
Original Article Ann Med Res 2023;30(11):1459–1463

Ann Med Res

Current issue list available at AnnMedRes

Annals of Medical Research
journal page: www.annalsmedres.org

The potential of seizure to predict prognosis in glioblastoma
patients: A retrospective study

Goksal Gunerhana,∗, Emin Cagila, Zeynep Daglara, Ahmet Deniz Belena

aUniversity of Health Sciences, Ankara Bilkent City Hospital, Department of Neurosurgery, Ankara, Türkiye

ARTICLE INFO

Keywords:
Glioblastoma
Adult
Prognostic factors
Seizure
Survival

Received: Oct 09, 2023
Accepted: Nov 24, 2023
Available Online: 27.11.2023

DOI:
10.5455/annalsmedres.2023.10.279

Abstract

Aim: Glioma, particularly glioblastoma (GBM), represents a prevalent and aggressive
primary brain tumor with limited curative options. Epileptic seizures often manifest as
a common clinical symptom in these patients, but their prognostic significance remains
debated. This study aimed to retrospectively analyze the clinical presentations, tumor
characteristics, and the impact of seizures on the prognosis of GBM patients.
Materials and Methods: A total of 113 adult patients with histologically confirmed
GBM treated between April 2018 and January 2022 were included in this retrospective
analysis. Data encompassed clinical symptoms, preoperative and postoperative seizures,
tumor localization, overall survival (OS), and other relevant factors. Statistical analysis
was performed to assess the relationships between seizures and various prognostic param-
eters.
Results: Seizures were present in 39.8% of GBM patients, with 20 patients experiencing
both preoperative and postoperative seizures. Preoperative and postoperative seizures
were not significantly associated with differences in prognosis (p>0.05). Tumor localiza-
tion, OS, Karnofsky performance score, and length of hospital stay showed significant
differences between patients with and without seizures (p<0.05). Complete resection was
achieved in 90.3% of patients, leading to a relatively lower incidence of postoperative
seizures.
Conclusion: Seizures in GBM patients are associated with OS, Karnofsky performance
score, and hospitalization duration, independently of other factors. The presence of
seizures serves as a valuable prognostic indicator for GBM, prompting further investi-
gation into its influence on patient outcomes, quality of life, and socioeconomic aspects of
survival. These findings emphasize the importance of early seizure management in GBM
patients and the need for tailored treatment strategies.

Copyright © 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Glioblastoma (GBM) is a mortal malignant brain tumor
predominantly found in adults, characterized by an excep-
tionally poor prognosis, with a median survival period of
just 14 months [1]. Glioblastoma is categorized as a high-
grade glioma, specifically designated as WHO grade IV [2].
It afflicts approximately five individuals per 100,000, mak-
ing it the most prevalent malignant brain tumor in adults
[3]. GBM constitutes nearly half, specifically 47.7%, of
malignant tumors within the primary central nervous sys-
tem (pCNS) of adults and, regrettably, continues to elude
curative treatment [3]. The current standard of care for
GBM patients entails a combination of safe and extensive
surgical removal, followed by adjuvant therapies such as ra-
diation and chemotherapy. Unfortunately, even with these
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optimal surgical and postoperative treatments, glioblas-
tomas remain overwhelmingly fatal due to their invasive
and aggressively progressive characteristics [1,4].

Seizures are more commonly associated with lower-grade
gliomas, affecting over 80% of patients [5]. However, in
glioblastoma, seizures also occur quite frequently, serving
as the initial symptom in 20% to 40% of cases [6]. Interest-
ingly, the mechanisms behind seizures may differ between
low-grade and high-grade gliomas [5,6]. The influence of
tumor location and size on seizure occurrence varies de-
pending on the tumor’s grade. In lower-grade gliomas,
seizures are often associated with larger tumors. On the
other hand, in high-grade gliomas, seizures are more likely
to occur in smaller tumors. Specifically, these seizures tend
to manifest in tumors that are not deeply seated in the
pericallosal regions [7].

Although not fully understood, epilepsy related to brain
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tumors is believed to result from molecules released by the
tumor, rendering the tumor or surrounding tissue more
susceptible to seizures [5,7]. It may also result from the
mechanical compression of normal brain tissue, leading
to reduced blood flow and oxygen levels, thus increasing
epileptogenic tendencies. In glioblastoma, the dominant
mechanism of epileptogenesis is likely the disruption of
subcortical electrical networks due to the tumor’s rapid
growth and invasive nature, leading to an imbalance be-
tween inhibitory and excitatory neural networks [8,9].

While seizures in lower-grade gliomas have been exten-
sively studied, there is limited research on seizures as a
prognostic factor in glioblastoma [7,10]. To the best of
our knowledge , there have been no investigations into
seizures within the context of other preoperative symp-
toms. Preoperative symptoms can provide insights into
tumor characteristics, such as size and growth rate, and
can also influence the clinical course, affecting the tim-
ing of glioblastoma detection and prognosis. By exam-
ining the distinctions between patients with tumors that
solely cause seizures preoperatively and those with tumors
causing seizures along with other symptoms, we aim to
shed light on the importance of timely surgical interven-
tion in managing glioblastoma patients with preoperative
seizures.

In this research endeavor, we undertook a retrospec-
tive analysis of patients diagnosed with glioblastoma and
treated at our medical facility. Our examination encom-
passed a thorough evaluation of various aspects, including
clinical manifestations, initial symptoms, tumor localiza-
tion, the occurrence of seizures, the timing of diagnosis,
and the overall survival (OS) of these patients. The clini-
cal examination of patients and the presence of seizures are
easily accessible parameters, making them ideal indicators.
Establishing a link between GBM patient symptomatology
and prognosis may provide a robust and prompt means to
predict patient outcomes. This, in turn, can offer clini-
cians valuable data for forecasting prognosis and devising
treatment strategies following a GBM diagnosis.

Materials and Methods

This retrospective research study was conducted in med-
ical facilities specifically dedicated to neurooncology.
The analysis focused on 113 consecutive adult patients
(age ≥18 years) with confirmed histological diagnoses
of glioblastoma (GBM). These patients were treated
and monitored at University of Health Sciences, Ankara
Bilkent City Hospital between April 2018 and January
2022.We obtained Institutional Review Board approval
for this retrospective study and secured written informed
consent from each participating patient specifically for
the surgical intervention and study participation. In ad-
dition, all patients underwent preoperative and periodic
postoperative imaging, including contrast-enhanced com-
puted tomography (CT) and/or magnetic resonance imag-
ing (MRI) scans. For further treatment and follow-up, we
collaborated with the medical oncology and radiation on-
cology departments.

The study excluded individuals below the age of 18, those
who had previously undergone surgery for a low-grade

glioma, patients who did not consistently attend follow-
up appointments and treatment sessions, and individu-
als for whom the date of death was uncertain. Compre-
hensive records were meticulously maintained and com-
piled for all patients, encompassing detailed cranial imag-
ing, blood tests, and thorough neurological examinations
during follow-up, assessment of the presence and fre-
quency of seizures both before and after surgery, postop-
erative pathology evaluations, and subsequent treatment
and follow-up care.
Patients who experienced at least one seizure prior to
surgery, which was not linked to conditions such as
epidural or subdural hematoma, parenchymal hematoma,
or subarachnoid hemorrhage, and was not associated
with factors raising intracranial pressure, such as hydro-
cephalus, or metabolic factors like electrolyte imbalances,
were categorized as having had a preoperative seizure
(PreS).
All patients underwent a surgical resection procedure that
prioritized safety and aimed for the most extensive removal
of the tumor while preserving neurological function. Sub-
sequently, they received a combination of chemotherapy
and radiotherapy as part of their treatment plan. In cases
where patients presented with preoperative deficits, the
primary goal during surgery was to achieve maximal tu-
mor resection while avoiding the introduction of additional
deficits. If more than 95% of the tumor was resected,
it was considered complete resection. 50%-95% resection
was called subtotal resection and 10%-50% resection was
called partial resection. <10% resection was considered as
biopsy. The date on which cranial imaging confirmed the
presence of a brain tumor was considered the date of di-
agnosis. The period from this date until the date of death
was calculated as the overall survival (OS) time for each
patient.
The diagnosis of epilepsy primarily relied on clinical symp-
toms as the initial assessment. Patients showing any sus-
picion of seizures underwent electroencephalogram (EEG)
evaluations. Those with suspected epileptic symptoms col-
laborated with the neurology department to confirm the
diagnosis, evaluate the semiology of seizures, and tailor
the treatment accordingly. Postoperative seizures (PostS)
were defined as epileptic seizures that manifested within
a window of up to three weeks after surgery or before the
commencement of chemoradiotherapy.
All prospective prognostic variables, whether preoperative
or postoperative, were analyzed to assess their impact on
OS rates.

Statistical analysis
Data analysis was conducted using statistical software
packages, specifically IBM SPSS 25.0 (Armonk, NY: IBM
Corp.) and MedCalc 15.8 (MedCalc Software bvba, Os-
tend, Belgium). In addition to employing descriptive sta-
tistical methods, such as frequency, percentage, mean,
standard deviation, median, minimum-maximum values,
and others, the study used Chi-Square tests (including
Pearson’s Chi-Square Test, Yates’ Corrected Chi-Square
Test, and Fisher’s Exact Test) to compare qualitative data.
Various statistical tests, including the Smirnov test, mea-
sures of skewness and kurtosis, and graphical methods
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(such as histograms, Q-Q Plots, Stem-and-Leaf plots, and
Boxplots), were assessed.
For comparing normally distributed quantitative data be-
tween groups, the study employed Independent Samples
t-test, while the Mann-Whitney U test was used for com-
paring non-normally distributed data between groups.
The relationships between variables were evaluated using
Spearman’s rho Correlation test. The statistical signifi-
cance level was set at α=0.05.

Power analysis

Power analysis was conducted using the G*Power 3.1.9.7
statistical software package (Franz Foul, Universitat Kiel,
Germany), with the following parameters: n1=87, n2=26,
α=0.05, Effect Size (d)= 0.73, resulting in a power of 84%.

Results

In our study, a total of 113 patients were included in the
analysis, comprising 45 (39.8%) females and 68 (60.2%)
males. The average age of the patients was 61.1 ± 13.2
years. Among these patients, 45 (39.8%) had a history
of seizures, with 32 patients experiencing seizures be-
fore surgery (PreS) and 33 patients having seizures after
surgery (PostS). Notably, 20 patients had both PreS and
PostS. When comparing the outcomes of PreS and PostS
individually, no statistically significant differences were ob-
served in terms of prognosis (p>0.05).
The mean Karnofsky performance score (KPS) was 67.4 ±
16.2 before surgery and 72.7 ± 18.9 after surgery. Regard-
ing tumor localization, 55 (48.7%) tumors were situated
in the right hemisphere, while 58 (51.3%) were in the left
hemisphere. The overall survival rate for the cohort was
8.5 ± 5 months. On average, patients underwent 1.3 ± 0.5
surgical operations for the treatment of glioblastoma. The
average duration of hospitalization during the periopera-
tive period was 19.5 ± 22.7 days. A concise summary of
patient characteristics is provided in Table 1.
Symptom presentation varied among patients, and some
had multiple symptoms. Four patients (4.08% of the sam-
ple) were asymptomatic. Headache was reported by 58
patients (51.3%), while 58 patients (51.3%) had motor
deficits. Thirty-two patients (28.4%) experienced preoper-
ative seizures, and 32 patients (28.4%) reported neurocog-
nitive impairment symptoms. Visual impairment was ob-
served in six patients (5.3%), and speech disorders were
present in six patients (5.3%).
When assessing the surgical procedures conducted, it was
observed that complete resection was achieved in 102 pa-
tients (90.3%), with the remaining 11 patients undergoing
different levels of resection (1 patient underwent biopsy,
2 patients had partial resection, and 8 patients under-
went subtotal resection). All patients received combined
chemotherapy and radiotherapy through coordinated ef-
forts between the medical oncology and radiation oncology
departments.
Comparing various groups according to location and
seizure status, no statistically significant differences were
observed in terms of gender, age, comorbidities, tumor lo-
calization, histologic tumor marker positivity (Gfap, p53,

Table 1. Patient characteristics and clinical presenta-
tions.

Number %

Sex
Female 45 39.8

Male 68 60.2

Age (years)* 61.1 ± 13.2 64.0 (18.0 – 85.0)

Pre-op Seizure
No 81 71.6

Yes 32 28.4

Post-op Seizure
No 80 70.7

Yes 33 29.3

Seizure frequency

No 68 60.2

Just one 8 7.1

1 time per 3 month 5 4.5

1 time per month 21 18.5

3 times per day 4 3.5

5 times a day 4 3.5

1 time per week 3 2.7

Comorbidity

No 61 54.0

Yes 52 46.0

Hypertension (HT) 16 30.7

Diabetes Mellitus (DM) 7 13.5

Other 14 26.9

HA + DM 4 7.7

HT + other 7 13.5

HT + DM + other 4 7.7

Pre-operative Neurologic

deficits

No 55 48.7

Yes 58 51.3

Post-operative Additional

Neurologic deficits

No 48 42.4

Yes 65 57.6

Localisation

Right 55 48.7

Left 58 51.3

Frontal 31 20.0

Parietal 48 31.0

Temporal 37 23.9

Occipital 24 15.5

Deep 11 7.1

Post Fossa 4 2.5

Kİ67

<%10 7 6.2

%10-19 13 11.5

≥%20 87 77.0

Other 6 5.3

Olig-2
(-) 103 91.2

(+) 10 8.8

Idh-1
NOS 95 84.1

Mutant 18 15.9

Overall Survival* 8.5 ± 5.0 8.0 (4.0 – 9.0)

Karnofsky Performance

Score*

Pre-op 67.4 ± 16.2 60.0 (60.0 – 70.0)

Post-op 72.7 ± 18.9 80.0 (80.0 – 80.0)

Radiotherapy/

Chemotherapy

63.1 ± 17.1 70.0 (50.0 – 70.0)

Duration of

Hospitalization (Days)*

19.5 ± 22.7 20.0 (6.5 – 20.0)

Operation number* 1.3 ± 0.5 1.0 (1.0 – 2.0)

*: Mean ± Standard Deviation / Median (Min – Max).
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Table 2. Comparisons by Seizure Status.

Seizure

p
No Yes

(n=68) (n=45)

Sex
Female 30 (44.1%) 15 (33.3%)

0.237a
Male 38 (55.9%) 30 (66.7%)

Age (years)* 61.9 ± 12.3 58.0 ± 15.4 0.490b

Pre-operative

Seizure

No 68 (100.0%) 13 (28.9%)
--

Yes -- 32 (71.1%)

Post-operative

Seizure

No 68 (100.0%) 12 (26.7%)
--

Yes -- 33 (73.3%)

Overall

Survival
6.0

(3.0 – 8.0)

8.0

(8.0 – 14.0)

<0.001c

Karnofsky

Performance

Score

Pre-op 65.0 ± 20.2 59.2 ± 10.4 0.071b

Post-op 68.0 ± 22.6 78.0 ± 15.3 0.041b

After

radiotherapy/

Chemotherapy

treatment

66.0 ± 18.1 68.6 ± 15.2 0.582b

Duration of

Hospitalization

(Days)

14.0

(5.0 – 20.0)

18.0

(20.0 – 20.0)

0.005c

Operation

number
1.3 ± 0.6 1.3 ± 0.5 0.512b

Note: Data are expressed as (a) n (%), (b) Mean ± Standard Deviation, (c) Median (Q1

-Q3). *: Comparison was made by combining 1.0 and 1.5 groups.
a: Chi-Square Test, b: IndependentSamples t Test, c: Mann-Whitney U Test.

Ki67, Vimentin, Atrx, Olig-2, Idh-1), KPS, and the num-
ber of operations (p>0.05). However, statistically signifi-
cant differences (p<0.05) were found between the groups
in terms of seizures, OS, postoperative KPS, and length
of hospital stay. Specifically, patients with seizures had
lower OS, postoperative KPS, and their hospital stays were
longer (see Table 2).
Anti-epileptic drug therapy was initiated for all patients
who experienced seizures. Furthermore, 51 patients with
tumors located in the frontal and temporal lobes, who had
not yet experienced seizures, were proactively started on
prophylactic anti-epileptic drugs. The anti-epileptic treat-
ment regimen encompassed a range of medications, with
levetiracetam and phenytoin being the most frequently
prescribed drugs.

Discussion
GBM is the most aggressive pCNS neoplasm. In general,
it is one of the leading tumors in terms of mortality, even
among all neoplasms. The incidence of GBM does not
rely upon geographical or ethnic factors. GBMs are most
commonly occur in the 6th and 7th decades of life [4,11].
Glioblastomas are diffuse infiltrative tumors. As a result,
curative resection or tumor-free surgery are rarely possi-
ble for these neoplasm [12]. In the current treatment ap-
proach, key goal of primal treatment of GBM is maximal
safe resection that can be described as balancing resection

limits of tumor and neurological dysfunctions. Various ad-
vanced pre-operative neuroimaging, neuronavigation sys-
tems and neuromonitoring have been included in patient
management to acquire the goal of safe maximal resection
[13,14].
In our study, we retrospectively reviewed the characteris-
tics, preoperative/postoperative neuroimaging, and patho-
logical/histological features of the patients that operated
for GBM in our clinic. The effects of these parameters
on the course of the disease were evaluated by comparing
them with prognostic and socioeconomic factors such as
overall survival, length of hospital stay, and KPS.
When the symptoms before the diagnosis of GBM were
evaluated, seizure gave more significant results in terms of
prognosis than other symptoms. It is also useful for early
diagnosis of GBM, as the presence of seizures causes pa-
tients to admit the hospital earlier and prompts doctors to
perform a cranial imaging. Although seizure helps in early
diagnosis, some articles show that seizure is an indicator
of poor outcome in malign pCNS tumors. In the same
studies, it was shown that cognitive impairment precedes
neuroimaging progression [11]. Except seizure, patients
with other symptoms may not apply to evaluation sooner,
as the patient may be in denial phase.
Although its pathogenesis is not understood, the relation-
ship between seizure and prognosis has been examined in
many publications in the literature and statistically signif-
icant results have been obtained [12,13]. Numerous studies
have addressed the relationship between longer OS in pa-
tients with PreS [5,8]. In despite of, there are few publica-
tions that do not confirm the positive prognostic effect of
PreS on patient survival [9,11]. On the other hand, some
authors showed the presence of pre/postoperative seizures
as a generally poor prognosis, as in this study [12]. It
was observed that the seizure decreased OS and KPS, and
consequently prolonged the hospitalization period. When
compared with delayed seizures that cause postoperative
tumor progression, the incidence and occurrence of early
postoperative seizures (epileptic seizures up to three weeks
after surgery or before the start of chemoradiotherapy) is
less known. Unlikely, PostS was more associated with pre-
operative/postoperative systemic diseases such as anemia,
systemic infection, impaired liver homeostasis due to anes-
thesia and drugs and operative stress. Some authors re-
ported that several systemic dysfunctions such as serum
electrolyte imbalance, hormone imbalance, organ dysfunc-
tion and failure, autoimmune disorders, and paraneoplas-
tic syndromes lower the seizure threshold [5,15]. There-
fore, we initiate early anti-epileptic therapy to reduce the
risk of PostS after GBM surgery. Seizures seen in the early
period despite prophylactic anti-epileptic drug therapy are
associated with particularly poor prognosis. As expected,
the relationship of PostS with extension of resection and
OS is well known. The relationship between partial tu-
mor resection and the risk of postoperative seizures has
already been reported for pCNS and metastatic brain tu-
mors [10,16]. Given the high rate of complete resection at
90,3% among the patients in this study, the incidence of
PostS was comparatively lower. In summary, the poorer
OS observed in GBM patients with PostS could potentially
be linked to partial tumor resection and the presence of the
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systemic disorders mentioned earlier.
Recent reports have mentioned to the critical role of IDH1
mutation in pCNS tumor epileptogenesis [17]. We studied
GFAP, p53, Ki67, Vimentin, Atrx, Olig-2 and Idh-1 muta-
tions in this study. But, there is no statistically significant
relationship with these parameters and seizure or OS. A
study with a higher number of patients and a double-blind
evaluation by independent pathologists will yield better re-
sults.

Conclusion
The presence of seizures in glioblastoma patients is sig-
nificantly correlated with overall survival, KPS, and the
length of hospital stay, regardless of other factors. Seizures
prove to be a valuable indicator for predicting the prog-
nosis of GBM and assessing the quality of life during the
remaining life expectancy of patients. Our findings un-
derscore the need for further research into the influence
of perioperative seizures on glioblastoma survival, patient
well-being, and the socioeconomic aspects of survival.

Disclosure and Conflicts of interest
The authors affirm that they have no actual or potential
conflicts of interest pertaining to the research, authorship,
and/or publication of this article.

Ethical approval
This study was approved by the Institutional Review
Board (Ankara City Hospital No. 1 Clinical Research
Ethics Committee, Decision no: E1/2410/2022).

References
1. Qureshi HM, Tabor JK, Pickens K, Lei H, Vasandani S, Jalal

MI, et al. Frailty and postoperative outcomes in brain tumor
patients: a systematic review subdivided by tumor etiology. J
Neurooncol. 2023 Sep;164(2):299–308.

2. Wesseling P, Capper D. WHO 2016 Classification of gliomas.
Neuropathol Appl Neurobiol. 2018 Feb;44(2):139–50.

3. Ostrom QT, Gittleman H, Xu J, Kromer C, Wolinsky Y,
Kruchko C, et al. CBTRUS Statistical Report: Primary
Brain and Other Central Nervous System Tumors Diagnosed
in the United States in 2009-2013. Neuro-Oncol. 2016 Oct
1;18(suppl_5):v1–75.

4. Schneider T, Mawrin C, Scherlach C, Skalej M, Firsching R.
Gliomas in adults. Dtsch Arzteblatt Int. 2010 Nov;107(45):799–
807; quiz 808.

5. Chang EF, Potts MB, Keles GE, Lamborn KR, Chang SM, Bar-
baro NM, et al. Seizure characteristics and control following re-
section in 332 patients with low-grade gliomas. J Neurosurg. 2008
Feb;108(2):227–35.

6. Chaichana KL, Parker SL, Olivi A, Quiñones-Hinojosa A. Long-
term seizure outcomes in adult patients undergoing primary re-
section of malignant brain astrocytomas. Clinical article. J Neu-
rosurg. 2009 Aug;111(2):282–92.

7. Rades D, Witteler J, Olbrich D, Trillenberg P, Schild SE, Tvil-
sted S, et al. A prospective interventional study evaluating
seizure activity during a radiotherapy course for high-grade
gliomas (SURF-ROGG). BMC Cancer. 2021 Apr 9;21(1):386.

8. van Breemen MSM, Wilms EB, Vecht CJ. Epilepsy in patients
with brain tumours: epidemiology, mechanisms, and manage-
ment. Lancet Neurol. 2007 May;6(5):421–30.

9. Ahmadipour Y, Rauschenbach L, Santos A, Darkwah Oppong
M, Lazaridis L, Quesada CM, et al. Preoperative and early post-
operative seizures in patients with glioblastoma-two sides of the
same coin? Neuro-Oncol Adv. 2021;3(1):vdaa158.

10. Toledo M, Sarria-Estrada S, Quintana M, Maldonado X,
Martinez-Ricarte F, Rodon J, et al. Epileptic features and sur-
vival in glioblastomas presenting with seizures. Epilepsy Res.
2017 Feb;130:1–6.

11. Jilla S, Prathipati A, Subramanian BV, Das P, Valiyaveettil D.
Impact of various prognostic factors on survival in glioblastoma:
tertiary care institutional experience. Ecancermedicalscience.
2022;16:1386.

12. Flanigan PM, Jahangiri A, Kuang R, Truong A, Choi S, Chou A,
et al. Improved Survival with Decreased Wait Time to Surgery
in Glioblastoma Patients Presenting with Seizure. Neurosurgery.
2017 Nov 1;81(5):824–33.

13. Amano K, Suzuki K. The process of life adjustment in patients
at onset of glioma who are receiving continuous oral anticancer
drug: A qualitative descriptive study. Int J Nurs Sci. 2019 Apr
10;6(2):134–40.

14. Liang J, Lv X, Lu C, Ye X, Chen X, Fu J, et al. Prognostic
factors of patients with Gliomas - an analysis on 335 patients
with Glioblastoma and other forms of Gliomas. BMC Cancer.
2020 Jan 15;20(1):35.

15. Sizoo EM, Braam L, Postma TJ, Pasman HRW, Heimans
JJ, Klein M, et al. Symptoms and problems in the end-of-
life phase of high-grade glioma patients. Neuro-Oncol. 2010
Nov;12(11):1162–6.

16. Babu R, Komisarow JM, Agarwal VJ, Rahimpour S, Iyer A,
Britt D, et al. Glioblastoma in the elderly: the effect of ag-
gressive and modern therapies on survival. J Neurosurg. 2016
Apr;124(4):998–1007.

17. Feyissa AM, Worrell GA, Tatum WO, Chaichana KL, Jentoft
ME, Guerrero Cazares H, et al. Potential influence of IDH1 mu-
tation and MGMT gene promoter methylation on glioma-related
preoperative seizures and postoperative seizure control. Seizure.
2019 Jul;69:283–9.

1463


