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Abstract
BACKGROUND: Tumors of the central nervous system comprise a wide range of over 100 histological distinct 
subtypes with different descriptive epidemiology, clinical features, treatments, and outcomes. The presence of 
isocitrate dehydrogenase gene mutation 1 (IDH1) has become one of the most critical biomarkers for molecular 
classification and prognosis in adult diffuse gliomas. About 65–90% of patients with adult diffuse gliomas have 
seizures as their initial symptoms.

AIM: The objective of this study was to determine the association between IDH1 mutations in adult diffuse gliomas 
with an incidence of symptomatic epilepsy.

METHODS: The study was conducted as an observational, cross-sectional, and prospective clinically controlled 
study at the Clinic of Neurosurgery of the Clinical Center of the University of Sarajevo. The research included a 
total of 100 patients treated at the Clinic of Neurosurgery, with pathohistological confirmation of glioma Grades II–IV 
who were stratified by groups according to tumor grade. Data were collected on tumor localization and grade, the 
presence of IDH mutations, and the presence of epileptic seizures as the first symptom of the glioma.

RESULTS: Out of a total of 100 patients, 39 had IDH 1 mutations, while 61 patients were without them: Of these, 
diffuse astrocytoma Grade II 30 cases (30%), Grade III 5 (5%), and Grade IV 7 (7%), and the number of patients with 
glioblastoma was 58 (58%). In the group of patients with IDH 1 mutations, epileptic seizures were present in 87.2% 
compared to the group of patients without IDH 1 mutations (wild type) in which epileptic seizures were present in 
16.4% of cases. Statistical analysis showed that the positive mutated IDH-type carries an almost 70% increase in 
the likelihood of epileptic seizures (χ2 = 8.378; p = 0.0001). If we separate the group of diffuse astrocytomas in the 
IDH 1-positive subgroup, 34 patients (85.81%) had epileptic seizures, while in the IDH 1-negative subgroup, there 
were no patients with epileptic seizures, which carries a statistically significant difference in frequency in favor of IDH 
1-positive tumors (p ≤ 0.001).

CONCLUSION: There is a clear connection between the presence of IDH1 mutations and the occurrence of epileptic 
seizures in the clinical picture of patients with diffuse adult glioma.
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Introduction

Primary malignant brain tumors and other 
tumors of the central nervous system are generally 
rare. However, they represent a major challenge due to 
the high mortality rate, considering that only one-third of 
individuals survive at least 5 years after diagnosis [1]. 
In the US, primary brain tumors account for about 2% 
of all cancers, with a total annual incidence of 22 per 
100,000 population, with nearly 80,000 new cases of 
which a third are malignant [1], [2]. The classification 
and understanding of these tumors has changed rapidly 
in recent years, in parallel with expanding molecular 
understanding and advances in detection and diagnosis, 
although much of the etiology still remains unknown [3].

According to the latest WHO classification 
from 2021, a new approach was given for the 

classification of glioma, glioneuronal and neuronal 
tumors, grouping them into six different groups. 
The presence of isocitrate dehydrogenase gene 
mutation (IDH1 or IDH2) has become one of the most 
critical biomarkers for molecular classification and 
prognosis in adult diffuse gliomas [4]. About 65–90% 
of patients with adult diffuse gliomas have seizures 
as their initial symptoms. In patients with temporal, 
insular, or frontal location of gliomas, the incidence 
of epilepsy is higher, especially oligodendrogliomas 
are closely related to pre-operative seizures [5]. The 
pathophysiological mechanism of epilepsy in patients 
with gliomas is very complex and many factors are 
included in it. However, our understanding is very 
poor. Many molecular biomarkers are thought to be 
associated with the onset of epileptic seizures. There 
are studies based on the investigation of biochemical 
changes in tumors and their microenvironment to 
establish the mechanisms and factors that influence the 
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development of cancer [5], [6]. One of the mechanisms 
that can explain epilepsy in patients with IDH 1 
mutation is that IDH 1 enzyme reduces α-ketoglutarate 
to d-2-hydroxyglutarate (D2HG). D2HG bears a strong 
structural resemblance to glutamate. Glutamate is the 
prime excitatory neurotransmitter. IDH 1 mutant gliomas 
are producing D2HG which can potentially interact in 
the excitatory and inhibitory pathway, and in the end, 
they may produce seizure [7].

The aim of this study is immunohistochemical 
determination of the presence of IDH 1 mutations in a 
patient with supratentorial gliomas and determination of 
the association of IDH 1 mutations with symptomatic 
epilepsies.

Materials and Methods

The study was conducted as an observational, 
cross-sectional, and prospective clinically controlled 
study. The study was conducted at the Clinic of 
Neurosurgery of the Clinical Center of the University 
of Sarajevo, while additional immunohistochemical 
diagnostics was performed at the Department of 
Pathology, Clinical Center of the University of Sarajevo. 
The study included 100 patients aged 18−70, treated at 
Clinic of Neurosurgery during the period of September 
2020 until July 2022. The study included those patients 
with pathohistological confirmation of glioma WHO 
Grades II–IV who were stratified by groups according 
to the tumor grade. Criteria for the inclusion of patients 
in the study were: Age 18−70  years, supratentorial 
gliomas WHO Grades II–IV (diffuse glioma Grades 
II–IV, GBM modified according to the WHO 2021), 
pre-operative neurodiagnostics (MRI of the brain), 
pathohistological diagnosis (with IDH status) of adult 
diffuse glioma WHO Grades II–IV, and GBM, modified 
according to the WHO 2021. At the beginning of the 
study, all subjects and/or families were thoroughly 
informed about the plan and procedure of the study, 
after which they gave written consent for voluntary 
participation in the study. The examination procedure 
of the examinee included the processing of previous 
medical documentation, medical history, neurological 
examination, pre-operative MRI of the brain with 
contrast, pathohistological verification of the tumor, and 
determination of the status of IDH 1 mutations, through 
glioma surgery or biopsy. The diagnosis of epilepsy is 
established on the basis of clinical manifestation of at 
least one epileptic attack with a verified tumor process 
in the brain, which is sufficient to establish the diagnosis 
of epilepsy. Standard statistical methods were used as 
a comparison using the Chi-square test, Fisher’s exact 
test, and correlation analysis according to Spearman 
and regression multivariate analyses were performed 
to examine the impact. The results of all tests were 

considered significant at the confidence level of 95% 
or with values of p < 0.05. The analysis was performed 
using the statistical package IBM Statistics SPSS v23.0, 
R 4.2.1 and JASP 0.16.3.0.

Results

The average age of the patients was 51.8 ± 
12.7  years (median – 52.5  years), with the youngest 
patient at the age of 22 and the oldest at the age of 
70 years. Slightly higher representation of men in the 
sample with 57% compared to 43% of women.
Table  1: Percentage distribution according to isocitrate 
dehydrogenase status
IDH status
Type n (%)
Positive mutation 39 (39.0)
Negative wild type 61 (61.0)
Total 100 (100.0)
IDH: Isocitrate dehydrogenase.

If we look at the general representation of 
IDH 1 mutations, then negative wild type was more 
represented in 61% of cases compared to 39% of cases 
with positive mutated type, which is shown in Table 1 
and Graph 1.

39

61

Positive mutation

Negative-wild type

Graph 1: Distribution according to IDH status

In our study, in the group of patients with IDH-
positive gliomas, epileptic seizures were present in 
87.2%, but in the group of patients with IDH-negative 
wild-type gliomas epileptic seizures were present in 
16.4% of cases.

Statistical analysis using Fisher’s exact test 
shows a statistically significant difference (χ2 = 8.378; 
p = 0.0001), while correlation analysis using Spearman’s 
rank correlation coefficient indicates a significant 
connection (r = 0.696; p = 0.0001) that means that 
positive mutated IDH-type carries an almost 70% 
increase in the odds of epileptic seizures (Table 2).

The analysis of the frequency of epileptic 
seizures according to the grade of diffuse astrocytomas 
shows that epileptic seizures as a symptom are present 
in 22 cases (63.63%) with diffuse astrocytoma Grade 2, 
while in the groups of diffuse astrocytomas Grades 
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3 and 4, they are present in 5 and 7  cases (100%), 
respectively. 
Table  2: Distribution according to isocitrate dehydrogenase 
status
Seizure IDH status Total

Positive mutation, n (%) Negative wild type, n (%)
Yes 34 (87.2) 10 (16.4) 44 (44.0)
No 5 (12.8) 51 (83.6) 56 (56.0)
Total 39 (100.0) 61 (100.0) 100 (100.0)
χ2 = 8.378; P = 0.0001. r = 0,696; p = 0.0001. IDH: Isocitrate dehydrogenase.

The obtained p-value indicates that there is no 
statistically significant difference in the distribution 
of epileptic seizures according to the grade of diffuse 
astrocytomas (Table 3).

Table 3: Frequency of epileptic seizures according to grade of 
diffuse astrocytomas
Seizure Diffuse astrocytomas Chi‑squared test

Grade II Grade III Grade IV
Yes 22 (63.63) 5 (100) 7 (100) p = 0.1386

χ2 = 3.9529No 8 (36.37) 0 0

Within the group of diffuse astrocytomas, in 
the subgroup of IDH positive, 34 patients (85.81%) had 
epileptic seizures in the clinical picture, while in the 
subgroup of IDH negative, there were no patients with 
epileptic seizures (Table 4).

Table  4: Frequency of epileptic attacks in the subgroup of 
diffuse astrocytomas
Seizure IDH status Chi‑squared test

Positive Negative
Yes 34 0 p ≤ 0.001

χ2 = 13.731No 5 3
IDH: Isocitrate dehydrogenase.

Discussion

In our study, a significant association 
between epileptic seizures and IDH 1 mutations was 
demonstrated, which correlates with most of the earlier 
studies. In the group of patients with IDH1-mutated 
adult diffuse gliomas, epileptic seizures were present in 
87.2%, while in the group with IDH1 wild type, epileptic 
seizures were present in 16.4% of patients, which 
represents an almost 70% increase in the likelihood 
of epileptic seizure attacks in IDH1-mutated tumors. 
By analyzing the frequency of epileptic seizures within 
the group of diffuse astrocytomas, and according to the 
presence of IDH mutations, a statistically significant 
difference in frequency is also obtained in favor of IDH-
positive tumors.

After the discovery of IDH mutations, several 
studies reported a higher incidence of epileptic seizures 
in patients carrying these mutations [8]. In addition, 
even the different rate of epileptic seizures within 
histological subgroups of gliomas is primarily explained 
by the different prevalence of IDH mutation [9]. A meta-
analysis published in 2017 that included low-grade 
gliomas (grade II) in a sample of 722 patients proved that 

IDH1 mutations are correlated with a higher incidence of 
pre-operative epileptic attacks in low-grade glioma [10]. 
In our study within the group of diffuse astrocytomas, 
in the subgroup of IDH positive, 34 patients (85.81%) 
had epileptic seizures in the clinical picture, while in 
the subgroup of IDH negative, there were no patients 
with epileptic seizures. This correlates with the previous 
published studies.

Duan et al. proved that IDH1 mutations are 
significantly associated with pre-operative seizures in 
patients with IDH1 mutation [5]. Recently, Feiissa et al. 
confirmed that IDH1 mutation and MGMT methylation 
are associated with the occurrence of perioperative 
seizures [11]. However, another study found that the 
presence of IDH1 mutations was not associated with 
the incidence of epilepsy, although the results of that 
study may have been influenced by the inclusion of 
higher-grade tumors [12]. Yang et al. reported that 
patients with low MGMT protein expression were more 
likely to experience seizures after surgery [13]. In 
contrast, Feiissa et al. found that MGMT gene promoter 
methylation is associated with increased post-operative 
seizure control [11].

The results of a large meta-analysis that 
included a total of 12 studies showed that the isocitrate 
dehydrogenase 1 mutation is significantly associated 
with the incidence of perioperative epilepsy. Subgroup 
analysis showed that IDH1 was significantly associated 
with the incidence of pre-operative epilepsy, but not 
with intraoperative and post-operative epilepsy. There 
was no correlation between O6-methylguanine-DNA 
methyltransferase methylation and 1p/19k deletion and 
the incidence of perioperative epilepsy [12].

A more recent study that examined the 
impact of IDH1 and IDH2 mutations in different 
types of tumors with special reference to gliomas 
showed that in a sample of 923  patients, the total 
prevalence of IDH1 mutations was 34%. In diffuse 
astrocytomas, the percentage of IDH1 mutations 
was 76.7%, while in glioblastoma, this percentage 
was 5.6% [14]. Furthermore, a more recent study 
that included astrocytic and oligodendroglial tumors 
proved the presence of IDH1 mutations in 60% of 
diffuse astrocytomas, 33% of anaplastic astrocytomas, 
67% of anaplastic oligodendrogliomas, and 5% of 
glioblastomas [15]. An earlier meta-analysis analyzing 
IDH1 and IDH2 mutations from 55 different studies 
with 9487 glial tumors showed that both mutations 
were independently and statistically significantly 
associated with better overall survival and progression 
of free survival and disease-free survival in glioma 
patients [16]. These results provide additional evidence 
of an important role for these genes and suggest that 
IDH mutations are strong prognostic markers for 
survival in glioma and epileptic seizures.

Today, there are approved two drugs used in 
the treatment for IDH mutant acute myeloid leukemia 
(AML): Ivosidenib (IDH1 inhibitor) and enasidenib 
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(IDH2 inhibitor). Ivosidenib is an oral drug used for AML 
with suspected IDH1 mutation [17]. In a case report, 
authors reported post-operative drug resident epilepsy 
in a patient with oligodendroglioma. They treated 
the patients with ivosidenib, his seizure frequency 
decreased substantially after starting ivosidenib [18]. 
The inhibition of D2HG production by drug inhibition 
of IDH1 shows us the importance of IDH1 mutation 
in the pathophysiology of epilepsy in adult diffuse 
gliomas. Additional in one study with 170  patients 
glioma authors showed that IDH1 inhibitors may help 
manage seizures in patients with IDH1 mutant glioma 
and epilepsy [13].

Limitations of this study were a small sample 
size, the determination of IDH was performed only 
immunohistological, we did not perform PCR, short 
study period, the evidence of epileptic seizure was not 
completely documented by our team (sometime family 
or emergency room).

Conclusion

In this study, we have shown that there is 
a clear connection between the presence of IDH1 
mutations and the occurrence of epileptic seizures 
in the clinical picture of patients with diffuse adult 
gliomas. In the future, there is a need for more clinical 
and molecular studies to evaluate the role of IDH1 in 
epilepsy for patients with diffuse adult gliomas and 
potential therapeutics.
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