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Abstract
Objectives
To evaluate the effectiveness and tolerability of clobazam as an
adjunctive treatment for adults with drug-resistant epilepsy.

Methods
We performed a single-center, retrospective chart review of patients
aged ≥18 years with drug-resistant epilepsy who started clobazam
between 2010 and 2018. Included patients had outpatient visits
both before and ≥1 month after clobazam initiation. Epilepsy
classification, seizure frequency before and after clobazam, duration
of clobazam treatment, and adverse effects were analyzed.

Results
A total of 417 patientsmet the inclusion criteria.Mean agewas 37.5 years, and 54%of patients were
female. Patients were on a mean of 2.4 antiepileptic drugs at the time of initiation of clobazam.
Epilepsy types were focal (56.8%), Lennox-Gastaut syndrome (LGS) (21.1%), generalized
(15.1%), and unclassified (7.0%). At the first follow-up visit ≥1 month after clobazam initiation,
50.3% of patients had >50% reduction in seizure frequency, and 20.5% were seizure free. Of the
initial cohort, 17.1% were followed >1 year and were seizure free at last follow-up. Response rates
did not differ between different epilepsy classifications. Fifty-one percent of patients experienced
≥1 side effect, most commonly lethargy/fatigue (30.7%) or mood changes (10.8%). A total of 178
(42.6%) patients discontinued clobazam, most commonly due to adverse effects (55%).

Conclusions
Clobazam is effective and safe as a long-term adjunctive therapy for adults with drug-resistant
epilepsy; efficacy in off-label use is similar to that in LGS.

Classification of Evidence
This study provides Class IV evidence that clobazam is an effective treatment for adults with
drug-resistant epilepsy, independent of epilepsy classification.

Approximately one-third of patients with epilepsy have refractory disease, defined as continued
seizures after trials of 2 antiepileptic drugs (AEDs) at therapeutic doses.1,2 Unfortunately, only 4%
of patients with refractory epilepsy can expect seizure freedom with an additional AED.1 Clo-
bazam, a long-acting benzodiazepine, is a medication that may prove to be both efficacious and
tolerable in this treatment-resistant group. Clobazam has prolonged activity due to its active
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metabolite, N-desmethylclobazam, and, unlike typical 1,4-
benzodiazepines, is a 1,5-benzodiazepine conferring increased
specificity for the GABAA receptors with a2 rather than a1
subunits.3,4 As the a1 receptor is largely responsible for sedating
effects of benzodiazepines, clobazam is therefore less sedating;
this increased specificity has also been proposed to contribute
to the lesser degree of tolerance seen with clobazam than with
other benzodiazepines.5,6 Clobazam was approved by the
United States Food and Drug Administration (FDA) in 2011
for treatment of Lennox-Gastaut syndrome (LGS).7 Since that
time, there has been increasing off-label use of clobazam in
adults with refractory epilepsy and anecdotal evidence that it
may be more effective than other AEDs. Small studies per-
formed outside of the United States have collected preliminary
data that clobazam could be promising as adjunctive therapy.8,9

We report the results of a retrospective chart review at a
single US academic epilepsy center characterizing the efficacy
and tolerability of clobazam as an adjunctive agent for adults
with drug-refractory epilepsy.

Methods
Patients
We conducted a single-center retrospective cohort study, which
was approved by the Institutional Review Board of the University
of Pennsylvania. Using Penn Data Store, the electronic medical
records for all patients with outpatient visits at the Penn Epilepsy
Center were queried for the presence of clobazam or Onfi in the
medicationhistoryor activemedication list. Inclusion criteriawere
a diagnosis of epilepsy of any type, age 18 years or older, at least 1
prescription for clobazam between January 1, 2010, and February
28, 2018, and at least 1 follow-up visit ≥1 month after clobazam
initiation. Follow-up information was gathered through May 1,
2019. Patients were excluded if information in the clinical records
was incomplete, if clobazam was not initiated despite being
prescribed, if clobazamwas initiated before establishing care at the
Penn Epilepsy Center or before the study period, if the subject
was not on standard daily dosing, if the subject underwent cu-
rative surgery, or if the subject had not yet had a follow-up visit
after initiation of clobazam.

Patient charts were reviewed systematically for demographic
and clinical data including age, sex, age at epilepsy onset, age
at clobazam initiation, epilepsy etiology, seizure semiology,
and seizure frequency as well as AED regimen, history of
device implantation or surgical intervention, clobazam titra-
tion schedule, highest total daily dose, start date and length of
use, reason for discontinuation, and treatment emergent
adverse effects. Seizures were classified by mechanism of
onset per International League Against Epilepsy guidelines.

All seizure types were included in the analyses. Study data
were collected and managed using REDCap (Research
Electronic Data Capture) tools hosted at the University of
Pennsylvania.10

Standard Protocol Approvals, Registrations,
and Patient Consents
This study was performed under a protocol approved by the
University of Pennsylvania Internal Review Board (protocol
number 827513).

Definitions
Clobazam start date was defined as the date of the first clobazam
prescription with doses defined in mg/d. The clobazam dose for
each patient was defined as the highest daily dose recordedwithin
theobservationperiod.Clobazamstopdatewasdefinedas theday
the patient or caregiver was given a weaning schedule for drug
discontinuation; this could have been done in person at an ap-
pointment or via telephone or online messaging contact with a
provider. Reasons for discontinuation (efficacy, tolerability, or
both) were based on notations in the electronic medical record.
Observations were censored onMay 1, 2019. Follow-up timewas
time from initiation of clobazam to either clobazam stop date or
censor date. Baseline seizure frequency was collected from the
office visit note on the day the patient initiated clobazam or the
prior office visit closest to that date if clobazam was not first
prescribed at an office visit. For the first follow-up visit at least 1
month after starting clobazam time point, patients were classified
as seizure free if they had not seized since starting clobazam. For
the final documented appointment at least 1 year after starting
clobazam time point, patients were classified as seizure free if
average seizure frequency was reported as <1 per year. Change in
seizure frequency for between time points was calculated for
duration of treatment. Tolerance was defined as either a shift to a
higher category of seizure frequency (i.e., monthly to weekly)
while on a stable clobazam dose or a 40% increase in clobazam
dose to maintain the same seizure frequency after an initial re-
duction in seizure frequency on starting clobazam.

Statistical Analyses
The statistical analyses in this study were performed in Excel
and R. Baseline and demographic statistics were summarized
using descriptive statistics. Student t tests and Pearson χ2

tests were performed to compare groups. The Wilcoxon
rank-sum test was performed to assess seizure frequency at
the final follow-up visit compared with baseline for all pa-
tients still on clobazam.

Data Availability
Deidentified data not published within this article are available
and will be shared on request from any qualified investigator.

Results
Characteristics of the Cohort
With the initial query of the electronic medical record, 659
patients were identifiedwho had clobazam listed as a previous
or current medication. A total of 242 patients were excluded;
89 were prescribed clobazam before establishment of care at
the Penn Epilepsy Center, 26 were not followed by the Penn
Epilepsy Center, 32 never filled the clobazam prescription, 94
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did not have or had not yet had follow-up after starting clo-
bazam, 6 were on clobazam since before age 18 years, 4 were
not on a standard daily clobazam dosing (e.g., catamenial
dosing), 4 had curative surgery, and 5 had incomplete in-
formation in the electronic medical record.

After the initial exclusion criteria were applied, there were 417
patients in the cohort whose characteristics are summarized in
table 1. In addition, there were 25 patients who did not have
clearly documented baseline seizure frequencies and were thus
excluded from seizure frequency reporting but included in re-
tention data. Three patients had unknown clobazam start and/or
stop dates and were excluded from retention data but included in
seizure frequency reporting. The initial cohort included 192
males and 225 females. Age at epilepsy onset was primarily in

childhood, defined as less than 18 years (62.1%). Median age at
clobazam initiation was 35 years (range 18–83 years).

Epilepsy types were focal onset (56.8%), LGS (21.1%),
generalized onset (15.1%), and unclassified (7.0%). Patients
with LGS were on a higher number of AEDs at the time of
clobazam initiation (2.7 vs 2.3, difference = 0.4, 95% confi-
dence interval [CI] 0.2–0.7). They were also more likely to
have childhood onset of epilepsy (OR 3.4, 95% CI 1.9–6.6)
and were started on clobazam at a younger age (32.8 vs 38.7,
difference = 5.9, 95% CI 3.4–8.5). Patients with generalized
epilepsy were more likely to have childhood onset of epi-
lepsy (OR 2.7, 95% CI 1.4–5.5) and were on a fewer number
of AEDs at the time of clobazam initiation (2.0 vs 2.4, dif-
ference 0.4, 95% CI 0.2–0.7) (table 1).

Table 1 Baseline Demographic Information of the Cohort

Total LGS LRE/focal epilepsy PGE/generalized epilepsy Unclassified

No. of patients, n (%) 417 (100) 88 (21.1) 237 (56.8) 63 (15.1) 29 (7.0)

Age when clobazam was started, n (SD) 37.5 (13.5) 32.8 (9.7) 41.2 (14.6)a 32.1 (10.3) 32.8 (11.4)

Sex, n (%)

Male 192 (46) 50 (56.8) 104 (43.9) 20 (31.7) 18 (62.1)

Female 225 (54) 38 (43.2) 133 (56.1) 43 (68.3) 11 (37.9)

Race, n (%)

White 285 (68.3) 52 (59.1) 166 (70) 43 (68.3) 24 (82.8)

Black 91 (21.8) 23 (26.1) 52 (21.9) 13 (20.6) 3 (10.3)

Other 41 (9.8) 13 (14.8) 19 (8) 7 (11.1) 2 (6.9)

Insurance type, n (%)

Private 170 (40.8) 23 (26.1) 111 (46.8) 29 (46) 7 (24.1)

Medicare/Medicaid 242 (58) 65 (73.9)a 121 (51.1) 34 (54) 22 (75.9)

Self-pay 3 (0.7) 0 (0) 3 (1.3) 0 (0) 0 (0)

Unknown 2 (0.5) 0 (0) 2 (0.8) 0 (0) 0 (0)

Age of epilepsy onset, n (%)

Childhood 259 (62.1) 72 (81.8)a 115 (48.5) 50 (79.4)a 22 (75.9)

Adult 109 (26.1) 4 (4.5) 93 (39.2) 7 (11.1) 5 (17.2)

Unknown 49 (11.8) 12 (13.6) 29 (12.2) 6 (9.5) 6 (9.5)

No. of active seizure medications at time
clobazam was started, mean (SD)

2.4 (0.9) 2.7 (0.9)a 2.3 (0.8)b 2.0 (1.0) 2.6 (0.9)

Prior surgery, n (%)

History of prior resection/ablation 40 (9.6) 6 (6.8) 32 (13.5)a 1 (1.6) 1 (3.4)

History of prior VNS 83 (19.9) 20 (22.7) 49 (20.7) 9 (14.3) 5 (17.2)

History of prior RNS 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Abbreviations: LGS = Lennox-Gastaut syndrome; LRE = localization-related epilepsy; PGE = primary generalized epilepsy; RNS = NeuroPace responsive
neurostimulator system; VNS = vagal nerve stimulator.
a p Value < 0.01 (not adjusted for multiple hypothesis testing).
b p Value < 0.05.
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Themedian clobazamdose after the initial titration periodwas 20
mg/d (mean 20.9 mg/d, SD = 13.7 mg/d, range 2.5–70 mg/d).
Patients were taking a median of 2 other AEDs at the time of
clobazam initiation (range 0–4). The median clobazam dose for
patients who remained on the drug for at least 1 year was 30mg/
d (mean = 26.4 mg/d, SD = 14.3 mg/d, range 5–60 mg/d)
Clobazam serum levels were not routinely assessed. Other
baseline characteristics were similar between groups (table 1).

Baseline seizure frequency was collected for the entire cohort and
separated by seizure type as outlined in table 2. Patients with LGS
experienced the most severe seizure burden and were more likely
to have frequency greater than once-daily seizures (OR 2.0, 95%
CI 1.1–3.3) or once weekly (OR 2.1, 95% CI 1.2–3.7). Patients
with primary generalized epilepsy (PGE) were less likely to have
frequency greater than once weekly (OR 0.42, 95% CI
0.23–0.74) or once monthly (OR 0.39, 95% CI 0.19–0.81).

Clobazam Efficacy
For the patients included in the seizure frequency arm of the study,
20.5% (95% CI 16.4%–25.3%, number needed to treat [NNT] =
5) reported seizure freedom at the first follow-up visit at least 1
month after starting clobazam. An additional 30.2% (95% CI
25.4%–35.4%, NNT = 3.3) experienced >50% reduction in their
seizure frequency at this time point. At the final documented
appointment in the study period, at least 1 year after starting
clobazam, 178 patients (42.6%) remained on clobazam. Of the
initial group (n = 417), 67 (19.6%, 95%CI 15.6%–24.4%, NNT =
5.1) were seizure free at the final available follow-up visit docu-
mented during the study period. Of the 70 patients who were
seizure free at 1 month follow-up, 34 patients (49%, 95% CI
36.6%–60.7%) remained seizure free at 1-year follow-up.

The median follow-up time was 2.1 years (interquartile range
1.1–4 years). The seizure frequency at the final follow-up visit was
lower than it had been at baseline for all patients still on clobazam
(W = 13,942, difference = 1.4 bins, 95% CI 1.2–1.6, Wilcoxon
rank-sum test using frequency bins). These results held true for all
subgroups including focal epilepsy (W = 4498, difference = 1.4
bins, 95%CI 1.2–1.7), PGE (W= 288, difference = 1.4 bins, 95%

CI 0.8–1.9), and LGS (W = 659, difference = 1.5 bins, 95% CI
1.0–2.0) (figure 1). A subgroup analysis by epilepsy subgroup
showed no statistically significant difference between epilepsy
subgroups in clinical response to clobazam (tables 2 and 3).

Clobazam Tolerance
At the initial 1-month follow-up, 173 patients had experienced
either a greater than 50% reduction in seizure frequency or ach-
ieved seizure freedom. Of these 173 patients, 20 patients (11.6%,
95% CI 7.4%–17.5%) required dose increase of greater than 40%
to maintain their initial response to clobazam, and 16 patients
(9.2%, 95% CI 5.5%–14.8%) experienced worsening seizure fre-
quency. For those 34 patients who were seizure free at both 1-
month and 1-year follow-up, 25 (73.5%, 95% CI 55.3%–86.5%)
remained on the same or lower clobazamdose, and 9 (26.5%, 95%
CI 13.5%–44.7%) required dose increase of greater than 40% to
maintain seizure freedom. Of the 9 patients whose clobazam dose
was increased, 7 patients were noted to have a dose increase of 5
mg. The median clobazam dose after the initial titration period at
1-month and1-year follow-upwas 10mg/d (mean 16.8mg/d, SD
= 10.7 mg/d, range 5–40mg/d) and 15mg/d (mean 19.3 mg/d,
SD = 11.2 mg/d, range 10–45 mg/d), respectively. Of the 70
patients who were seizure free at 1-month follow-up, 12 patients
(17.1%) experienced recurrence of seizures, and 22 patients
(31.4%) transitioned care or were lost to follow-up.

Clobazam Tolerability
Of the entire cohort of patients, 213 (51%) experienced at
least 1 treatment-related adverse effect. The most common
were lethargy and fatigue in 128 (30.7%), mood and behav-
ioral changes in 45 (10.8%), dizziness and imbalance in 28
(6.7%), drooling in 9 (2.2%), and cognitive difficulties in 7
(e.g., memory and problem solving) (1.7%).

The probability of remaining on clobazam was 69.3% at 12
months. A total of 178 (42.7%) patients in the cohort
discontinued clobazam during the study period. The most
commonly cited reasons for discontinuation were
treatment-related adverse effects (55%), poor efficacy
(15%), and a combination of adverse effects and poor

Table 2 Seizure Frequency by Epilepsy Type, n (% of Epilepsy Typea)

Seizure frequency

Baseline At final available follow-up (≥1 y after clobazam initiation)

Total LGS
LRE/focal
onset

PGE/generalized
onset Unc. Total LGS

LRE/focal
onset

PGE/generalized
onset Unc.

<1 per y 4 (1) 1 (1) 3 (1) 0 (0) 0 (0) 67 (38) 12 (31) 42 (40) 12 (48) 1 (10)

≥1 per y to <1 per mo 49 (13) 7 (8) 22 (10) 15 (25) 5 (20) 41 (23) 10 (26) 21 (20) 6 (24) 4 (40)

≥1 permo to <1 per wk 109 (28) 15 (18) 67 (30) 21 (35) 6 (24) 35 (20) 6 (15) 22 (21) 4 (16) 3 (30)

≥1 per wk to <1 per d 141 (36) 31 (37) 88 (40) 14 (23) 8 (32) 23 (13) 8 (21) 12 (12) 2 (8) 1 (10)

≥1 per d 89 (23) 30 (36) 43 (19) 10 (17) 24) 12 (7) 3 (8) 7 (7) 1 (4) 1 (10)

Abbreviations: LGS = Lennox-Gastaut Syndrome; LRE = localization related epilepsy; PGE = primary generalized epilepsy; Unc. = unclassified.
a May sum to >100% due to rounding.
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efficacy (21%). A majority of patients who discontinued
clobazam did so soon after medication initiation. Of the
group who discontinued clobazam, 53 (29.8%) dis-
continued in the first month after starting clobazam, and an
additional 44 (24.7%) discontinued in the following 5
months (figure 2).

Discussion
The key observations from this open-label retrospective
study are as follows: (1) an estimated 50.3% of adult pa-
tients with drug-refractory epilepsy experienced a ≥50%
reduction in seizure frequency after adjunctive initiation of
clobazam; (2) an estimated 17.1% achieved long-term
seizure freedom; (3) there was no statistically signifi-
cant difference in clobazam efficacy between focal-onset

epilepsy, generalized-onset epilepsy, and LGS; and (4)
clobazam was well tolerated with lethargy and fatigue and
mood changes cited as the most common treatment-
related adverse effects.

The efficacy and safety of clobazam as adjunctive therapy has
previously been shown in patients aged 2–60 years with LGS.
Clobazam was effective in reducing mean weekly drop seizure
rates in these patients in a dose-dependent manner.7 It was ap-
proved by the FDA in 2011 in tablet and oral suspension form
and in 2018 in oral film form for the adjunctive treatment of
seizures associated with LGS in patients aged 2 years or older.11,12

This currently remains the only FDA-approved indication for use
of clobazam in the United States, although clobazam is approved
for adjunctive use in other seizure types in other countries in-
cluding Canada, New Zealand, and Japan.13,14

Figure 1 Seizure Frequency Before and After Initiation of Clobazam

Seizure frequency at baseline (blue) and at final available follow-up appointment at least 1 year after clobazam initiation (orange).

Table 3 Change in Seizure Frequency by Epilepsy Type, n (% of Epilepsy Typea)

Change in seizure
frequency

At first follow-up (≥1 mo after clobazam initiation) N = 341 At final available follow-up (≥1 y after clobazam initiation)N = 178

Total LGS
LRE/focal
onset

PGE/
generalized
onset Unc. Total LGS

LRE/focal
onset

PGE/generalized
onset Unc.

No significant change 168 (49) 30 (41) 106 (55) 23 (44) 9 (41) 51 (29) 9 (23) 32 (31) 7 (28) 3 (30)

≥50% seizure
reduction

103 (30) 29 (40) 52 (27) 15 (29) 7 (32) 60 (34) 18 (46) 30 (29) 6 (24) 6 (60)

Seizure freedom 70 (21) 14 (19) 36 (19) 14 (27) 6 (27) 67 (38) 12 (31) 42 (40) 12 (48) 1 (10)

Abbreviations: LGS = Lennox-Gastaut syndrome; LRE = localization-related epilepsy; PGE = primary generalized epilepsy; Unc. = unclassified.
a May sum to >100% due to rounding.
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It is important to note that the teratogenic risks of clobazam
are uncertain, which is a concern for women of childbearing
potential. One preliminary study raises concern that cloba-
zammay have highmalformation risks.15 In our study, 54% of
patients were women, the majority of whom were of child-
bearing age. Patients with epilepsy who become pregnant
should be encouraged to enroll in The North American
Antiepileptic Drug Pregnancy Registry or the equivalent
registry in their country of residence so that the risk of clo-
bazam during pregnancy can be clarified.

Multiple other AEDs have been studied and approved by
the FDA for adjunctive use in adults with refractory epi-
lepsy. In randomized control trials comparing other AEDs
to placebo, the frequency of a 50% responder rate in the
intervention arms ranged from 20% to 43%. Seizure free-
dom rate in these trials typically approximated 5%,16–18

although trials of cenobamate have indicated higher
seizure-free rates, notably 21% at the highest dose in the
largest randomized trial to date.19 Although direct com-
parison is not possible in the absence of a placebo-
controlled trial, our findings indicate that the addition of
clobazam may result in high rates of seizure freedom
(;20%) in patients with intractable epilepsy.

Our study suggests that development of tolerance to clobazam
does not occur for the majority of patients who respond to and
remain on the drug for greater than 1 month. A standard defini-
tion for tolerance has not been outlined in previous literature.
Most prior studies have used relapse in seizure frequency and/or
increase in drug dose to sustain treatment response to define
tolerance. Prior studies, using a variety of definitions, reported
estimates of development of tolerance ranging from 0% to 86%,
with ameanof 36%.20 A retrospective chart review, which defined

tolerance as a relapse in seizure frequency despite constant clo-
bazam dose, found a tolerance rate of 50% in patients with initial
seizure reduction of greater than 75%.21 A later open-label study
defined tolerance as a dosage increase of 40% plus loss of re-
sponse and found a rate of tolerance of 12%.6 We broadly con-
sidered either a relapse in seizure frequency or dose increase to
represent tolerance; our study found development of tolerance at
1 year in approximately one-fourth of patients, a lower rate than
most prior studies, and a rate of discontinuation that is highest in
the first month after initiation of clobazam.

This study is subject to limitations of a retrospective chart
review. Seizure count data to establish seizure frequency and
seizure freedom were based on patient self-report, which is
inherently unreliable. Challenges in accurately quantifying
seizure types such as absence and myoclonic seizures in pa-
tients with LGE and generalized epilepsy may also lead to
inaccuracies in calculating seizure frequency. In addition, the
postintervention follow-up period was not consistent be-
tween patients as next appointments were made at different
intervals based on the individual patient and provider. All
patients included in the study were on multiple AEDs; other
AEDs were being adjusted while patients were on clobazam,
meaning that clobazam dose changes were not made in iso-
lation. Formal cognitive assessments were not obtained, and
thus, objective cognitive side effects are unknown. Last, there
was no control group for direct comparison.

Future directions to evaluate the efficacy of clobazam would
include a prospective study or randomized control trial in
adults with refractory epilepsy. This would allow for clarifi-
cation of the time to reduced seizure burden or seizure
freedom and evaluation of efficacy and tolerability at different
doses. Further statistical analyses of a larger cohort may

Figure 2 Percent of Patients of the Initial Cohort Remaining on Clobazam Over Time

Kaplan-Meier curve for clobazam retention (solid line) with 95% confidence interval (red lines). Clobazam retention rates are approximately 80%, 70%, and
60% at the 3-month, 1-year, and 2-year marks, respectively. Few patients discontinued clobazam after the 2-year mark.
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elucidate whether clobazam is more or less effective at spe-
cific doses or when combined with specific AEDs.

Clobazam, a long-acting benzodiazepine, has been used for
treatment of refractory epilepsy and anxiety for the past
decade. In the United States, clobazam is FDA approved
only for the treatment of seizures associated with LGS, a
disabling pediatric-onset epilepsy syndrome. However, in
recent years, there has been increasing off-label use of clo-
bazam in adults with refractory epilepsy and anecdotal re-
port that it may be more effective than other AEDs in this
population. In this retrospective chart review, we found
clobazam to be effective in achieving seizure freedom and
reducing seizure burden in adults with drug-refractory epi-
lepsy, independent of epilepsy type. The drug was well tol-
erated by this population. Clobazam is an efficacious and
safe long-term option as adjunctive therapy for adults
with drug-refractory epilepsy. This study provides Class IV
evidence that clobazam is an effective treatment for adults
with drug-resistant epilepsy, independent of epilepsy
classification.
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