, we did not
know how the mutations in the PTEN not detected by FISH
analysis may contribute to the results verified in our study.
Gene mutations have been described in 24.9-51.2% of the
glioblastomas [37, 38].

Mutation or loss of TP53 appears to be one of the most
important genetic alteration in glioblastomas, with direct
impact on their genesis [2]. Few studies have evaluated the
deletion of 7P53 through FISH [2, 14, 39]. In our sample,
TP53 deletion was visualized in 9 patients (22.5%), an index
similar to that described in other studies [2, 14]. It was note-
worthy that tumors with 7P53 deletion were more frequently
centered in the temporal lobe.

Two cases with TP53 deletion of our sample also exhib-
ited EGFR amplification. Although studies have indicated
that this event presents a mutually exclusive pattern in a
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majority of tumors [40], concomitant alterations of EGFR
and TP53 have been reported [2, 14, 41]. Okada et al. [22]
identified isolated cells with EGFR amplification in different
regions of glioblastomas with 7P53 mutation, which demon-
strates that amplification of this gene at a cellular level may
be a frequent event. The authors suggest that genomic insta-
bility due to inactivation of p53 may promote gene ampli-
fication. According to Ruano et al. [41], the simultaneous
deregulation of these two pathways may indicate a relevant
deregulation of the cell cycle that results in the formation of
a more aggressive tumor.

In our sample, patients with TP53 deletion exhibited a
significantly worse prognosis. Although studies have pointed
out that TP53 alterations have a limited impact on progno-
sis [2, 14, 42—-44], some authors have found that there is
an association between them and a worse prognosis [45],
besides a loss of response to temozolamide [46, 47]. On
the other hand, Tada et al. [48] described TP53 mutation
as a marker of better response to radiotherapy, which could
imply a significantly longer survival. Shih et al. [45] failed to
reproduce these findings, and only evidenced the prognostic
value of the TP53 mutation in patients aged >57 years, who
showed a reduced survival. Momota et al. [49] observed
that TP53 mutations are frequent events in diffuse or mul-
tiple lesion malignant astrocytomas, suggesting that 7P53
abnormalities may affect the aggressive and invasive nature
of these tumors. Despite these different outcomes, we did
not know how other mutations in the 7P53 not detected by
FISH analysis and not evaluated in our study might influence
the observed results. The frequency of gene mutations of the
TP53 ranges from 18.8 to 43% [22, 45].

In our study, two patients with TP53 deletion also pre-
sented monosomy of chromosome 10. Leenstra et al. [50]
demonstrated that these patients with high-grade astrocyto-
mas had a shorter survival (median 3 months) when com-
pared to patients with only loss of 17p (median 17 months).
In our cohort, however, these patients did not have a shorter
survival (p =0.344).

In conventional glioblastomas, although 1p/19q code-
letion is an uncommon event, identified in 0-25% of the
cases, isolated losses of 1p or 19q are frequent (40 and 30%,
respectively) [8, 10, 12, 51-53]. In our study, cases with
1p/19q codeletion were not identified, but there were 2 cases
(5%) with isolated 1p deletion and 3 (7.5%) with isolated
deletion of 19q. In 2013, Clark et al. [53], with the objective
of investigating whether the losses of 1p and 19q could have
an impact on the evaluation of glioblastomas, investigated a
large cohort of 491 patients. Only one case of codeletion was
identified. The presence of codeletion as well as the isolated
losses of 1p and 19q had no impact on patient survival.

The results of the present study suggest that some cytoge-
netic markers, alone or together, may be related to some
clinical findings and present a potential role in the prognostic
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of patients with glioblastoma. Our data suggest that espe-
cially TP53 and PTEN deletions might have a negative
impact on prognosis. Further studies with larger samples
will be important to clarify the role of these alterations in
the patients survival.
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