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Gliomas are fatal brain tumors, and even low-grade gliomas (LGGs) have an average survival of less than a
decade. Seizures are a common presentation of gliomas, particularly LGGs, and substantially impact quality of
life. Glioma-related seizures differ from other focal epilepsies in their pathogenesis and in the likelihood of
refractory epilepsy. We review factors that predict seizure activity and response to treatment, optimal phar-
macologic and surgical management of glioma-related epilepsy, and the benefit of using newer anti-seizure
medications in patients with gliomas. As surgery is so often beneficial with seizure reduction, we discuss on-

cologic and epilepsy surgery perspectives. Treatment of gliomas has the potential to ameliorate seizures and
increase rates of seizure freedom. Prospective, well-powered studies are needed to provide more definitive
answers for practitioners taking care of glioma patients with seizures.

1. Introduction

Gliomas represent 81% of malignant brain tumors, with lower-grade
gliomas occurring in the third and fourth decades of life [52]. In ad-
dition to treatment of the tumor itself, many patients require manage-
ment of associated neurologic symptoms, including cognitive and be-
havioral changes, fatigue, and seizures. These symptoms can pose
significant challenges to quality of life, especially as newer therapies for
gliomas have extended life expectancies.

Gliomas were previously classified based on the 2007 World Health
Organization Classification of Brain Tumors. They were graded on an
ascending scale of I to IV, based on invasiveness, including advancing
atypia, mitotic activity, necrosis and microvascular proliferation (for
grade IV glioblastoma (GBM)) [10]. They have also been named ac-
cording to the component glial progenitor cells (oligodendroglioma,
astrocytoma). Recently, multiple molecular biomarkers have been
identified that may hold promise for glioma treatment and prog-
nostication, and molecular classification [17,28]. These markers in-
clude isocitrate dehydrogenase (IDH) 1 and 2 mutations, o-tha-
lassemia/mental retardation syndrome X-linked (ATRX) mutation, 1p/
19q co-deletion, and O6-methylguanine-DNA methyltransferase
(MGMT) promoter methylation, all of which have prognostic and pre-
dictive values [46]. For “diffuse” gliomas, beyond grade I, the updated
2016 WHO classification utilizes molecular markers for further
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identification [17].

Glioma-related seizures were first described by Hughlings Jackson
in 1882. Seizures and glioma may share common causative molecular
pathways, and structural changes induced by gliomas may contribute to
epilepsy [22,25,38]. Epilepsy in glioma patients carries significant
morbidity, especially if not controlled [32]. Seizure management is a
greater focus for the treating clinician in low grade gliomas (LGGs),
particularly WHO grade II (grade I tumors are frequently benign
childhood tumors), compared to high grade gliomas (HGGs), or WHO
grades III and IV, given the better prognosis and higher incidence of
seizures in LGGs [18]. In a recent series of several thousand patients
with glioma, lower grades (oligodendroglioma/oligoastrocytoma) most
commonly presented with seizures, with those affected by oligoas-
trocytoma having more pharmacoresistant epilepsy [4].

Here, we review the incidence and molecular etiology of seizures in
glioma, as well as biomarkers and drug and surgical therapies. We also
discuss the prophylactic use of anti-seizure medications and future di-
rections for research.

1.1. Incidence and epileptic zone localization in gliomas
LGGs had an age of presentation in the 30s-40s and a seizure in-

cidence of 70-90% in a series of 140 patients [71], followed by glio-
blastomas (GBMs), which had the oldest median age at presentation
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(60) and lowest seizure incidence (62%) in a series of 291 patients [29].
Seizures are more frequent in secondary GBMs, which progress from
LGGs, as opposed to primary GBMs, which arise de novo [59]. Multi-
focal gliomas are also more likely to be associated with seizures
[40,41]. In a study of 406 patients with HGGs, 31% developed seizures
over their disease course and, of those, the majority (72%) had pro-
gressive disease [31]. Among more aggressive tumors, the tumors with
a slower growth rate and smaller size were associated with higher risk
for seizure in a study of 648 patients with glioma [7].

Gliomas located supratentorially and cortically have a greater risk
of seizures [60]. In a series of MRIs performed on 410 LGG patients, a
voxel-wise correlative analysis revealed that LGGs involving Broca's
area and the inferior left primary motor area conferred a higher risk of
focal seizures with preserved awareness, while those involving the right
temporal-insular region were associated with higher rates of focal sei-
zures with impaired awareness. In addition, seizures involving the left
premotor area were at the highest risk to generalize [76].

Early seizures were also a predictor of seizures later in the disease
course [48]. In a prospective analysis of 56 patients, seizure as a pre-
senting symptom in HGG was associated with longer survival in pa-
tients younger than 60 years. All patients with seizures were alive at an
18-month follow up in comparison to 58.3% of those without seizures
(p = .03) [69].

1.2. Epileptogenesis in gliomas

Seizures in gliomas are caused by cancer-induced dysfunction in the
cortex as well as neurotransmitter disturbances. Rosati et al. [58,59]
found a relationship between seizures and downregulation of glutamine
synthetase [58]. Increased expression of Solute Carrier Family 7
Member 11 (SLC7A11), a gene coding for SXC (a cysteine/glutamate
transporter) in glioma, correlates with increased glutamate levels.
Glutamate excitotoxicity was associated with tumor- associated seizures
and tumor growth, and possibly contributes to decreased survival [57].
Human glioma cells when implanted into immunodeficient mice release
glutamate, mediated by SLC7Al11 and induce seizures that were
blocked by sulfasalazine [5]. In addition, mutant isocitrate dehy-
drogenase 1 (IDH-1), which is an important molecular marker in
glioma, produces 2-hydroxyglutarate (2-HG), which has a structure si-
milar to glutamate. Chen et al. [9,10] retrospectively showed that the
presence of the IDH-1 mutation significantly increased the likelihood of
preoperative seizures in patients with gliomas, and also that 2-HG in-
creased the firing rate of rat cortical neurons, providing a plausible
mechanism for epilepsy [9].

Impaired activity of potassium chloride cotransporter (KCC2),
which affects inhibitory gamma-aminobutyric acid (GABA) related
chloride channels, may also contribute to seizure activity in glioma [6].
Pallud et al. [53] reviewed these mechanisms of seizure generation, as
well as changes in peritumoral neocortex and associated network con-
nections that lead to epileptogenesis [53]. Other factors, such as leu-
cine-rich, glioma-inactivated pathway (LGI-1) and mammalian target of
rapamycin (mTOR), may also be involved [39,84].

Table 1
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1.3. Molecular biomarkers associated with seizures

Our knowledge of clinically relevant molecular biomarkers in
glioma is expanding. IDH-1 mutations, associated with improved
prognosis in glioma and typically found in LGGs, were associated with
an increased incidence of seizures in a sample of 170 glioma patients
[81]. As noted above, there may be a relationship between the product
of mutant IDH-1 and the genesis of seizures. LGGs are associated with
seizures that are more difficult to treat with medication [61,81]. An-
other prospective analysis of 56 patients with HGGs and seizures de-
monstrated a relationship between seizures and IDH-1 mutation and
p53 overexpression [69]. 1, 2-hydroxyglutarate (2-HG), which is si-
milar in form and function to glutamate, and is created by mutant IDH-
1, contributes to seizure pathogenesis [42].

In a retrospective study of 134 patients with seizures and LGG, loss
of heterozygosity (LOH) of chromosome 19q and low Ki-67 expression
correlated with improved postoperative seizure control; LOH of both
chromosomes 1p and 19q is typically correlated with favorable out-
comes in gliomas [83]. Another study showed poor post-operative sei-
zure control in gliomas with increased Ki-67 expression [85].

Furthermore, in a study of 147 patients with post-operative seizures
and HGGs, low MGMT, a DNA repair enzyme, and epidermal growth
factor receptor (EGFR) expression were significantly correlated with
post-operative seizures [80]. However, low MGMT expression in
gliomas has been associated with greater responsiveness to che-
motherapy and radiation and, therefore, with improved survival [51].
Increased EGFR expression promotes tumorigenesis, and therefore more
malignant behavior [79]. Low EGFR expression may be inferred to re-
flect less aggressive behavior with increased propensity for seizures,
given that lower grade gliomas are known to be more frequently as-
sociated with seizures.

Of interest, although a mutation in telomerase reverse transcriptase
gene promoter (TERTp) is associated with more malignant glioma type,
TERTp was correlated with smaller tumors, higher likelihood of pre-
senting with seizure, and prolonged survival in a series of 67 GBM
patients [14]. A summary of molecular associations between gliomas
and seizure risk is in Table 1.

2. Therapies for glioma-related seizures
2.1. Anti-seizure medications

The efficacy of one anti-seizure medication (ASM) over another for
glioma-related seizures is not well documented, but evidence-based
drug choice is encouraged, as in epilepsies from other causes [30].
Avoiding enzyme inducers is a preferred strategy given the concomitant
use of steroids and chemotherapy for treatment of glioma [2,70]. For
example, phenytoin may reduce dexamethasone levels, while valproic
acid may affect coagulation parameters, namely thrombocytopenia,
which can interfere with repeat surgery planning [15,63]. A systematic
review of published studies on glioma-related seizure treatment using
levetiracetam, a preferred agent due to minimal drug-drug interactions,
suggested efficacy and a favorable safety profile [49]. NEOPLASM was

Summary of molecular tumor characteristics reported in review associated with decreased or increased seizures in glioma patients.

Decreased seizures

Increased seizures

Molecular markers

Low Ki-67 expression
LOH 1p/19q

Impaired activity of KCC2 (affecting GABA-related chloride channels)
Increased expression of SLC7A11 (cysteine/glutamate synthetase)
IDH-1 mutations

P53 overexpression

Low expression of MGMT

Low expression of EGFR
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a 6-month retrospective observational study of patients with brain tu-
mors treated with lacosamide, which demonstrated 66% efficacy
with > 50% seizure reduction for patients, although dizziness was a
notable common side effect [74]. Newer agents, such as topiramate,
pregabalin, lacosamide, levetiracetam, and brivaracetam have better
tolerability and fewer drug-drug interactions. In patients with gliomas,
it is advised to begin anti-seizure medication after the first seizure, as
there is a greater risk of recurrence [54]. A systematic review of pub-
lished studies on glioma-related seizure treatment using levetiracetam,
a preferred agent due to minimal drug-drug interactions, suggested
efficacy and a favorable safety profile.

Some studies suggest ASMs may be of some antineoplastic utility.
Brivaracetam and lacosamide have shown an antineoplastic effect on
glioma cells in vitro [56], while valproic acid (a histone deacetylase
inhibitor) may inhibit both glioma-genesis and glioma-associated epi-
lepsy [23]. Valproic acid has also been suggested to prolong survival in
patients with GBM [55], although a pooled analysis of several trials has
suggested that neither levetiracetam nor valproic acid have benefit in
glioma other than as an ASM [20].

Tapering off ASMs is another important question in glioma patients.
Expert opinion suggests weighing the likelihood of seizure recurrence in
LGG for those patients who have achieved long term seizure freedom
[34]. A prospective observational study design to evaluate this further
to help provide clinicians with more specific recommendations has
been proposed [35]. In general, the decision to taper off should be in-
dividualized [21]. Patients should be counseled regarding their risk for
relapse and the risks of recurrent seizures with respect to safety and
driving [21]. In a cohort of patients with epilepsy, recurrent seizures
occurred in 25% and 29% of patients at 1 and 2years after antic-
onvulsant therapy discontinuation, respectively [3]. Relapse tends to
occur shortly after anticonvulsant therapy is completely discontinued
[3]. The greatest chance of discontinuation of treatment without re-
currence of seizure in patients is in those patients with either seizure
freedom of at least 2 years, a single seizure type, normal neurological
examination and IQ, or a normal EEG on treatment [50].

Koekkoek et al. (2017) proposed criteria for tapering ASMs in
glioma patients [37]. These criteria suggest that patients with midline
or occipital anaplastic gliomas or GBM with near total or total resec-
tions and those with long-term seizure freedom without history of
status epilepticus may benefit from ASM taper. Patient-related factors,
including feeling inconvenienced or overmedicated by taking ASMs,
teratogenicity, or concerns about side effects may also influence ta-
pering off ASMs. Therefore, the decision to taper is best made by
transparent discussion with the patient and by weighing risks and
benefits.

2.2. Prophylactic use of anti-seizure medications

Per the 2010 American Academy of Neurology (AAN) practice
guidelines, anticonvulsants should be tapered and discontinued after
the first postoperative week in patients with brain tumors without
seizures, in those patients who are stable, and in those experiencing
side effects from their anticonvulsants [19]. Prophylactic initiation of
ASM is not recommended in patients with newly diagnosed brain tu-
mors, given sparse evidence of efficacy. Despite this, a 2015 survey of
144 tumor neurosurgeons showed that 63% of physicians prescribed
ASMs post-operatively for a variable duration [11]. In 342 surgical
patients with glioma, 88% received anti-seizure prophylaxis and 12%
did not, with no differences between the groups in terms of perio-
perative seizures or need for hospital resources [12].

A 2013 prospective randomized trial of perioperative seizure pro-
phylaxis with phenytoin in patients with brain tumor was stopped due
to the high incidence of adverse effects, as well as the low likelihood
that prophylaxis would help reduce seizure rates [77]. A phase II pro-
spective, randomized trial of 146 patients with brain tumor undergoing
craniotomy showed that levetiracetam was more successful than
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phenytoin in seizure reduction perioperatively, and it was also asso-
ciated with fewer adverse events. However, the results do not imply
that levetiracetam was effective prophylactically [24]. A recent review
of prophylactic anticonvulsants in patients with primary glioblastoma
identified a lack of evidence regarding its utility in general, as well as in
the perioperative period, though there may be individual patient-spe-
cific factors to consider [75].

2.3. Surgical management of glioma-related seizures

The primary goal in glioma surgery is optimizing oncologic out-
come, but improvement in seizure frequency is important, and concepts
of seizure localization have been adapted from epilepsy surgery. Gross
total resection (GTR) is a predictor of seizure freedom in glioma, and
the extent of resection correlates with seizure freedom. A retrospective
analysis of 128 patients with LGG recommended at least 80% resection
to achieve seizure freedom [78]. In 773 patients (adults and children),
preoperative seizure control, generalized seizures (focal aware seizures
were associated with the greatest persistence), and shorter duration of
seizure (< 1year) were predictors of seizure freedom after surgery
[13].

For patients presenting with seizures, invasive EEG monitoring in
the pre-operative setting or electrocorticography (ECoG) in the intra-
operative setting, can elucidate epileptogenic foci and help to guide
resection. This approach can maximize seizure control when subtotal
resection to preserve neurologic function is mandated. Epilepsy surgery
is considered in non-tumoral epilepsy for focal seizures that do not
respond to two or more ASM trials. The principles of epilepsy surgery
rely on identifying ictal onset zone (where the seizure begins) via
clinical, anatomic, and EEG features via an invasive intracranial EEG
evaluation. But the epileptogenic zone, as described by Luders et al.,
typically goes beyond this area, extending into irritative cortex bor-
dering the ictal onset zone [26,43]. It is necessary to more precisely
identify the epileptogenic zone in order to render seizure freedom in
epilepsy, and a theoretical challenge in glioma-related epilepsy is that
this zone may change over time with tumor recurrence. It is sometimes
difficult to define, even with invasive evaluation, how much cortex
must be removed to effect acceptable seizure freedom while sparing
eloquent cortex (this surgery is termed a “tailored resection”).

Good outcomes have been demonstrated in surgical treatment of
seizure-inducing gliomas. Fallah et al. demonstrated 75% Engel Class I
outcome (freedom from disabling seizures) at 2 years in ECoG-guided
resection of pediatric tumors [16]. In temporal lobe lesions, con-
sideration can be given to extra-lesional resection of the mesial tem-
poral structures to assist in seizure control. Invasive EEG monitoring,
ECoG-guided resection, and extra-lesional resection are strategies that
impart minimal additional risk beyond the tumor resection and are a
favorable, patient-centric approach to optimize seizure control. In a
recent series of 108 patients with LGGs divided into two groups, one
with GTR only and one with GTR with ECoG-guided further resection of
epileptogenic areas, tumor location and having performed ECoG cor-
related with seizure freedom [82]. In this group, as in patients with
epilepsy from other causes, patients with temporal lobe tumors (parti-
cularly with epileptogenicity in the anterior temporal lobe) had greater
odds of seizure freedom compared to those with parietal or frontal
seizures.

Technological developments in the field of epilepsy surgery have
increased the number of tools available to treat seizures and glioma
patients. The advent of stereo-encephalography (stereo EEG) in North
America offers a less invasive option for determining seizure onset lo-
cation compared to a traditional grid electrode array. Stereo EEG can
identify whether glioma-adjacent structures represent seizure-onset
foci, even if not clearly invaded by tumor. Laser interstitial therapy
(LITT) offers possibilities of ablating deeper structures that may be
seizure foci but are too difficult to access via open surgery [47]. Finally,
for young patients, who may live up to 20 years with gliomas, surgeons
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may consider responsive neurostimulation (RNS) for seizures ema-
nating from eloquent cortex [27].

2.4. Early post-operative seizures

Early postoperative seizures occur within the first week of surgery
[68]. These seizures are disappointing for patients and families, since
the ultimate goal of surgery is to reduce seizure frequency. Patients and
families may also believe that early postoperative seizures portend poor
prognosis. Early postoperative seizures have been reported in about
25% of patients undergoing epilepsy surgery from any cause, and have
been attributed to many factors, including tumor location, histology,
tumor volume, edema, and complications related to surgery (hemor-
rhage, pneumocephalus) [45,67,68]. Mechanisms that lead to early
postoperative seizures in patients with glioma may include aberrant
levels of GABA and increased levels of glutamate in peritumoral regions
in LGGs; by contrast, in HGGs, they may be more likely to be related to
ischemic/anoxic mechanisms [8,86]. A retrospective review of 65 pa-
tients with frontal lobe origin seizures showed that age at seizure onset,
timing of surgery, adverse operative events, and low ASM levels were
not significantly different between those with and without post-
operative seizures [68].

A retrospective study of 492 patients, 338 of whom had gliomas,
using logistic regression, showed that risk factors for early post-
operative seizures included age, smaller tumor/edema volumes
(<64 cm®), complete resection, diencephalic location, and high-grade
tumors [66]. Again, ASMs were not shown to affect early post-operative
seizures [66]. The higher frequency of early postoperative seizures seen
in diencephalic tumors may be related to greater damage incurred
during the operation because of greater extent of resection required to
reach the tumor when it is located in deep brain structures [66]. These
studies together suggest that early postoperative seizures are unlikely to
increase the risk of glioma-related epilepsy and are not a reason to
initiate or change ASMs.

2.5. Tumor recurrence and seizures

The recurrence or worsening of seizures following an extended
period of seizure control (on or off ASMs) is highly suggestive of pro-
gression or recurrence of tumor [7,73]. This association is highly cor-
related with GBMs and to less of an extent in LGGs [73]. Seizure re-
currence in LGGs after resection may reflect less than gross total
resection (biopsy or subtotal resection). In general, however, the re-
currence of seizures should prompt repeat imaging and re-evaluation of
ASMs.

2.6. Effect of chemotherapy and radiation therapy on seizure control

Temozolomide, the primary chemotherapy for gliomas, may be as-
sociated with a reduction in seizure frequency. A retrospective study of
104 patients with LGG and seizures who received temozolomide
showed a substantive reduction in seizure frequency (> 50% from their
baseline) in approximately 40% of patients with previously un-
controlled seizures [33]. In another retrospective review of 53 patients
with LGG and uncontrolled epilepsy treated with temozolomide, an
association was discovered between seizure reduction after temozolo-
mide and longer progression free survival (PFS) (median PFS
26.0 months vs 14.0 in those patients without seizure reduction;
p = .004) [36]. A retrospective study of 39 patients with LGG treated
with temozolomide compared to 30 patients not treated, in which the
cohorts were matched for relevant clinical parameters, showed an im-
provement in seizure frequency with temozolomide in patients with
oligodendroglioma, astrocytoma and oligoastrocytoma [65].

A 2013 retrospective study of grade II/IIl gliomas demonstrated
significant seizure reduction after radiotherapy with intractable epi-
lepsy, even in patients who did not have tumor reduction on MRI,
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suggesting that there could be an anti-epileptic effect of radiation
therapy [62]. Radiation therapy in glioma has been proposed to be level
III evidence-based recommendation for improvement of epilepsy con-
trol in patients who have undergone subtotal resection. Seizures at
presentation were also considered to be a positive indicator for good
response to radiotherapy [64]. Early radiotherapy in patients with
LGGs, as opposed to radiotherapy after progression, was associated
with better seizure control in the EORTC 22845 randomized controlled
trial, although this finding may be attributed in part to tumor-specific
factors [72].

3. Future research directions

There is a dearth of high-quality prospective evidence on questions
of management, etiology, and prognosis in glioma-related epilepsy.
Critical clinical questions include whether seizure activity or response is
predictable based on tumor characteristics, whether there are sub-po-
pulations of glioma patients who would benefit from receiving ASM
therapy prophylactically, the types of tumor treatments that may also
mitigate epilepsy, the optimal surgical management of LGG-related
epilepsy, and when ASMs can be stopped after seizure freedom is
achieved. Seizure control has been proposed as a metric in LGG trials,
which may help in standardizing the reporting of seizure response in
the literature, leading to the generation of high-quality evidence [1].
Per expert report, this addition has been discussed in the relevant
section of the American Academy of Neurology (AAN) and in the So-
ciety for Neuro-Oncology (SNO). Research in this area is critical, given
the impact of seizures on quality of life for both children and adults
with glioma.

Improvements in precise localization for epilepsy and oncologic
surgery for gliomas may be achieved by incorporating currently ex-
isting tools in epilepsy surgery, as well as new neuroimaging technol-
ogies, including resting-state functional imaging [44]. Well-powered
randomized controlled trials are needed to examine whether there is a
utility in using ASMs for seizure prophylaxis in general, as well as
perioperatively. Possible oncologic benefits from treatment with an-
ticonvulsant therapy should be further investigated to examine whether
these could be considered as adjunctive treatments for glioma. Novel
findings in glioma research, such as discoveries of genetic prognostic
factors, also make this an exciting time for research in epilepsy related
to glioma.
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