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The complexities underlying epilepsy in people with 
glioblastoma
Elisaveta Sokolov, Jorg Dietrich, Andrew J Cole

Seizures are among the most common clinical signs in people with glioblastoma. Advances over the past 5 years, 
including new clinical trial data, have increased the understanding of why some individuals with glioblastoma are 
susceptible to seizures, how seizures manifest clinically, and what implications seizures have for patient management. 
The pathophysiology of epilepsy in people with glioblastoma relates to a combination of intrinsic epileptogenicity of 
tumour tissue, alterations in the tumour and peritumoural microenvironment, and the physical and functional 
disturbance of adjacent brain structures. Successful management of epilepsy in people with glioblastoma remains 
challenging; factors such as drug–drug interactions between cancer therapies and antiseizure medications, and 
medication side-effects, can affect seizure outcomes and quality of life. Advances in novel therapies provide some 
promise for people with glioblastoma; however, the effects of these therapies on seizures are yet to be fully determined. 
Looking forward, insights into electrical activity as a driver of tumour cell growth and the intrinsic hyperexcitability of 
tumour tissue might represent useful targets for treatment and disease modification. There is a pressing need for 
large randomised clinical trials in this field.

Introduction
The interplay between seizures, brain tumours, and 
ultimately epilepsy in people with glioblastoma is multi­
factorial and complex.1–3 Seizures are frequently the 
presenting symptom in people with glioblastoma, but they 
could occur at any point in the course of this malignant 
disease.1–5 The varying causes of glioblastomas, their 
growth dynamics, specific location within the CNS, and 
molecular and cellular pathophysiology can have an effect 
on the type and severity of tumour-associated seizures.1–3 
Epilepsy could result from primary or metastatic brain 
tumours, as an unwanted consequence of tumour surgery, 
or as an adverse response to a specific anticancer 
treatment.1–6 Undoubtedly, epilepsy in people with 
glioblastoma is detrimental to an individual’s psychological, 
psychiatric, and physical wellbeing, with a major negative 
effect on quality of life. Optimal management of epilepsy 
in people with glioblastoma currently considers all these 
factors in a tailored approach to the individual; however, 
management of epilepsy is not well standardised.1,2 
Emerging data suggest that the management of epilepsy in 
people with glioblastoma with particular antiseizure 
medications not only might help improve seizure 
frequency but also could potentiate antitumour effects.7–12

Advances in genetics since 2018, biomarker research, 
and immunotherapies, and the lack of international 
consensus on the medical management of epilepsy in 
people with glioblastoma, underpin the need for a 
comprehensive review of the area.1–3 In this Review, we 
focus primarily on advances in the field of epilepsy in 
people with glioblastoma and developments that have 
occurred over the past 5 years. We consider the 
epidemiology, medical management, and prognosis of 
seizures related specifically to glioblastoma in the context 
of tumour biology and underlying pathophysiology. We 
also address novel insights into cancer therapies and 
associations with seizures. Surgical management is not 
included in the scope of this Review.

Epidemiology
The worldwide morbidity and mortality attributed to CNS 
malignancy is high, and the incidence of brain tumours 
increased between 1990 and 2016, with China, India, and 
the USA reporting the highest incidence rates, probably 
in part due to high ascertainment.13 The Central Brain 
Tumor Registry of the United States reported the 
incidence of primary malignant and non-malignant brain 
and other CNS tumours in the USA between 2013 and 2017 
to be 24·23 cases per 100 000 people, for a total count of 
431 773 cases, with a slightly higher overall incidence 
in woman than in men.14 Additionally, approximately 
93 470 new cases of brain tumour were anticipated to be 
diagnosed in the USA in 2022.15

Glioblastoma is the most common and malignant 
primary brain tumour in adults,16 with a reported median 
overall survival of approximately 15 months.17 In one study, 
an even shorter survival was reported in people analysed 
between 2001 and 2017, with a median observed survival of 
8 months, which is the lowest survival rate for all primary 
malignant CNS tumours and the worst 5-year survival rate 
for all cancers.16 Most glioblastomas are primary tumours 
that occur in the absence of previous malignancy. Primary 
glioblastomas are most common in older individuals and 
are usually diffuse and infiltrative. Secondary glioblastomas 
arise from astrocytomas of a lower grade, are most likely to 
occur in younger patients, are often frontal in location, and 
usually confer a better prognosis than that of primary 
glioblastomas in other brain regions.

More than 10% of people with focal brain tumours 
have epilepsy related to their tumour.2 In general, 
gliomas, glioneuronal tumours, and neuronal tumours 
are the most common types of CNS tumour associated 
with seizures. An estimated 80% of patients with 
gliomas will have one or more seizure episode during 
their disease course.2 In this Review, we focus on 
epilepsy in people with glioblastoma primarily because 
management guidance in this area, especially with 
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respect to anti-epileptic prophylaxis, is lacking in 
consensus. Gaining a clear understanding of the precise 
incidence and prevalence of epilepsy in people with 
glioblastoma is difficult, partly because of variability in 
histological subtypes of glioblastoma and the varying 
location of these tumours within the CNS.5,18 The 
frequency of seizures varies depending on tumour 
histology and the heterogeneity of underlying patho­
physiological mechanisms of epileptogenesis.3,19 Notably, 
in patients with glioblastoma with a high tumour cell 
proliferation and growth rate, rates of epilepsy appear to 
be slightly lower (30–50%) than in patients with lower-
grade malignancies, such as in oligodendroglioma and 
astrocytoma.5 Anaplastic astrocytomas (ie, CNS WHO 
grade 3) and oligodendrogliomas are also more likely to 
be associated with generalised seizures than are  
glioblastomas, supporting the notion that more 
aggressive and fast-growing tumours might be less 

epileptogenic.3,20 In some patients with glioblastoma, 
epilepsy might not occur due to rapid lesion growth 
outstripping epileptogenesis, rapid disease progression, 
and short patient survival.5,20 When seizures are seen as 
the presenting symptom of glioblastoma, a longer 
survival time might be predicted, particularly in patients 
younger than 60 years old, although a younger age at 
time of diagnosis might create a bias in favour of 
improved outcomes in this context.21

In general, cortical lesions are more frequently 
associated with seizures than are subcortical lesions.22 The 
innate epileptogenicity of mesial temporal structures, 
specifically the hippocampus, is well described,22 and 
patients with temporal lobe lesions frequently have 
refractory tumour-related epilepsy.19,22 Peritumoral oedema 
is one of the most substantial risk factors for seizures in 
patients with brain tumours, along with older age, male 
sex, and non-skull base tumour location.23

Figure 1: Case of a patient with right frontal glioblastoma and challenging secondary seizure disorder
A 47-year-old man presented to hospital after a generalised seizure. (A) T1 + C showed a non-enhancing right frontal mass, while T2-weighted images showed cortical 
and subcortical T2-FLAIR hyperintensity with mass effect. Treatment with levetiracetam (500 mg twice daily) was initiated immediately to manage seizures, but 
because of the rapid onset of anxiety and depression after several days, levetiracetam was stopped and carbamazepine (target dose 300 mg twice daily) was 
substituted. The patient continued to have focal unaware seizures and focal-to-bilateral seizures before surgery so a second antiseizure medication, lacosamide (target 
dose 150 mg twice daily), was added to his regimen. (B) After tumour resection, a diagnosis was made of IDH-wildtype, MGMT-methylated anaplastic astrocytoma. 
Subsequently, EGFR amplification was identified and the integrated diagnosis was updated to diffuse astrocytic glioma, IDH-wildtype, with molecular features of 
glioblastoma, WHO grade 4.20 Tumour therapy included radiation therapy (60 Gy), followed by six cycles of adjuvant temozolomide. Over the next 1–2 years, the patient 
developed fatigue with memory impairment, poor cognitive initiation, and reduced motivation, along with worsening bifrontal T2-FLAIR hyperintensities, which were 
presumed secondary to radiation effects. Although no definitive tumour progression was noted for more than 3 years, seizures continued at a frequency of 1–2 per 
month. (C) A seizure captured on EEG shows focal rhythmic activity from the right anterior quadrant followed by secondary generalisation and profound post-ictal 
slowing. Lamotrigine (target dose 200 mg twice daily) was added as third agent, but the patient’s baseline fatigue worsened. (D) Tumour progression was confirmed 
4 years after initial presentation, with a new area of nodular enhancement posterior to the previous resection cavity. FLAIR=fluid-attenuated inversion recovery. 
T1 + C=T1-weighted with gadolinium contrast.
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Clinical manifestations
Seizures are the initial presentation of glioblastoma in 
approximately 25–30% of individuals with this malignant 
disease (figure 1).24 Seizures in people with glioblastoma 
can also result from tumour-directed treatments, 
including surgical injury and radiation-induced tissue 
injury.25 Signs and symptoms of epilepsy in people with 
glioblastoma are highly variable depending not only on 
tumour location but also on the cortical structures 
involved in the epileptic network. Tumour size and 
growth rate also affect presentation.1–3

Characterisation of seizure semiology with respect to 
current guidelines is important for choosing the best 
possible medical management. Seizure type and 
semiology can be classified according to the 2017 
International League Against Epilepsy guidelines.26 
Seizure semiology typically reflects the underlying 
location of the lesion; however, in some patients, 
particularly when non-eloquent cortical structures are 
involved, seizure semiology is driven predominantly by 
seizure spread.22 Seizure semiology could change after 
surgical resection, because there could be disruption of 
local or more distant networks due to scar tissue 
formation and cerebral oedema in the first instance.27

Pathophysiological mechanisms
The pathophysiology of epilepsy in people with 
glioblastoma most likely relates to a combination of the 
intrinsic epileptogenicity of tumour tissue, alterations in 
the tumoural and peritumoural microenvironment, and 
physical and functional disturbance of adjacent brain 
structures. Tumour site, the molecular biology of the 
tumour, histopathology, the predisposition and sub­
sequent susceptibility of peritumoural tissue to epilepto­
genicity, and blood–brain barrier integrity have all been 
implicated in epilepsy in people with glioblastoma.1–3,22,23 
Several molecular markers and genetic alterations are 
pertinent not only to glioblastoma but also to epilepsy in 
people with glioblastoma (panel 1), indicating a role for 
microRNAs and ion channels in both seizures and 
tumour biology. 

Proinflammatory molecules, such as interleukins and 
specific cytokines in the tumour microenvironment, also 
have been shown to have a role in epileptogenecity.52–56 
This notion has been supported by emerging data from 
the use of chimeric antigen receptor T (CAR-T) cell 
therapies, with their high rate of associated neurological 
complications in patients without CNS disease for whom 
an elevated seizure risk is driven by endothelial damage 
and cytokine release.57,58

Distinct molecular alterations in tumour tissue might 
have crucial implications for both tumour biology and 
seizure risk. The PI3K–mTOR pathway has a role in 
modulating cellular mechanisms, including cell growth, 
proliferation, longevity, neuronal morphology, and 
migration. It is emerging as a pivotal pathway in 
tumorigenesis.59–63 This pathway interacts with the 

metabolite of IDH1 mutant activity, 2-hydroxyglutarate, 
which might potentiate tumour growth and enhance 
cellular excitation and has been associated with 
epilepsy.64,65 Overactivation of the mTOR pathway in the 
peritumoral environment can lead to seizures resulting 
from disrupted regulation of synaptic transmission and 
ion channel expression.60 Therefore, novel insights into 
the mTOR pathway have indicated new therapeutic 
approaches for both epilepsy and brain tumours.59,60,66 
Moreover, loss of mTOR signalling and expression of 
Trp53 are considered essential in determining the 
diversity and electrical activity of BRAFV600E-induced 
tumours in the developing brain.60 Inhibition of the 
mTOR pathway in IDH-mutant glioma can improve 
mean survival and slow tumour growth and, perhaps not 
coincidentally, could subsequently reduce seizure burden 

Panel 1: Glioblastoma characteristics and factors 
associated with epilepsy

Clinical presentation
•	 Median age at diagnosis, 68–70 years
•	 Symptoms include vomiting, headaches, and seizures
•	 Tumours are typically located extratemporally

Molecular markers 
•	 PI3K–mTOR28

•	 IDH1 and IDH2 
•	 BRAFV600E (ie, Val600Glu) 
•	 RAF–MEK29–36

•	 2-hydroxyglutarate
•	 MicroRNAs37–40

•	 KCC241–45

•	 Glutamate46–48

•	 EGFR49

•	 PTEN38

•	 CDKN2A50,51

•	 Loss of heterozygosity in chromosome 10q50,51

Factors associated with epilepsy
•	 Tumour recurrence or progression
•	 Preoperative seizure history and treatment with multiple 

antiseizure medications
•	 MGMT promoter status
•	 BRAFV600E

•	 miR-21-5p
•	 miR-128
•	 Reduced expression of KCC2
•	 Glutamate
•	 IDH1 mutation
•	 Low OLIG2 
•	 Hypoxia–HIF1α–STAT5b signalling pathway

Factors associated with improvements in seizures
•	 Located in the temporal lobe
•	 Total resection 
•	 BRAF and MEK inhibition 
•	 REST inhibition
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(ie, frequency and severity).62 The mTOR inhibitor 
everolimus is licensed for treatment of tuberous 
sclerosis-associated subependymal astrocytoma, and this 
drug has shown promising results in other gliomas.62,63

Novel data suggest a unique role of glial cell 
involvement and glia–tumour cell interactions in 
tumour-driven epileptogenesis. Increasing cellular 
excitability and subsequent seizure onset is associated 
with neurosynaptogenesis that might arise due to the 
expansion of pathological glial cells within the tumour. 
Epilepsy-associated genes were shown to be expressed 
on some of these pathological glial cells and provide 
support for a potentially erroneous synaptic mechanism 
contributing to seizure generation in patients with 
glioma.67

Genetics
Genetic alterations in glioblastoma, which have been 
evidenced in the past 5–10 years, indicate potential 
actionable targets for both diagnosis and treatment of 
seizures related to glioblastoma, and they outline core 
biological pathways relevant to tumorigenesis and 
tumour behaviour. Findings of a multiomics study68 
in 2021 suggest that a combination of biomarkers is 
needed to provide a holistic and well rounded approach 
to diagnosis and classification of glioblastoma subtypes, 
with subsequent implications for prognosis and 
management. Heterogeneity within glioblastoma is a 
key factor in its poor prognosis.69,70 Most primary 
glioblastomas contain an alteration in either EGFR, 
PTEN, or CDKN2A, or loss of heterozygosity in 
chromosome 10q,71 whereas in secondary glioblastoma, 
Trp53 and IDH1 mutations are more prolific. Variability 
in genetic alterations is also highly relevant because 
mutations can predict the aggressiveness of tumour 
subtypes.67 The function of some EGFR missense 
mutations has been described;49 however, further insights 
into how tumour phenotype is affected and the 
subsequent clinical implications, including the effect on 
seizure burden, are needed. The tyrosine kinase–RAS–
PI3K pathway and the tumour-suppressive Trp53 and 
retinoblastoma pathways are also crucial in glioblastoma.49 
However, gene alteration within these pathways has not 
been successful because of the involvement of complex 
regulatory networks.49

IDH1 mutations are a hallmark mutation in individuals 
with secondary high-grade gliomas,65,71 and they are 
associated with a high incidence of preoperative seizures 
in people with low-grade glioma.72 Gene expression 
imaging can be used to identify regional variability in 
people with glioblastoma. For example, significantly 
lower expression of OLIG2 was recorded using this 
method in people with glioblastoma with seizures 
compared with those without seizures.28 Mesenchymal 
gene expression has also been linked with epilepsy 
in people with glioblastoma, and modulation of 
transcription factors (eg, NF-κB, STAT, and CEBP-β) has 

been shown to be relevant in this patient population. For 
example, downregulation of the hypoxia–HIF1α–STAT5b 
signalling pathway is associated with epilepsy in people 
with glioblastoma.73

Some genetic mutations have multiple effects on 
tumour biology and seizure risk. For example, the 
BRAFV600E mutation—which is more frequent in women 
than in men—is an emerging molecular marker of 
tumour epileptogenicity (primarily in cells of neuronal 
lineage) and is a potential target for treatment.74–79 In a 
case study, however, inhibition of BRAF and MEK was 
not effective for control of epilepsy in people with 
glioblastoma.74 Although treatments targeting BRAFV600E 
are emerging as a strategy in lesions such as 
gangliogliomas, little evidence is available to suggest this 
approach will be effective in glioblastoma.76 Next-
generation kinase inhibitors, including RAF and MEK 
inhibitors, are being developed as pharmacological 
agents for treatment of BRAFV600E mutation-driven 
primary brain tumours, particularly those that might be 
difficult to access surgically.74–79 The BRAFV600E somatic 
mutation has been identified as an important cause of 
refractory epilepsy in developing neurons in murine 
models. RNA sequencing of brain tissue with the 
mutation showed that BRAFV600E-induced epileptogenesis 
is modulated by REST—a regulator of ion channels and 
neurotransmitter receptors associated with epilepsy. Koh 
and colleagues79 showed that seizures in these preclinical 
models were significantly reduced in terms of frequency 
and severity by vemurafenib, a BRAFV600E inhibitor, and 
by some genetic inhibitions of REST, indicating the 
potential for future targeting of these genetic biomarkers.

Mutations in MGMT are frequently reported in people 
with glioblastoma and other astrocytic tumours.80 NF-κB 
helps to regulate the transcription of MGMT, and this 
transcription factor is also thought to have a role in 
seizure risk by modulating T cells and proinflammatory 
cytokines in the peritumoural environment.81 Resistance 
to chemotherapeutic agents such as temozolomide has 
been reported in some gliomas with mutations in 
MGMT. Levetiracetam plus interferon alfa has shown 
some promise against temozolomide resistance in 
MGMT-positive glioma.81

MicroRNAs—which consist of non-coding RNA—are 
considered novel biomarkers for many neurological 
disorders, including refractory epilepsy.29,30 Epigenetic 
modifications of microRNAs affect gene expression at 
the post-translational level, potentially affecting hundreds 
of genes at a time. They could serve as diagnostic markers 
because of noted variations in expression in the CSF of 
both healthy people and those with glioblastoma. A close 
relation has been reported between some microRNAs 
and the mTOR pathway. For example, increased con­
centrations of miR-21-5p cause upregulation of the 
mTOR pathway and subsequent epileptogenesis.29 The 
microRNA miRNA-128 has been identified as a possible 
silencing target in people with glioma who have 
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seizures.64 Therapies that target microRNA, such as 
RGLS5579 (an anti-miR-10), have shown some promise 
in people with glioblastoma and epilepsy.31

A definitive feature of glioblastoma is tumour cell 
invasion into normal brain parenchyma, and this 
process could be facilitated by ion channels.35 These 
proteins have a pivotal role in some epilepsy disorders 
and they might contribute to epileptogenesis in people 
with glioblastoma.32–34 Ion channels are promising 
pharmaceutical targets for the management of 
seizures.35 Study findings have shown that potassium 
homoeostasis that is modulated by specific potassium 
channels (eg, Kir4.1) in the peritumoural 
microenvironment can affect seizure risk.82 Kir4.1 is 
expressed on glial cells and is thought to maintain 
cellular potassium homoeostasis and buffering. 
Neuronal potassium homoeostasis is pivotal to the 
hyperexcitability of the cell and, therefore, mutations or 
variation in expression of Kir4.1 could have a crucial 
role in epileptogenesis and in tumorigenesis.82 The 
potassium chloride transporter KCC2—a neuron-
specific membrane protein with notable expression in 
the brainstem, hippocampus, and hypothalamus—
regulates GABA activity and actively maintains the 
chloride gradient across neuronal networks.32,33,35,36 
Neuronal excitability is enhanced by glutamate, whereas 
GABAergic interneurons are inhibitory. GABAergic 
inhibition is largely mediated via the KCC2 
cotransporter. A reduction in KCC2 expression has 
been reported in the peritumoral microenvironment of 
glioma in rodent models, and in patients with glioma 
after surgery in whom the amount of KCC2 expression 
was inversely correlated with increased seizure 
burden.32,33,36 Downregulation or loss of inhibitory 
neuronal signalling modulated by GABA and decreased 
KCC2 expression has been described in preclinical 
glioma models.36 The predicted result of these changes 
would be a hyperexcitable peritumoral environment 
and a predisposition to seizures. Astrocytes are key 
modulators of extracellular glutamate concentrations. 
They express two high-affinity glutamate transporters—
GLT-1 and GLAST—that eliminate glutamate from the 
extracellular space. Astrocytes form scars in the 
peritumoural microenvironment and, with their usual 
function impaired, glutamate concentrations rise 
leading to hyperexcitability and seizures.83 Complexes 
can form between AQP-4—a widely expressed cerebral 
water channel in astrocytic end-feet—and both chloride 
and potassium channels, which might have a 
downstream modulatory effect on membrane 
excitability through the regulation of potassium and 
glutamate.84 AQP-4 is also integral to mechanisms that 
lead to cerebral oedema in the context of brain injury, 
including tumour-related injury. Glutamate can 
modulate the expression of AQP-4 via mGluR5, 
identifying these potential targets in oedema control 
and, subsequently, seizures related to brain injury.84,85

The complex interplay between glutamate, AMPA, 
NMDA, and GABA probably contributes to the origin of 
seizures in people with glioblastoma. Upregulation 
of glutamate, AMPA, and NMDA receptors, and 
downregulation or impaired function of GABA receptors, 
enhances the excitability of the peritumoural and 
tumoural environment and increases the likelihood of 
seizures.37 Phosphorylation changes in the extrasynaptic 
NMDA receptor in murine peritumoural tissues have 
been shown to result in neuronal hyperexcitation.38 
Moreover, glutamate is secreted in high quantities in 
glioblastoma and can have a toxic effect on local brain 
parenchyma, enabling tumour growth and epilepto­
genesis. High concentrations of glutamate are associated 
with an increased propensity to seizures in glio­
blastoma.38,85 The MRI modality glutamate-weighted 
chemical exchange saturation transfer at 7 T 
(7T GluCEST) can be used to non-invasively identify and 
quantify glutamate expression. 7T GluCEST studies have 
shown that, in the setting of glioma, glutamate is a 
potential biomarker of both local epileptogenicity and 
survival.39

Management
The management of epilepsy in people with glioblastoma 
can vary considerably; it is not prescriptive and should be 
tailored to the individual, requiring a multidisciplinary 
strategy. Factors including sex, BMI, underlying comor­
bidities, and adjunct therapy should be considered when 
planning the treatment of epilepsy in people with 
glioblastoma.42–45,86–88 Tumour resection followed by radio­
therapy plus temozolomide chemotherapy is the current 
standard of care (panel 2).91 Figure 2 suggests a basic 
initial management plan for epilepsy in people with 
glioblastoma based on current best practice.45,88,91 In 2019, 
a group from China proposed a guideline for the manage­
ment of glioma-related epilepsy;45 however, worldwide 
practice remains varied, and there is currently no 
national or international consensus on specific guidelines 
and protocols. A multifaceted epilepsy evaluation, 
including video EEG, nuclear medicine scans (ie, ictal 
and interictal SPECT and PET), and anatomical and 
functional MRI, can be used.2

Antiseizure medications
Antiseizure medications are the most widely used and 
effective approach for seizure control. Nonetheless, they 
do not provide complete relief from seizures for 
approximately 20% of people with glioblastoma 
(figure 1).92–94 Antiseizure medications should be 
administered immediately after a definite epileptic 
seizure and at the lowest dose required to control 
seizures, to minimise side-effects and drug–drug 
interactions.44,45,74 Broadly, the standard approach to 
management of focal epilepsies (unrelated to a brain 
tumour) can be used for management of seizures in 
people with glioblastoma.
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The choice of antiseizure medication for people with 
glioblastoma depends on seizure classification and inter­
actions with concomitant drug therapies (table).45,91,93,94 
Co-administration of chemotherapeutic agents and anti­
seizure medications is common, and potential inter­
actions and additive toxicities need to be carefully 
considered. Although practice varies by region, levetira­
cetam is typically the first-line choice for treatment of 
epilepsy in people with glioblastoma.44,91 Advantages of 
levetiracetam include the availability of an intravenous 
preparation for situations in which the patient is unable 
to take tablets and that few drug–drug interactions have 
been reported. In contrast, many antiseizure medications, 
such as carbamazepine and its derivatives, are potent 
enzyme inducers. Valproic acid, which is also available as 
an intravenous preparation, is a broad-spectrum enzyme 
inhibitor that might interact with some antitumour 
treatments. Valproate, lamotrigine, and lacosamide are 
common second-line choices. Lamotrigine requires a 
titration repeated over multiple weeks to achieve an 
effective plasma concentration to minimise the risk of 
Stevens-Johnson syndrome. If seizures persist despite 
the administration of one of these antiseizure medi­
cations at the maximum tolerated dose then others can 
be added.40–45,86–88,91 Antiseizure medications developed 
over the past three decades (eg, lamotrigine, lacosamide, 
zonisamide, brivaracetam, levetiracetam, and peram­
panel) might be better tolerated than older agents (eg, 
phenobarbital and phenytoin). Valproate in combination 

with a newer antiepileptic drug, such as levetiracetam, 
can be effective for patients with refractory seizures.92,93

The difficulty of effectively treating glioblastoma is 
partly due to glioma stem cells, which can rapidly 
repopulate the tumour after the initial treatment. Several 
studies have shown that perampanel increases apoptosis 
of tumour cells and reduces extracellular glutamate in 
vitro.46,86 In one 2018 study,86 perampanel was shown not 
only to reduce seizure frequency and severity in patients 
with glioma but also to have radiographically detectable 
inhibitory effects on tumour growth. The results of this 
study might have been confounded by the use of 
chemotherapeutic agents, and the overall study was 
limited by the small cohort of 12 patients.86 Further 
studies are needed to investigate and delineate the 
possible antitumour effects of perampanel in 
glioblastoma.

Many antiseizure medications are metabolised via 
cytochrome P450, as are several chemotherapeutic agents 
used to treat brain tumours, raising concerns about 
drug–drug interactions—eg, possible heightened drug 
clearance, associated toxicity, and higher doses needed 
for efficacy.41 Some antiseizure medications can either 
inhibit or induce specific cytochrome isoenzymes, 
subsequently impeding or potentiating the metabolism 
of other drugs. Potent enzyme-inducing antiseizure 
medications include phenytoin, phenobarbital, 
carbamazepine, and topiramate, which are generally not 
suitable for use in conjunction with several conventional 
chemotherapies, notably temozolomide, due to 
pharmacological interactions.80 These antiseizure 
medications will also enhance the clearance of several 
other chemotherapeutic agents (eg, vinca alkaloids, 
anthracyclines, taxanes, nitrogen mustards, epipod­
ophyllotoxins, and alkylating agents) and corticosteroids.41 
Conversely, chemotherapeutic agents can also affect the 
pharmacodynamics of antiseizure medications, thereby 
affecting seizure risk. Combining antiseizure 
medications with chemotherapy, tyrosine kinase 
inhibitors, or steroids increases the risk of side-effects 
and drug interactions. Ensuring the therapeutic ranges 
of antiseizure medications are achieved, and toxicity is 
identified early by clinical assessment and plasma 
monitoring, is recommended.16

Prophylaxis
The role of prophylactic antiseizure medications in 
patients with a brain tumour without a history of seizures 
remains controversial, partly because of study design and 
bias with underpowering and inadequate blinding.92,93 
In 2021, the American Academy of Neurology updated 
guidance to state that, in patients with newly diagnosed 
brain tumours who are seizure free, clinicians should 
not routinely prescribe antiseizure medications to 
minimise the risk of seizure.91 These recommendations 
were made despite acknowledgment that newer 
antiepileptics might have fewer side-effects and potential 

Panel 2: Medical management of glioblastoma and 
associated epilepsy

•	 Tumour resection plus radiotherapy plus temozolomide 
chemotherapy are the current standard of care4,24,37

•	 MRI should be done 24–72 h after tumour resection 
•	 Postoperative radiotherapy should be initiated at an early 

stage after surgery2

•	 Chemotherapy (ie, procarbazine–lomustine–vincristine or 
temozolomide) has been associated with improved 
seizure outcomes89

•	 Levetiracetam has been linked to improved survival after 
a definite epileptic seizure, at the lowest dose for control 
of seizures90

•	 The amounts of antiseizure medications in blood should 
be monitored2 

•	 A next-line antiseizure agent at the minimum effective 
dose should be added if seizures persist40 (figure 2)

•	 Enzyme-inducing antiseizure medications should be 
avoided in patients on chemotherapy,40 and doctors should 
be mindful of drug–drug interactions

•	 In patients with newly diagnosed brain tumours, and in 
perioperative patients who remain seizure free, 
antiseizure medications are not currently indicated, but 
the doctor and patient should discuss risks and whether 
to use these drugs40
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antitumour effects. Importantly, in the perioperative 
setting, no definitive evidence is available to recommend 
prescription of antiseizure medications in patients 
undergoing surgery or, indeed, with the aim to improve 
overall survival.88,93 Despite this absence of evidence, 
many neurosurgeons still prescribe antiseizure 
medications to patients undergoing tumour resection.94 
Ultimately, treatment decisions regarding prophylactic 
antiseizure medications rest with the treating clinician, 
taking into account the patient’s choice and factors such 
as the location and type of tumour, the burden of 
comorbidities, and the risk of toxicity.93,94 Evidence is 
inadequate to address the question of whether and when 

to discontinue antiseizure medications in the postoperative 
setting. However, withdrawal of antiseizure medication 
can be considered in selected patients.47,48

Antitumour effects of antiseizure medications
Some antiseizure medications have shown promising 
additional antitumour effects.7,8,10–12 Valproate, a histone 
deacetylase inhibitor, is the best-studied antiseizure 
medication regarding its effect on survival in patients 
with glioblastoma with seizures.7 Histone deacetylase 
inhibitors have a role in both gene expression and 
epigenetic modulation, and they have also been used as 
anticancer agents.16 In several studies, valproate has 

Seizures
present

Glioblastoma

Yes

Seizures
persist? Surgery?

YesNo

Seizures
persist?

YesNo

No

Administer levetiracetam at the
lowest therapeutic dose85 

Seizures controlled
Remain on low-dose
levetiracetam85,86

Add second-line agent, taking
into account side-effects and 
toxicity and possible effects on
survival. If no contraindication then
the second-line agent could be
valproate or lamotrigine85,86 

YesNo

No antiseizure medication
prophylaxis26

Perioperatively, there is no research 
to support giving antiseizure 
medication in these patients. If 
antiseizure medications are given, 
this should be done after discussion 
between the patient and their 
doctor. Antiseizure medications 
should be withdrawn within 1 week 
if the patient is seizure free.26

Remain on current  antiseizure 
medication

Ensure maximum tolerated dose
has been achieved. Add a third-line
agent (table 1). Throughout
treatment, monitor concentrations
of antiseizure medications and
clinical signs of toxicity

Figure 2: Proposed initial management algorithm for epilepsy in patients with glioblastoma
This model should be used as a guide. The importance of the discussion between patient and doctor, and patient-specific care, cannot be underestimated and always 
has the primary role in decision making.44,45,88,91
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been shown to improve survival; however, it has been 
associated with worse outcomes in grade 2 and 3 
glioma.96 Valproate and levetiracetam can interact with 
MGMT and might elicit antitumour effects through this 
mechanism.80 A few studies have linked valproate to 
improved survival in patients with newly diagnosed 

glioblastoma.12 However, Happold and colleagues97 did a 
combined survival analysis of antiseizure medications 
in this patient group and concluded that valproate and 
levetiracetam could only be used for seizure control, 
and neither drug was associated with outcome of 
glioblastoma. In another study, Wnt–β-catenin 

Mechanism of action Side-effects Adverse effects Drug interactions Suggested approach

Levetiracetam Modulates SV2A, a synaptic 
vesicle glycoprotein, and inhibits 
presynaptic calcium channels

Mood disturbance, depression, 
and anxiety

∙∙ ∙∙ First-line therapy

Valproate Probable upregulation of GABA Postural tremor, increased 
weight, alopecia, nausea, and 
vomiting 

Thrombocytopenia, 
pancreatitis, and 
hepatotoxicity

Clinically significant drug–drug 
interactions possible with lamotrigine 
and temozolomide; close monitoring 
required

First-line or second-line 
therapy

Lamotrigine Modulates voltage-gated sodium 
channels

Insomnia and hyperhidrosis Haemophagoctytic 
lymphohistiocytosis and rash

∙∙ Commonly used add-on 
therapy in glioblastoma-
related epilepsy

Topiramate Modulates voltage-gated sodium 
channels and calcium channels; 
targets GABA-A and AMPA or 
kainate receptors and inhibits 
carbonic anhydrase

Psychosis, weight loss, speech 
disturbance, and paraesthesia

Glaucoma and renal stones Potential for serious interaction with 
mTOR inhibitors, requiring regular 
monitoring 

Commonly used add-on 
therapy in glioblastoma-
related epilepsy

Oxcarbazepine Sodium channel blocker and 
glutamate modulator

Hyponatraemia ·· Potential for serious interaction with 
mTOR inhibitors; diminishes the effect 
of tyrosine kinase inhibitors; dose 
increments might be required 
alongside close monitoring

Commonly used add-on 
therapy in glioblastoma-
related epilepsy

Lacosamide Modulates voltage-gated sodium 
channels

Arrhythmias, heart block, 
dizziness, and syncope 

∙∙ ∙∙ Commonly used add-on 
therapy in glioblastoma-
related epilepsy

Perampanel Negative allosteric AMPA-
receptor antagonist

Weight gain and mood 
fluctuation

Suicidal ideation ∙∙ Commonly used add-on 
therapy in glioblastoma-
related epilepsy

Zonisamide A weak carbonic anhydrase 
inhibitor; modulates voltage-
gated sodium channels and 
calcium channels

Weight loss and photosensitivity Glaucoma, rash, and renal 
stones

∙∙ Add-on therapy

Brivaracetam Increases cerebral GABA 
concentrations

Depression and anxiety ∙∙ ∙∙ Add-on therapy

Pregabalin Calcium channel inhibitor Weight gain, peripheral oedema, 
and poor efficacy 

∙∙ ∙∙ Add-on therapy

Eslicarbazepine Modulates voltage-gated sodium 
channels

Hyponatraemia ∙∙ Diminishes the effect of tyrosine kinase 
inhibitors; dose increments might be 
required alongside close monitoring

Add-on therapy

Gabapentin Modulates voltage-dependent 
calcium channels

Weight gain and peripheral 
oedema

∙∙ ∙∙ Add-on therapy 

Epidiolex Anticonvulsant properties of 
unclear cause

Labile mood, psychosis, and 
weight gain

∙∙ ∙∙ Use only if all other options 
exhausted

Carbamazepine Modulates voltage-gated sodium 
channels

Hyponatraemia Stevens-Johnson syndrome, 
bone marrow suppression, 
hepatotoxicity, and rash

Lowers the effects of tyrosine kinase 
inhibitors; dose increments might be 
required alongside close monitoring

Not recommended if 
alternatives are available

Phenobarbital Allosteric modulator of chloride 
channels

Osteopenia, osteoporosis, low 
mood, and haematological 
toxicity

Stevens-Johnson syndrome, 
hepatotoxicity, and aplastic 
anaemia

∙∙ Not recommended if 
alternatives are available

Phenytoin Modulates voltage-gated sodium 
channels 

Impaired glucose control, 
gingival hypertrophy, hirsutism, 
osteopenia, and osteoporosis

Stevens-Johnson syndrome, 
hepatotoxicity, and aplastic 
anaemia

∙∙ Not recommended if 
alternatives are available

Vigabatrin GABA aminotransferase 
inhibition

Retinal toxicity, fatigue, and 
tremor

∙∙ ∙∙ No current evidence in 
glioblastoma-related 
epilepsy

Medications are listed with the medicines that are most commonly used and best tolerated listed first.  

Table: Antiseizure medication options in for people with glioblastoma and epilepsy95
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signalling  was affected by valproate-induced 
methylation changes, with subsequent effects on the 
function of this pathway, reducing the proliferation and 
motility of glioma stem cells.11 Redjal and colleagues98 
linked valproate treatment with improved survival in 
patients with high-grade glioma and glioblastoma in a 
dose-dependent manner. When used in conjunction 
with temozolomide and radiation, prolonged survival in 
people with glioblastoma was also described.12,80 
Valproate has been shown to potentiate carboplatin 
cytotoxicity in vitro and is being considered as an 
adjuvant therapy in diffuse intrinsic pontine glioma.7 A 
promising therapeutic strategy involves the modulation 
of histone deacetylase activity and 2-deoxy-D-glucose 
analogues by utilising inhibitors, such as valproate, 
which can mediate cytotoxic effects in glioblastoma 
cells.48 Currently, no prospective clinical trial data are 
available to show the possible antitumour effects of 
valproate or levetiracetam in patients with glioblastoma. 
A retrospective study found longer overall survival in 
patients treated with levetiracetam alone or with other 
antiseizure medications compared with patients who 
did not receive levetiracetam.12 The effect was most 
notable in patients with the methylated MGMT 
promoter.13 Levetiracetam in conjunction with standard 
chemoradiation possibly improved overall survival of 
patients with IDH-wild-type glioblastoma.90

Antiseizure effects of glioblastoma treatments
Some alkylating agents, alone or in addition to 
radiotherapy, might be helpful in reducing the frequency 
of seizures.99 Temozolomide was reviewed regarding its 
effect on seizures in older patients with glioblastoma 
and was not shown to be efficacious in this regard, 
although this study was underpowered.89

Prognosis 
Clinical factors have been identified that might be 
associated with improved prognosis for people with 
glioblastoma who have had surgery and are receiving 
radiotherapy and adjuvant temzolomide. These factors 
include young age at diagnosis (ie, <65 years), higher 
functional performance, frontal location of the tumour, 
and greater resection margins with complete tumour 
resection.24,100 Seizures as the presenting symptom in 
people with glioblastoma might also predict prolonged 
survival. Findings of a comprehensive meta-analysis 
in 2018 showed that a history of seizures at the initial 
presentation of glioblastoma was significantly associated 
with improved survival compared with people who 
present with no seizure history.24

Although epilepsy in people with glioblastoma 
negatively affects quality of life, it does seem to confer 
overall improved prognosis.2,24,100 No biological basis for 
this effect is clear, although several factors could be 
involved. First, apparent prolonged survival might 
reflect the fact that tumours are often diagnosed earlier 

in people who present with seizures (ie, lead-time bias). 
Second, seizures tend to arise from cortical rather than 
subcortical lesions, which are more readily amenable to 
surgical resection.101 Third, people who present with a 
history of seizures often have smaller tumours with less 
oedema at diagnosis than do those who present with 
other symptoms.102 Finally, seizures are typically 
associated with lesions of less deleterious histological 
subtypes, which are associated with slow tumour 
growth.

Seizures that occur after craniotomy are relatively 
common, with reported incidence rates ranging 
from 3% to 22%.103–107 IDH1 mutations in glioma have 
been associated with an increased risk of developing 
seizures, but postoperative seizure control of IDH1-
positive tumours might be better than that for other 
glioma subtypes.108 The strongest predictors of freedom 
from seizure in unifocal glioma is gross total resection 
of the lesion followed by seizure type and choice of 
antiseizure medication.

Conclusions and future directions
Successful medical management of epilepsy in people 
with glioblastoma remains challenging because 
additional factors—eg, interactions with oncological 
treatments and side-effects of antiseizure medication—
can affect seizure outcomes and quality of life of the 
patient. Clinical trials are urgently needed to better 
understand epilepsy in people with glioblastoma and to 
improve the quality of life for this patient group. Surgical 
management is an option for some people with epilepsy 
related to glioblastoma, which we have not discussed in 
this Review. Personalised oncological treatments 
benefitting both tumour control and seizures might 
represent future targets for primary brain tumours that 
are difficult to resect (eg, if they reside within eloquent 
cortex), and BRAFV600E mutations targeted by kinase 
inhibitors provide one such route.51,60,69,74, The tumour 
microenvironment is another potential therapeutic target 
and is of particular interest in both glioblastoma and 
seizure risk.1,2 Ion channels (eg, KCC2) could be useful 
targets for seizure management in individuals with 

Search strategy and selection criteria

We did a comprehensive free-text search of PubMed, 
Ovid Embase, Cochrane Central Register of Controlled Trials, 
Cochrane Database, and Google Scholar, including peer-
reviewed articles published between approximately 2016 
and 2022, using the terms “brain tumor related epilepsy”, 
“glioblastoma”, and “seizures”, and combination logic 
including AND/OR criteria. No language restrictions were 
applied. We also searched the reference lists of relevant 
articles. Older articles were included as judged necessary by 
the authors. The final reference list was generated on the 
basis of relevance to the topics covered in this Review.
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primary brain tumours. Moreover, microRNAs are 
molecules with high potential for therapeutic 
intervention, closely interacting with mTOR pathways, 
and could be used as biomarkers. Novel immunotherapy 
agents are of great interest. Possible options include 
immune checkpoint modulators, CAR-T cells, and 
dendritic cell vaccines.102,109–111 Advances in novel CAR-T 
cell therapy are promising for patients with 
haematological malignancies and, potentially, those with 
solid tumours of varying causes. However, high-grade 
neurotoxicity with CAR-T cell therapy manifest as 
seizures and requires close monitoring.4,57,58 To 
understand the close integral relation between 
glioblastoma and seizures, future work should provide 
more insights into electrical activity as a driver of tumour 
growth, and the reciprocal relation.
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