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Abstract
Purpose  Brain tumor-related epilepsy (TRE) is often resistant to currently available antiepileptic medications (AEDs). 
Clobazam was initially approved as adjunctive AED for patients with Lennox Gastaut syndrome but has been used in TRE, 
despite limited evidence in this context. This observational study aims to examine the effect of clobazam on seizure frequency 
on patients who have a primary CNS tumor and continued seizures despite their current AEDs.
Methods  A retrospective review of patients with histologically-confirmed primary brain tumors seen in the neuro-oncol-
ogy interdisciplinary clinic from April 2016–2019 was completed, and patients on clobazam were identified. Response to 
clobazam was defined as a greater than 50% reduction in seizure frequency. Additional data including patient and tumor 
characteristics, treatment course, tolerability, AEDs used prior to addition of clobazam, and AEDs concomitantly used with 
clobazam were collected.
Results  A total of 35 patients with TRE on clobazam were identified, with 2 patients unable to tolerate the medication due 
to side effects. Of the 33 remaining patients, a total of 31 (93.9%) of patients were deemed responders. Ten patients (30.3%) 
were seizure free within 6 months of clobazam initiation and 21 (63.6%) reported a significant reduction in seizure frequency. 
This reduction also allowed several patients to modify concurrent AEDs.
Conclusions  Clobazam is an effective agent to use as add-on AED in TRE, with 94% of patients showing a significant 
response within 6 months. Furthermore, the addition of clobazam may yield a reduction in polypharmacy, as concomitant 
AEDs can be reduced and potentially withdrawn.
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Introduction

Epilepsy is common in patients with brain tumors and has a 
major impact on quality of life for patients. About 30–50% 
of patients with primary brain tumors are diagnosed with 
seizures on initial presentation, and 10–30% of patients will 

develop seizures later in the disease course [1–3]. Seizures 
are more common among lower grade and slow-growing 
tumors, in particular in the presence of an IDH mutation 
[4]; whereas they are somewhat less frequently seen in 
higher grade tumors. Postoperative seizure freedom rates 
also vary depending on the type of tumor (70–90% with 

 *	 Jessica W. Templer 
	 jessica.templer@northwestern.edu

	 Nupur Brahmbhatt 
	 nupur.brahmbhatt@northwestern.edu

	 Roger Stupp 
	 roger.stupp@northwestern.edu

	 Omar Bushara 
	 omar.bushara@northwestern.edu

	 Elizabeth Bachman 
	 elizabeth.bachman@nm.org

	 Stephan U. Schuele 
	 s‑schuele@northwestern.edu

1	 Department of Neurology, Northwestern University, 
Chicago, IL, USA

2	 Lou & Jean Malnati Brain Tumor Institute of the Robert 
H. Lurie Comprehensive Cancer Center of Northwestern 
University, Chicago, IL, USA

3	 Feinberg School of Medicine, Northwestern University, 
Chicago, IL, USA

https://orcid.org/0000-0003-1850-8868
http://crossmark.crossref.org/dialog/?doi=10.1007/s11060-020-03664-9&domain=pdf


288	 Journal of Neuro-Oncology (2021) 151:287–293

1 3

glioneuronal tumors, 65–80% with low grade gliomas) [2, 
3]. Post-operative tumor-related epilepsy refractory to two 
or more medications is seen in 15–35% of low grade glioma 
cases and 15% in glioblastoma [3, 5].

Overall, of all tumor types, after standard neuro-onco-
logical interventions (i.e., resection, chemotherapy), an esti-
mated 12–50% do not respond to antiepileptic treatments 
which significantly impacts quality of life for patients with 
tumors [3]. Antiepileptics used in tumoral epilepsy are 
chosen carefully as these can interact with chemotherapy 
agents used for treatment of tumors; however, there is little 
information on the efficacy and tolerability of one AED over 
another in this population [6].

Clobazam is a unique antiepileptic medication that has 
not been formally studied in patients with tumor-related epi-
lepsy. The drug falls under the class of benzodiazepines and 
works by potentiation of GABA-A receptors [7]. Clobazam 
has been marketed in Europe as an anxiolytic and add-on 
antiepileptic drug since the late 1970s. In the United States, 
it was only in 2011 that clobazam received FDA approval 
as an adjunct treatment in Lennox–Gastaut syndrome [8]. 
In practice, it is used as adjunct therapy in medically refrac-
tory focal epilepsy. Limited studies are available, although 
within these limitations, a reported 52–57% of patients with 
refractory epilepsy have been reported to achieve a >50% 
reduction in seizure frequency, and one study reported 19% 
of patients achieving seizure freedom over a 3-month course 
[8]. Clobazam is generally well tolerated with mild seda-
tion, dizziness, and occasional ataxia as rare side effects [9]. 
Here we describe the first large series of patients with tumor-
related epilepsy treated with clobazam as an add-on AED to 
conventional antiepileptic medications.

Methods

This is an observational study designed as a single-center 
retrospective review of brain tumor patients prescribed 
clobazam in a specialized interdisciplinary brain tumor 
outpatient clinic at Northwestern Memorial Hospital. 
Patients were identified based on analysis of electronic 
medical records seen between April of 2016 and April of 
2019. Through the Northwestern University Enterprise Data 
Warehouse database (EDW), all patients with a diagnosis of 
a brain tumor (i.e., malignant neoplasm of the brain, benign 
neoplasm of brain and other parts of central nervous system) 
were identified (n = 1494). Patient records of those patients 
treated with clobazam and followed in the outpatient setting 
for a minimum of 6 months were reviewed (n = 39). Only 
those with primary glial tumors were included in the study 
leaving a total of 35 patients over the age of 18 years old 
taking clobazam in the context of a pathology-confirmed 
glial tumor.

Data including patient demographics, clinical notes, spe-
cific health information relating to seizures (e.g., seizure 
diaries), medical history, laboratory tests, antiepileptic medi-
cation and doses, concomitant medications, brain imaging 
reports, tumor pathology, and genetics were reviewed. Data 
was stored in the Northwestern University Tumor Related 
Epilepsy REDCap database (Grant Number UL1TR001422).

Data was collected from neuro-oncology clinic visits at 
6, 12, 18-, and 24-month intervals. For patients who passed 
away or did not return to clinic prior to the follow-up visit, 
data was abstracted from the last neuro-oncology clinic note 
and the patient was grouped with the nearest appropriate 
interval.

Results

Patient characteristics and tumor characteristics

Between April 2016 and April 2019, a total of 35 patients 
on clobazam whom had previously undergone a biopsy and/
or resection of their brain tumor were identified. Patient 
characteristics are displayed in Table 1. There was a pre-
dominance of males (74.2%) in this cohort. Median age was 
43.5 years (range: 21.8–76.8 years old). All patients had a 
pathologically-confirmed primary brain tumor, the majority 
of whom harbored an IDH mutation. Histologic classifica-
tion was determined using the histological classification of 
brain tumors approved by the World Health Organization 
[10].

All patients had gliomas, including grade II diffuse astro-
cytomas, grade II oligodendrogliomas, anaplastic astrocy-
tomas, anaplastic oligodendrogliomas, and glioblastoma 
(GBM). GBM was the most common tumor type in this 
cohort with 42.9% of patients diagnosed with GBM. 20% 
had anaplastic astrocytomas, 20% with grade II oligodendro-
glioma, 11.4% with grade III anaplastic oligodendroglioma, 
and 5.7% with grade II astrocytomas. The majority of tumors 
were in the frontal lobe (45.7%) followed by temporal lobe 
with the remainder in other locations (Table 1).

The number of patients alive at each interval during fol-
low up was 22, 16, 11, and 7 at 6-, 12-, 18-, and 24-months 
respectively. Mean duration of follow up after the initiation 
of clobazam was 16.0 months.

Tumor molecular genetics

Of the 31 patients with reported IDH status, 87.5% of 
low-grade gliomas had an IDH mutation. Similarly, 90% 
of patients with WHO grade III tumors harbored an IDH 
mutation. Among the 14 GBMs, 14.3% had an IDH muta-
tion (Table 2).
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Treatment at time of addition of clobazam

All of the patients underwent maximal safe tumor resec-
tion prior to starting clobazam. At the start of clobazam, 
the status of oncologic treatment was variable among 
patients. Some were undergoing initial treatment, some were 
undergoing treatment for tumor recurrence, and some had 
no ongoing oncologic treatment at initiation of clobazam 
Among those on initial tumor treatment, seven patients had 
completed the planned course of radiation therapy (RT) and 

were continuing chemotherapy with temozolomide (TMZ) 
at the time of starting clobazam. Eight patients had com-
pleted the planned course of RT and TMZ. Three patients 
were stable from an oncologic perspective, post TMZ or post 
RT, or were stable not having started RT or TMZ. Fourteen 
patients were being treated for tumor reoccurrence, under-
going repeat TMZ or on varying chemotherapy regimens 
(Table 3).

Table 1   Patient Characteristics
All patients (n = 33).

MGMT O6-methylguanine-DNA methyl-transferase gene, IDH isoci-
trate dehydrogenase

Age
Mean 43.9
SD 15.0
Median 43.5
Range 21.8–76.8

Sex n %
Male 26 74.3
Female 9 25.7
Ethnicity
Non-Hispanic Caucasian 33 94.3
Unknown 2 5.7
Tumor type
Grade II diffuse astrocytoma 2 5.7
Grade II oligodendroglioma 7 20
Grade III anaplastic astrocytoma 7 20
grade III anaplastic oligodendroglioma 4 11.4
Grade IV glioblastoma multiforme 15 42.9
Tumor location
Frontal 16 45.7
Frontoparietal 1 2.9
Frontotemporal 2 5.7
Fronto-temporal-insular 1 2.9
Temporal 5 14.3
Temporoparietal 3 8.6
Parietal 3 8.6
Parietal-Deep Structure 1 2.9
Insular 1 2.9
Fronto-temporo-parietal and deep structures 1 2.9
Deep structures 1 2.9
MGMT status
MGMT methylated 17 48.6
MGMT unmethylated 10 28.6
Not reported/missing 8 22.9
IDH1 status
IDH1 wild-type 17 48.6
IDH1 mutated 15 42.9
Not reported/missing 3 8.6

Table 2   Seizure Frequency Status at 6  Months Relative to Tumor 
Type
All patients (n = 33).

IDH isocitrate dehydrogenase

Tumor type n 50% 
reduc-
tion

Seizure free

Grade II diffuse astrocytoma 1 0 1
IDH wild type 1 0 1
IDH mutated 0 0 0
Grade II oligodendroglioma 7 6 1
IDH wild type 1 1 0
IDH mutated 5 5 0
IDH not reported 1 0 1
Grade III anaplastic astrocytoma 7 5 0
IDH wild type 1 0 0
IDH mutated 6 5 0
Grade III anaplastic oligodendroglioma 4 3 1
IDH mutated 3 2 0
IDH not reported 1 1 1
Grade IV glioblastoma multiforme 14 7 7
IDH wild type 12 6 6
IDH mutated 2 1 1

Table 3   Seizure Frequency Status at 6  Months Relative to Tumor 
Treatment Status
All patients (n = 33).

TMZ temozolomide, s/p status post, RT radiation therapy

Treatment status n 50% reduction seizure free

No Treatment
New 1 0 1
Active Initial Treatment
Initial TMZ (s/p RT) 7 6 1
Post-Initial Treatment
s/p RT and TMX 8 5 3
s/p RT 1 0 0
s/p TMZ 2 1 1
Treatment for Recurrence
Repeat TMZ 2 1 1
Chemotherapy 12 8 3
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Efficacy of clobazam and seizure frequency

Seizure frequency was reported at the start of clobazam 
and then at subsequent neuro-oncology visits in intervals of 
6, 12, 18, and 24 months. Categories of seizure frequency 
status were based on the 30–60 days prior to the last neuro-
oncology clinic note, epilepsy clinic note, or inpatient note. 
The following categories were utilized: status epilepticus, 
one or more seizures daily, 2–6 seizures per week, 1–2 sei-
zures per week, 2–3 seizures per month, 1 seizure per month, 
less than 1 seizure per month, and no seizures (Fig. 1). The 
majority of patients started on clobazam were seen by an 
epileptologist at some point during their clinical course 
(29/35).

Of 35 patients, 28 (80%) started clobazam due to refrac-
tory seizures, and seven (20%) started clobazam due to 
experiencing side effects of other AEDs. Two of thirty-five 
patients were unable to tolerate clobazam due to lethargy 
and increased somnolence. One of these two patients did 
report seizure freedom on clobazam.

Ten of thirty-three (30.3%) patients were seizure free 
within 6 months after addition of clobazam. Of the remain-
ing 23 patients, 21 (63.6%) reported a greater than 50% 
reduction in seizure frequency (Fig. 1). Two patients con-
tinued to have at least 2 seizures per week despite the use of 
clobazam. In these two patients, progression of the tumor 
and other medical comorbidities, respectively could, in 
part, have contributed to their continued seizures. The mean 

effective daily dose of clobazam was 20.4 mg. The median 
daily effective dose was 20 ± 30 mg. The mean duration 
of follow up after addition of clobazam was 11.7 months. 
Median duration of follow up was 5.5 ± 59 months.

As seen in Fig. 1, at start of addition of clobazam, a 
majority (30.3%) of these patients reported 2–3 seizures/
month, 18.2% reported having 1–2 seizures/week, 15.2% 
reported multiple seizures a day, 15.2% reported 2–6 sei-
zures/week, 15.2% reported less than one seizure per month, 
and the rest were in status, alluding to the fact that these 
patients had refractory tumoral epilepsy (Fig. 1).

At 6-month follow up or earlier if the patients died, 14 
patients reported less than one seizure/month, 10 patients 
reported seizure freedom, and 7 patients reported 2–3 sei-
zures/month. One patient had 2–6 seizures/week, and one 
patient reported episodes of status epilepticus (Fig. 1).

At 12 months, 17 patients had died. However, of those 
alive and on clobazam (n = 16), at 12 months, six were sei-
zure free, six reported seizure frequency of less than one per 
month, and three had 2–3 seizures/month. Only one patient 
reported seizures one to two times per week. At 18 months, 
11 patients in this cohort were alive. Of these, four were sei-
zure free, four reported seizure frequency of less than once 
per month, and three had 2–3 seizures/month. No patients 
reported daily or weekly seizures. At 2 year follow up, out of 
seven patients alive, four were seizure free, and three (n = 3) 
reported seizure frequency of less than one a month (Fig. 1). 
Thus, a significant reduction in seizure frequency in TRE 

Fig. 1   Seizure Frequency at Initation of Clobazam and at Follow Up Visits
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was seen at these follow up intervals. The most common side 
effect reported in patients that discontinued clobazam was 
increased sedation; however, these side effects were seen in 
the immediate setting when clobazam was first started. In 
addition, sedation was reported in the setting of admission 
for status epileptics with concomitant antiepileptics used or 
in the setting of concurrent tumor progression with use of 
chemotherapy and RT.

Seizure response in relation to anti‑tumor 
treatment and clobazam

At the start of clobazam, 21 patients were undergoing ongo-
ing anti-tumor therapy including initial course of TMZ, 
repeat TMZ, lomustine (CCNU), procarbazine or investi-
gational treatment within a clinical trial (Table 3). Fifteen 
of these patients had at least a 50% reduction in seizure 
frequency within 6 months, although were not completely 
seizure free. Of note, 5 patients became seizure free within 
7 days after starting clobazam. For comparison, 12 patients 
were not on tumor-treatment at the time of start of clobazam. 
Of those, 6 patients had at least a 50% reduction in seizure 
frequency within 6 months. Five patients not on anti-tumor 
therapy were seizure free after starting clobazam, amount-
ing to 91.7% of patient responders among those patients not 
receiving ongoing tumor treatment.

Clobazam and other antiepileptics

The most common concomitant antiepileptics used in this 
cohort of patients prior to addition of clobazam for refrac-
tory seizures in this cohort were levetiracetam (n = 20) and 
lacosamide (n = 16). A number of patients were able to wean 
concurrent antiepileptics after addition of clobazam given 
improved seizure frequency as seen per last available clinic 
note. Prior to addition of clobazam, 2 patients were on one 
antiepileptic (AED), 21 were on two AEDs, 8 were on three 
AEDs, 2 on four AEDs. After the addition of clobazam, the 
antiepileptic medications in addition to clobazam at the last 
neuro-oncologic clinic visit were documented. Of these, 11 
patients were on one AED in addition to clobazam, 19 were 
on two AEDs in addition to clobazam, and 2 were on three 
AEDs in addition to clobazam.

Discussion

Management of brain tumor related epilepsy is complex and 
in the absence of prospective clinical trial highly individu-
alized and dependent on the prescribing physicians expe-
rience and preference. Antiepileptic medications must be 
carefully chosen to avoid significant interactions with chem-
otherapy agents. In particular, older drugs like phenytoin, 

carbamazepine, and derivatives lead to strong induction 
of metabolic hepatic enzymes that subsequently increases 
metabolism and excretion of many chemotherapy agents. 
Antiepileptics must also have a good side effect profile for 
adequate tolerability given the myriad of side effects of 
chemotherapy, radiation therapy, and tumor resections [11]. 
There are no standard guidelines on the choice of agents 
used in TRE and which agent should be considered first-, 
second-, third- or fourth-line agents. Furthermore, given the 
refractory nature of TRE in the literature published with 
other antiepileptic agents, the investigation to identify more 
effective agents is warranted.

As clobazam is used and has been found to be effective in 
non-tumor refractory epilepsy, the epileptologist within the 
Northwestern Brain Tumor Institute (JT) had initially noted 
effectiveness in the patients with TRE refractory to other 
antiepileptic medications. Based on this observation, while 
not previously formally investigated until this study, the 
medication was increasingly used by neuro-oncologists and 
critical care neurologist in this population at our institution.

In our study, clobazam was shown to be an effective agent 
as an add-on therapy in this population with a total of 94% 
(31/33) of patients responding within 6 months, with either 
complete seizure freedom (10/31, 30.3%) or a > 50% reduc-
tion in seizure frequency (21/33, 63.6%). A total responder 
rate of 94% was noted in this study. This response was seen 
regardless of age, gender, or tumor characteristics. In addi-
tion, this response was also seen independent of the timing 
in their treatment course. The status of tumor, progression 
versus stability, was also variable in this cohort of patients 
(Tables 2 and 3).

Some studies have shown evidence for antiepileptics 
considered effective in TRE. However, there is no data on 
the efficacy of clobazam as an effective agent in TRE even 
though it is often used in these cohort of patients. This is 
the first retrospective cohort study studying the efficacy of 
clobazam in TRE [9].

Several agents considered safe to use in tumoral epi-
lepsy include levetiracetam, lacosamide, lamotrigine, 
clonazepam, lorazepam, diazepam, clobazam, zonisamide, 
gabapentin, topiramate, and pregabalin. However, none 
of these medications have reported the same propor-
tion of responder rates in this population. Lacosamide is 
considered an effective drug as add-on therapy in TRE 
and has shown a reduction in seizure frequency of >50% 
in 35.7% of patients and seizure freedom in 42.9% of 
patients as published by Maschio et al. [12, 13]. Topira-
mate has also been studied and shown seizure freedom 
in 55.6% of patients and greater than 50% reduction of 
seizure frequency in 20% of patients when used as a first 
line agent in TRE with a total responder rate of 75.6% 
[14]. Levetiracetam as monotherapy as well as an add-on 
agent in TRE has shown seizure freedom in 47.3% and 
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greater than 50% reduction in seizure frequency in 26% 
of patients [15]. Novy et al. similarly published results of 
pregabalin as monotherapy and as an add-on showing sei-
zure freedom in 66.7% of patients and > 50% reduction in 
frequency in 33.3% of patients; however, the total sample 
size was small, only 9 patients [16]. Zonisamide has been 
associated with a responder rate of 53.8% [17]. Clobazam 
as add-on therapy has shown to be effective in 43% of 
patients with epilepsy; however, it has not been studied in 
the context of TRE [7].

The mean effective daily dose of clobazam in this cohort 
of patients was 20.4 mg. Concomitant antiepileptics were 
used in these cohort of patients prior to addition of clobazam 
due to refractory nature of TRE. Often, clobazam replaced 
an AED and in some cases, the total number of AEDs could 
be reduced. Patients who were started on clobazam who 
were also on multiple antiepileptics prior to the start of 
clobazam were often able to reduce the burden of multiple 
antiepileptics to some extent in addition to having significant 
reduction in seizure frequency.

What could explain the responsiveness of patients with 
AED resistant TRE to clobazam? The pathogenesis of 
tumoral epilepsy is not well understood; however, several 
changes in the peritumoral tissue contribute to seizure activ-
ity like neurotransmitter changes, including upregulation 
of glutamate receptors and downregulation of GABA-A 
receptors, ion concentration, pH, and oxygen levels [1]. One 
potential benefit of clobazam is due to its prolonged effect 
on the GABA receptors, owing to its long elimination half-
life, offering the added advantage of continuous suppression.

While there are no definitive molecular markers that have 
been inextricably linked to seizures in the context of glio-
mas, there is a clear relationship between the presence of 
IDH 1/2 (isocitrate dehydrogenase) mutations and seizures 
that is currently being investigated in this population [4, 18]. 
Both IDH1 and IDH2 mutations result in an accumulation of 
2-hydroxyglutarate (2HG), which has a similar structure to 
glutamate, an excitatory neurotransmitter. This mutation is 
noted in 70–80% of patients with WHO grade II gliomas and 
secondary glioblastomas and is rare in primary glioblasto-
mas (3–21%) [19, 20]. Beyond just the presence of the muta-
tion, increased expression of the mutation has been present 
in patients with epilepsy compared to those without epilepsy 
in the context of tumors with an IDH1 mutation [19, 20].

TRE, when adequately managed, can have a significant 
effect on the quality of life of patients [1]. Medical man-
agement of brain tumors with aggressive chemotherapy, 
radiation, and surgery along with the psychologic stress of 
carrying a grave diagnosis often takes a significant toll on 
the quality of life of these patients. Tumoral epilepsy can 
not only add to this distress, but also significantly affects 
the quality of life of these patients. However, if adequately 
managed, tumoral epilepsy can significantly reduce the 

morbidity associated with BT and help improve the quality 
of life of these patients.

The small sample size and data from only one institution 
is a limitation of our study and does not allow data readily to 
be generalized. Furthermore, given the inherent challenges 
with studying patients with brain tumors, the heterogeneous 
nature of the disease and variable locations and treatments, 
response to an AED does not occur in isolation and other 
factors may have played a role in leading to improved seizure 
control. This is a retrospective study, patients were seen by 
different providers, and the seizure assessment and AED 
management was not standardized. Despite these limitations, 
clobazam appears to be an effective and well-tolerated medi-
cation in this population.

Conclusion

This study supports the use of clobazam in patients with 
TRE. In the cohort of patients studied, clobazam was effec-
tive at reduction of seizure frequency with a responder rate 
of 93.9%. Addition of clobazam not only allowed improved 
seizure frequency significantly, it also helped reduce the bur-
den of multiple AED combinations used for seizure control 
in this population. It allowed to simplify treatment regimens 
in a patient population that often has to take numerous other 
medications as cancer treatment or for co-morbidities. Fur-
ther studies should include a prospective study with the use 
of clobazam as a first-line agent as well as a comparative 
studies between clobazam and other AEDs as adjunct ther-
apy in this population.
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