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Abstract
Objective: To report post hoc results on how adjustments to baseline antiseizure 
medications (ASMs) in a subset of study sites (10 US sites) from a long-term, 
open-label phase 3 study of adjunctive cenobamate affected tolerability, efficacy, 
and retention.
Methods: Patients with uncontrolled focal seizures taking stable doses of one to 
three ASMs were administered increasing doses of cenobamate (12.5, 25, 50, 100, 
150, 200 mg/day) over 12 weeks at 2-week intervals (target dose = 200 mg/day). 
Further increases to 400 mg/day by 50 mg/day biweekly increments were allowed 
during maintenance phase. Dose adjustments of cenobamate and concomitant 
ASMs were allowed. Data were assessed until last visit, at data cut-off, on or after 
September 1, 2019.
Results: A total of 240 patients meeting eligibility criteria were assessed (me-
dian [max] exposure 30.2 [43.0] months), with 177 patients continuing cenoba-
mate at data cut-off. Most common baseline concomitant ASMs were lacosamide, 
levetiracetam, lamotrigine, zonisamide, and clobazam. For most baseline con-
comitant ASMs, ~70% of patients taking that ASM were continuing cenobamate 
at data cut-off. Patients continuing cenobamate had greater mean ASM dose re-
ductions and percent dose changes from baseline vs those who discontinued. Of 
patients continuing cenobamate, 24.6% discontinued one or more concomitant 
ASMs completely. Dose decreases for all concomitant ASMs generally occurred 
during titration or early maintenance phases and were mostly due to central 
nervous system (CNS)–related adverse events such as somnolence, dizziness, un-
steady gait, and fatigue. Responder rates from ≥50% through 100% for patients 
continuing cenobamate were generally similar regardless of concomitant ASMs 
(of those most commonly taken), with ~81% being ≥50% responders and ~12% 

www.wileyonlinelibrary.com/journal/epi
mailto:﻿
https://orcid.org/0000-0002-9504-3980
https://orcid.org/0000-0002-0338-6039
https://orcid.org/0000-0003-0708-6006
https://orcid.org/0000-0003-4823-0537
https://orcid.org/0000-0001-7244-3722
https://orcid.org/0000-0002-3146-986X
http://creativecommons.org/licenses/by-nc/4.0/
mailto:werosenfeldmd@gmail.com


      |  3017ROSENFELD et al.

1   |   INTRODUCTION

The ultimate goal of epilepsy treatment is to achieve 
seizure freedom (100% seizure reduction) with mini-
mal adverse events (AEs). For drug-refractory patients, 
polytherapy has become widespread, even though the 
probability of additional efficacy diminishes with each 
successive antiseizure medication (ASM) regimen tried.1,2 
Moreover, evidence indicates that reducing treatment 
with one or more ASMs can occur in drug-resistant pa-
tients who are receiving polytherapy, with no increases in 
seizure frequency.3 Despite this, many patients continue 
to experience uncontrolled seizures and increased side ef-
fects due to polypharmacy that provides little additional 
therapeutic value.

Taking multiple concomitant ASMs can cause drug in-
teractions that may lead to changes in efficacy and safety, 
including increases in AEs.4,5 Adjustments in dosing and/
or medications in patients taking multiple drugs can help 
optimize efficacy while minimizing side effects. However, 
with numerous possible drug combinations and the indi-
vidualized nature of epilepsy treatment, physicians may 
find themselves in a continual cycle of transitional poly-
therapy with refractory patients.

For new medications, it is difficult to assess dose ad-
justments and achieve optimized efficacy and safety in 
the customary double-blind, fixed-dose, adjunctive ther-
apy clinical trials.6,7 This can confound determination of 
the true efficacy and tolerability of an adjunctive ASM, 
given the variable effects of concomitant medications and 
treatment combinations. Medication management during 
transitional therapy with new drugs thus requires close 
monitoring of a patient's AEs and efficacy along with an 
understanding of possible drug interactions and their ef-
fects on plasma concentrations of multiple ASMs.

Flexible-dose open-label studies allow for medication 
adjustments, including dose adjustments of concomi-
tant ASMs. Data from these studies provide insights into 
the efficacy and tolerability of a newly introduced ASM, 
given that they measure all reasons for discontinuation, 

including lack of efficacy and AEs.7 Moreover, retention 
data from these open-label studies can serve as a surrogate 
for efficacy and provide information about which AEs pa-
tients are able to tolerate vs those they cannot.

Cenobamate (XCOPRI) is an ASM that is approved 
by the US Food and Drug Administration (FDA) for the 
treatment of adults with focal (partial-onset) seizures.8 
Although cenobamate's mechanism of action is not fully 
understood, it has been shown to preferentially inhibit the 
persistent sodium current and to be a positive allosteric 
modulator of the γ-aminobutyric acid A (GABAA) ion 
channel, through a non-benzodiazepine GABAA receptor 
site.8–10 This dual mechanism of action suggests that ceno-
bamate may have the potential to both prevent seizure ini-
tiation and limit seizure spread.11–17

Two phase 2, placebo-controlled, randomized, double-
blind clinical studies (NCT01397968 [C013; Chung et al. 
202018] and NCT01866111 [C017; Krauss et al. 202019]), 

achieving 100% seizure reduction in the maintenance phase, which lasted up to 40.2  
(median = 29.5) months.
Significance: Concomitant ASM dose reductions were associated with more 
patients remaining on cenobamate. This is likely due to efficacy and improved 
tolerability, with overall reduced concomitant drug burden in patients with un-
controlled seizures despite taking one to three baseline concomitant ASMs.

K E Y W O R D S
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Key Points
•	 Patients who continued cenobamate tended 

to have greater reductions in concomitant an-
tiseizure medication (ASM) doses than patients 
who discontinued cenobamate.

•	 Concomitant phenytoin, phenobarbital, 
clobazam, valproate, and lacosamide were de-
creased earliest in the clinical study.

•	 Cenobamate's efficacy was demonstrated by 
many patients remaining seizure-free for long 
periods and high retention rates even after re-
ducing or completely discontinuing one or 
more of their concomitant ASMs.

•	 As experience was accumulated and physicians 
learned about the potential interactions during 
this study, concomitant ASM doses were re-
duced for many patients very early on in ceno-
bamate titration.
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in adults with uncontrolled focal epilepsy who had pre-
viously failed multiple ASMs, demonstrated substan-
tial reductions in seizure frequency and high responder 
rates, including seizure freedom, with adjunctive ceno-
bamate at 200 mg/day (C013) and 100, 200, and 400 mg/
day (C017).18,19 Cenobamate was generally safe and well 
tolerated across studies, and the most common AEs were 
central nervous system (CNS) related. The two adequate 
and well-controlled studies (C013 and C017) along with a 
large (N = 1340) long-term, open-label, phase 3 study that 
focused on safety (NCT02535091 [C021; Sperling et al. 
202020]) supported the FDA approval of the efficacy and 
safety of cenobamate.

The C021 study differed from the randomized placebo-
controlled trials in that dose adjustments to concomitant 
ASMs were allowed and a titration scheme was used that 
started with a low dose of cenobamate (12.5 mg/day), and 
the dose was increased slowly (titrated up every other 
week).20 Although seizure outcomes were not assessed in 
the C021 study, given the utility of data on long-term effi-
cacy, a protocol amendment allowed post hoc collection of 
seizure data. The current post hoc analysis examined how 
dose adjustments to baseline concomitant ASMs from 10 
US study sites of the C021 study affected tolerability, effi-
cacy, and retention.

2   |   METHODS

2.1  |  Study design and patients

2.1.1  |  Full C021 study

Detailed study design and patient eligibility for the C021 
study have been published previously.20 Briefly, C021 was 
a multicenter, open-label safety study in adults with un-
controlled focal seizures despite taking stable doses of one 
to three ASMs. Focal epilepsy was defined by International 
League Against Epilepsy (ILAE) seizure classification 
criteria.20–22

A screening period of up to 21 days was followed by an 
open-label treatment period consisting of a 12-week titra-
tion phase, followed by an open-label maintenance phase. 
Patients initiated cenobamate treatment at 12.5  mg/
day for 2 weeks, followed by 25 mg/day for 2 weeks and 
50  mg/day for 2  weeks; doses were then increased by 
50 mg/day biweekly to a target dose of 200 mg/day (Figure 
S1).20 Further increases up to 400 mg/day using biweekly 
increments of 50 mg/day were allowed during the main-
tenance phase. Reductions below 200 mg were allowed by 
investigators’ judgment, with a minimum allowed dose of 
50  mg/day. Cenobamate monotherapy was not allowed. 

Patient visits occurred biweekly for 16  weeks and then 
every 1 to 3 months.

2.1.2  |  Post hoc analysis

Data for this post hoc analysis were collected from US sites 
in which ≥11 patients had started treatment with cenoba-
mate. Eligible patients were required to have experienced 
one or more focal aware motor (FAM), focal impaired 
awareness (FIA), or focal to bilateral tonic-clonic (FBTC) 
seizure per 13 weeks prior to screening visit; to have seizure 
data of FAM, FIA, or FBTC seizures while on treatment; 
and to have consistent documentation of raw seizure data. 
In addition, patients were required to have high-quality 
seizure data for ≥85% of the total length of the study.

Concomitant ASMs (except phenobarbital and phenyt-
oin) could be removed, added, or adjusted throughout the 
trial, and cenobamate doses could be adjusted during the 
titration phase, as clinically needed. For patients taking 
concomitant phenobarbital and phenytoin, no other con-
comitant ASMs could be lowered and no adjustments to 
the cenobamate titration schedule could be made during 
the titration phase. Phenobarbital and phenytoin dose ad-
justments were permitted and anticipated to be necessary, 
with dose reductions of up to ~50% of the original dose for 
phenytoin.8 Once the maintenance phase was reached, ad-
justments to any concomitant ASM doses were allowed in 
patients taking concomitant phenobarbital or phenytoin.

Numbers of baseline concomitant ASMs, dose adjust-
ments to concomitant ASMs, cenobamate dose at initia-
tion of concomitant ASM dose reduction, and efficacy 
(using responder rates) by concomitant ASMs were com-
pared among the following four patient outcome groups: 
all analysis patients (n = 240; “all patients”), all analysis 
patients in the maintenance phase (n = 214; “maintenance 
population”), patients continuing cenobamate at data cut-
off (ie, still taking cenobamate, n = 177), and patients who 
discontinued cenobamate (n = 63).

Duration of 100% seizure reduction was assessed 
moving backward from the last clinic visit (ie, interval 
includes last clinic visit). Patients with any missing sei-
zure frequency data could not be counted as having 100% 
seizure reduction. For ≥50%, ≥75%, and ≥90% responder 
rates, the seizure frequency was analyzed as observed with 
imputation for missing seizure data during the assessed 
interval. Baseline demographics, exposure, reasons for 
discontinuation, rates of retention, treatment-emergent 
adverse events (TEAEs), and efficacy by responder rates 
were summarized using descriptive statistics.

The C021 study was conducted in accordance with the 
Declaration of Helsinki and the International Council 
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for Harmonisation Good Clinical Practice guidelines.20,23 
An independent ethics committee or institutional review 
board reviewed and approved the study protocol, amend-
ments, and post hoc analysis at each site in agreement 
with local requirements. Written informed consent was 
obtained from each patient prior to study participation.

3   |   RESULTS

3.1  |  Baseline demographics, exposure, 
and baseline ASMs

Among the 1340 patients within the larger C021 study, 12 
US study sites (n = 299) were eligible for inclusion in the 
post hoc study. Two sites were unable to participate, re-
sulting in 10 sites that were included in the post hoc analy-
sis, with a total of 255 patients. Of these patients, 15 did 
not meet the post hoc inclusion criteria, leaving 240 pa-
tients who could be evaluated. The first of these patients 
was enrolled on July 20, 2016, and the last patient was en-
rolled on January 19, 2018.

Patients included in the current post hoc analysis had 
a mean age of 41.8  years, with a somewhat higher per-
centage of male patients (Table S1). The median dura-
tion of cenobamate exposure was 30.2  months (range: 
0.10–43.0  months) including the titration phase, and 
29.5  months (range: 0.80–40.2) for the maintenance 
phase alone. Of the analysis population (all patients, 
n  =  240), 177 (73.8%) were still taking cenobamate (pa-
tients continuing cenobamate) at the data cut-off visit on 
or after September 1, 2019 (median duration of exposure 
32.9  months [range: 22.1–43.0  months]). Mean baseline 
seizure frequency/28  days was 18.1 (median 2.8) for all 
patients, 88% of whom (211/240) were taking two or three 
other ASMs prior to receiving the first cenobamate dose 
(Table S1). Demographic and disease characteristics of the 
240 patients were generally similar to the remaining pa-
tient population from the primary study, except that there 
was a greater preponderance of concomitant lacosamide, 
clobazam, and zonisamide.

3.2  |  Patients continuing cenobamate vs 
patients who discontinued cenobamate, by 
concomitant ASM

Baseline concomitant ASMs, number of patients who con-
tinued or discontinued cenobamate by concomitant ASM, 
mean doses, dose reductions, and percentage dose change 
for each ASM are shown in Table 1. Greater percentages 
of patients remained on cenobamate than discontinued 

cenobamate for all concomitant ASMs taken at baseline, 
except for patients on phenobarbital (n = 7) and rufina-
mide (n = 2). For most baseline concomitant ASMs, ~70% 
of patients continued cenobamate treatment. In addition, 
the ASM dose reductions were greater in patients continu-
ing cenobamate compared with those who discontinued 
cenobamate. The most common concomitant ASMs taken 
at baseline were lacosamide, levetiracetam, lamotrigine, 
zonisamide, and clobazam (Table 1). For these ASMs, 
mean dose reductions and percentage change in dose from 
baseline to last dose were greater in patients continuing 
cenobamate vs those who discontinued (Figure 1A–E).  
The greater study retention (for the five most common 
baseline ASMs, retention range: 71.9% to 78.9% for those 
continuing cenobamate; 21.1% to 28.1% for those who 
discontinued cenobamate) observed among patients with 
larger concomitant ASM dose reductions (for the five most 
common baseline ASMs, % dose change range: −65.8% 
to −23.4% for those continuing cenobamate; −7.8% to 
−25.0% for those who discontinued cenobamate) suggests 
that cenobamate efficacy was not impaired by decreas-
ing the dose of concomitant ASMs, and that cenobamate 
tolerability may have improved with greater concomitant 
ASM dose reductions.

Among patients continuing cenobamate, 97/395 
(24.6%; most were taking more than one concomitant 
ASM) completely discontinued one or more of their con-
comitant ASMs (Table 2). Lacosamide, levetiracetam, and 
perampanel were the ASMs discontinued in the great-
est number of patients overall, with n = 18, n = 13, and 
n = 11 patients, respectively, discontinuing these concom-
itant ASMs completely.

3.3  |  Timing and reason for dose 
adjustments to concomitant ASMs

Doses of concomitant phenytoin, phenobarbital, 
clobazam, valproate, and lacosamide were reduced ear-
liest for all patients (Figure 2). Concomitant ASM doses 
were generally reduced during titration or early mainte-
nance phases of the study. The study visits at which these 
concomitant ASMs were reduced and the mean cenoba-
mate dose at the time of the dose reduction were generally 
similar for all patients and those continuing cenobamate 
(data not shown).

Doses of concomitant ASMs were most often lowered 
due to TEAEs. CNS-related TEAEs such as somnolence, 
dizziness, and ataxia, as well as fatigue, were cited most 
often as the reasons for dose decreases in patients continu-
ing cenobamate (Table 3). Other than TEAEs, reasons for 
dose decreases cited by investigators included reduction 
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of polypharmacy, patient doing well, patient request, con-
solidation of treatment, and decreased seizure frequency. 
The TEAEs observed overall, those reported as leading 
to dose reductions of concomitant ASMs, and the safety 
profile seen for all patients were generally consistent with 
those that are known to occur with cenobamate and with 
the concomitant ASMs taken at baseline (Table 3 and 
Table S2). The most commonly reported TEAEs in ≥10% 
of patients were fatigue (34.6%), dizziness (32.1%), and 
somnolence (29.6%).

Other ASMs such as carbamazepine, oxcarbazepine, 
eslicarbazepine, and lamotrigine, which enhance rapid 
inactivation of sodium channels, usually did not require 
dose reductions until the cenobamate maintenance phase 
(range of mean visit number at first dose reduction: 9.5–
11.0). Given that cenobamate induces the cytochrome 
P450 (CYP)3A4 enzyme,8 which metabolizes these drugs, 
plasma levels of these ASMs would likely be decreased, 
resulting in possible reduced TEAEs. Despite these re-
ductions, mean percentage dose changes from study start 
to endpoint for these sodium channel drugs ranged from 
−23.4% (lamotrigine) to −50.6% (eslicarbazepine) in pa-
tients who received dose reductions (Table 1), and efficacy 
was generally maintained (data not shown).

3.4  |  Efficacy

No particular concomitant ASMs were associated with pa-
tients achieving seizure freedom when treated with adjunc-
tive cenobamate. Among patients who were seizure-free for 
≥3, ≥6, or ≥12 months (data not shown), the proportion of 
patients taking any particular concomitant ASM was similar 
to that of the baseline population (Table 1). The similarity 
in these percentages suggests that these numbers reflect the 
proportion of patients on that particular concomitant ASM, 
and that the observed seizure reduction was due to treat-
ment with cenobamate rather than an effect of the specific 
baseline ASM taken. Moreover, these seizure-freedom rates 
were observed even as doses of concomitant ASMs were 
being decreased in patients continuing cenobamate, regard-
less of the specific ASM, further suggesting that cenobamate 
was effective in reducing seizures.

Responder rates from ≥50% through 100% for patients 
continuing cenobamate were generally similar regardless 
of whether patients were taking concomitant lacosamide, 
levetiracetam, lamotrigine, clobazam, or zonisamide 
(Figure 3A,B), except that fewer patients on concomitant 
lamotrigine reached 100% seizure reduction. Percentages 
of responders by concomitant ASM in the maintenance 

F I G U R E  1   Mean dose at baseline vs at last dose and percent dose adjustment from baseline to last dose in patients continuing 
cenobamate vs patients who discontinued cenobamate by concomitant (A) lacosamide, (B) levetiracetam, (C) lamotrigine, (D) clobazam, 
and (E) zonisamide
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population (n  =  214; median [max] 29.5 [40.2] months) 
ranged from ~75% of patients for ≥50% response to ~13% 
for 100% response. For patients continuing cenobamate 
at data cut-off by concomitant ASM, ~81% were ≥50% re-
sponders and ~12% achieved 100% reduction in seizures 
for the entire maintenance phase, the duration of which 
was much longer than what is typically reported in open-
label long-term extension studies that provide 100% sei-
zure reduction rates.

Temporary increases in seizures occurred at an indi-
vidual visit in up to ~12% of patients; however, retention 
rates overall were high and 33.9% of patients continuing 
cenobamate at data cut-off were seizure-free for a mean 
23.5 months at last visit (range: 11.6–40.1 months), indi-
cating that efficacy was very good overall.

4   |   DISCUSSION

The flexible-dose design of the C021 trial allowed investi-
gators to make changes to concomitant ASMs early, while 
up-titrating adjunctive cenobamate, which is more reflec-
tive of actual clinical practice. These data may be useful 
in informing physicians on the appropriate adjustment of 

concomitant ASMs while adding cenobamate in practice. 
As physicians in this trial became more experienced and 
learned about possible interactions and how to minimize 
them, concomitant ASM doses were reduced earlier in ce-
nobamate titration. Thus for general neurologic practice, 
ASM dose reductions may occur sooner than seen here, 
depending on the early efficacy and tolerability observed 
while titrating patients onto cenobamate.

Doses of phenytoin, phenobarbital, clobazam, val-
proate, and lacosamide were decreased earliest in the 
current study (see Figure 2), while patients were still in 
the titration phase of cenobamate (as low as 12.5–50 mg/
day cenobamate). In contrast, dosages of carbamazepine, 
oxcarbazepine, and eslicarbazepine were decreased later, 
during the maintenance phase (mean cenobamate dose 
range: 188.6–197.5 mg/day). These differences in timing of 
dose reductions across varying concomitant ASMs may be 
attributed to pharmacokinetic interactions that could cause 
changes in drug exposures and alterations in tolerability. 
Doses of concomitant ASMs were reduced most often due 
to TEAEs. Both the TEAEs leading to dose reductions and 
the overall safety profile seen throughout were consistent 
with those known to occur with these medications, and no 
new safety issues were observed. Some concomitant ASM 
doses were reduced for reasons other than AEs; for exam-
ple, the concomitant ASMs reduced latest in the mainte-
nance phase (levetiracetam and brivaracetam) may have 
been adjusted by investigators to reduce the overall drug 
load rather than because of specific issues with tolerability.

The specific adjustments made to concomitant ASMs 
throughout this study provide information on practical 
dosing changes that can improve tolerability and reduce 
drug-drug interactions (DDIs) in patients receiving ad-
junctive cenobamate. As indicated, these data suggest that 
some concomitant ASMs may be lowered relatively early 
in cenobamate titration, with most dose adjustments rec-
ommended to mitigate pharmacokinetic interactions. For 
example, phenobarbital and phenytoin are both metabo-
lized, in part, by the CYP2C19 isoenzyme. Cenobamate 
inhibits CYP2C19 and data have shown that plasma expo-
sures of phenobarbital and phenytoin increase by a mean 
37% and 84%, respectively, following multiple doses of ad-
junctive cenobamate.8,24 Elevation of phenytoin levels may 
lead to increased risk of dizziness/ataxia, thus physicians 
should be aware that dose alterations may be necessary if 
these symptoms occur, or proactive reduction of phenyt-
oin dose may be required. In this study, investigators re-
duced phenytoin doses in patients continuing cenobamate 
by a mean 60.8%, starting at a mean (min) cenobamate 
dose of 142.0 (0.0) mg/day (mean visit 7). Similarly, in-
vestigators reduced phenobarbital doses by a mean 40.0% 
starting early in titration (mean visit 6.5) at a mean (min) 
cenobamate dose of 131.3 (12.5) mg/day. Patients and 

T A B L E  2   Patients continuing cenobamate at data cut-off who 
discontinued their baseline concomitant ASMs

Concomitant ASMa, n/N (%)
Patients continuing 
cenobamate (n = 177)

Lacosamide 18/77 (23.4)

Levetiracetam 13/64 (20.3)

Perampanel 11/19 (57.9)

Clobazam 8/30 (26.7)

Lamotrigine 7/48 (14.6)

Zonisamide 6/30 (20.0)

Carbamazepine 5/16 (31.3)

Pregabalin 5/11 (45.5)

Valproateb 4/15 (26.7)

Oxcarbazepine 4/15 (26.7)

Phenytoin 4/12 (33.3)

Brivaracetam 4/11 (36.4)

Eslicarbazepine 3/13 (23.1)

Gabapentin 2/3 (66.7)

Felbamate 1/3 (33.3)

Phenobarbital 1/3 (33.3)

Topiramate 1/15 (7.0)

Clonazepam 0/5 (0.0)

Clorazepate 0/3 (0.0)

Abbreviation: ASM, antiseizure medication.
aMost patients were taking >1 concomitant ASM.
bIncludes valproic acid, sodium valproate, and divalproex sodium.
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caregivers should be aware that early reduction of pheno-
barbital doses may be required if drowsiness/somnolence 
occurs, or doses may be proactively decreased.

The active metabolite of clobazam, N-
desmethylclobazam, is also mainly metabolized by the 
CYP2C19 enzyme. Data on interactions between canna-
bidiol (another CYP2C19 inhibitor) and clobazam suggest 
that during coadministration of a CYP2C19 inhibitor, 
such as cenobamate,8,24 N-desmethylclobazam levels may 
increase by between 2 and 6 times, which can result in in-
creased TEAEs.25 Patients and caregivers should be aware 
that adjunctive cenobamate with clobazam may lead to 
increased somnolence. In the current analysis, for those 
continuing cenobamate, investigators started reducing 
doses of clobazam at a mean (min) cenobamate dose of 
135.0 (0.0)  mg/day, with most patients (~65%) receiving 
dose reductions at 50–150 mg/day cenobamate (data not 
shown). Due to the rate of somnolence (50.0%) leading to 
the first dose reduction of concomitant clobazam, as well 
as probable elevations in plasma N-desmethylclobazam 
when coadministered with cenobamate, early reduction of 
clobazam is recommended when initiating cenobamate, 
which should often be proactively reduced.

Investigators made the above dose alterations based on 
probable pharmacokinetic interactions leading to alter-
ations in blood levels. However, pharmacodynamic inter-
actions may also arise and could require dose adjustments. 
For example, dizziness and somnolence were reported in 
some patients receiving lacosamide and cenobamate. At 

lower doses of cenobamate, there are no apparent phar-
macokinetic interactions between these drugs; however, 
at 400 mg/day cenobamate, there can be up to 50% inhibi-
tion of CYP2C19 and possible small elevations of total la-
cosamide levels. This suggests that these side effects could 
be due to a pharmacodynamic interaction at lower ceno-
bamate dosages and a possible minimal pharmacokinetic 
CYP2C19 interaction at 400 mg/day.

Both cenobamate and lacosamide exert their therapeutic 
effects through sodium channels but with different mecha-
nisms of action.10 Clinically, patients on higher doses of la-
cosamide, particularly at >500 mg/day range, will be more 
likely to require lacosamide dose decreases when adding 
cenobamate. In this analysis of patients continuing ceno-
bamate who had their lacosamide dose reduced, ~70% of 
those taking >500 mg/day lacosamide at baseline had their 
dose reduced (mean lacosamide reduction: 229.3 mg/day), 
whereas ~40% of those receiving <500 mg/day lacosamide 
at baseline had their dose reduced (mean lacosamide reduc-
tion: 98.4 mg/day; data not shown).

Other blocking ASMs that alter sodium channel con-
ductance, including carbamazepine, oxcarbazepine, es-
licarbazepine, and lamotrigine, usually did not require 
dose reductions until the cenobamate maintenance 
phase. Because these ASMs are largely metabolized by 
CYP3A4, and cenobamate enhances this effect, blood lev-
els for these concomitant drugs may be decreased.8 These 
decreases may lead to a reduction in TEAEs that would 
allow cenobamate to be successfully up-titrated. Once in 

F I G U R E  2   Mean cenobamate dose at initiation of concomitant ASM dose reduction by study visit (all patients, n = 240). aVPA 
includes valproic acid, sodium valproate, and divalproex sodium. ASM, antiseizure medication; BVR, brivaracetam; CBZ, carbamazepine; 
CLB, clobazam; CZP, clorazepate; ESL, eslicarbazepine; FBM, felbamate; GBP, gabapentin; LCM, lacosamide; LEV, levetiracetam; LTG, 
lamotrigine; OXC, oxcarbazepine; PGB, pregabalin; PHB, phenobarbital; PHT, phenytoin; PRL, perampanel; TPM, topiramate; VPA, 
valproate; ZNS, zonisamide
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the maintenance phase, some further reductions of these 
sodium channel drugs may be necessary.

For patients continuing cenobamate, valproate was 
lowered in the late titration phase (mean visit: 8.0) at a 
mean (minimum) dose of 167.9 (0.0) mg/day cenobamate, 
but no major pharmacokinetic interactions were noted. 
Drugs such as levetiracetam have few or no known in-
teractions with cenobamate and lowering levetiracetam 
usually did not occur until the maintenance phase (mean 
visit: 11.5) at a mean (minimum) cenobamate dose of 
217.0 (12.5) mg/day (see Figure 2).

The current post hoc analysis indicates that patients 
who remained on cenobamate had greater dose reduc-
tions of concomitant ASMs than patients who discontin-
ued, suggesting that reducing the doses of these drugs may 
lead to greater retention over a long maintenance phase. 
This retention benefit could have been due to improved 
tolerability as a result of the reduced overall drug burden.

T A B L E  3   Adverse events leading to first dose reduction of 
concomitant ASMs for which ≥11 patients experienced AEs leading 
to dose reductions of that drug (all patients)

Concomitant ASM n/total
(%)a Adverse event

Lacosamide, n = 56

Ataxia 15/56 (26.8)

Dizziness 12/56 (21.4)

Somnolence 12/56 (21.4)

Physician/patient choice (decreased 
medication load)

12/56 (21.4)

Fatigue 8/56 (14.3)

Lamotrigine, n = 39

Ataxia 9/39 (23.1)

Fatigue 9/39 (23.1)

Dizziness 7/39 (17.9)

Somnolence 7/39 (17.9)

Levetiracetam, n = 38

Somnolence 10/38 (26.3)

Physician/patient choice (decreased 
medication load)

7/38 (18.4)

No decreased reason reported 6/38 (15.8)

Cognitive dysfunction 4/38 (10.5)

Clobazam, n = 28

Somnolence 14/28 (50.0)

Fatigue 5/28 (17.9)

Ataxia 5/28 (17.9)

Dysarthria 4/28 (14.3)

Zonisamide, n = 18

Fatigue 7/18 (38.9)

No decreased reason reported 3/18 (16.7)

Somnolence 2/18 (11.1)

Physician/patient choice (decreased 
medication load)

2/18 (11.1)

Carbamazepine, n = 16

Dizziness 4/16 (25.0)

Physician/patient choice (decreased 
medication load)

4/16 (25.0)

Somnolence 3/16 (18.8)

Phenytoin, n = 16

Somnolence 5/16 (31.3)

Elevated phenytoin levels 4/16 (25.0)

Dizziness 3/16 (18.8)

Ataxia 3/16 (18.8)

Fatigue 3/16 (18.8)

Physician/patient choice (decreased 
medication load)

2/16 (12.5)

(Continues)

Concomitant ASM n/total
(%)a Adverse event

Perampanel, n = 15

Physician/patient choice (decreased 
medication load)

5/15 (33.3)

Somnolence 3/15 (20.0)

Dizziness 2/15 (13.3)

Ataxia 2/15 (13.3)

Fatigue 2/15 (13.3)

Dysarthria 2/15 (13.3)

No decreased reason reported 2/15 (13.3)

Oxcarbazepine, n = 13

Dizziness 8/13 (61.5)

Ataxia 2/13 (15.4)

Diplopia 2/13 (15.4)

Somnolence 2/13 (15.4)

Physician/patient choice (decreased 
medication load)

2/13 (15.4)

Topiramate, n = 12

Physician/patient choice (decreased 
medication load)

4/12 (33.3)

Difficulty finding words 2/12 (16.7)

Cognitive dysfunction 2/12 (16.7)

Fatigue 2/12 (16.7)

Eslicarbazepine, n = 11

Dizziness 3/11 (27.3)

Ataxia 2/11 (18.2)

Fatigue 2/11 (18.2)

Abbreviations: AEs, adverse events; ASM, antiseizure medication.
aAEs occurring in ≥10% of patients.

T A B L E  3   (Continued)
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Because retention can serve as both a surrogate for effi-
cacy and an indication of tolerability, the current analysis 
offers key insights into the clinical use of various concom-
itant ASMs with adjunctive cenobamate. The high reten-
tion rate observed here, even after reducing doses of or 
completely discontinuing concomitant ASMs, supports 
the efficacy of cenobamate. The high percentages of re-
sponders observed in patients continuing cenobamate, 
regardless of their concomitant ASM, further suggest that 
cenobamate treatment was effective in reducing seizures 
in these patients whose seizures were previously uncon-
trolled despite treatment with up to three other ASMs. 
Moreover, these responses were sustained over a lengthy 
maintenance phase. In most studies, the maintenance 
phase represents a 6- or 12-week portion of the double-
blind studies; in open-label studies, intervals of 3 months, 
6 months, or a year are typically described for 100% reduc-
tion in seizures, or are not described at all. However, in 
this open-label study, the maintenance phase represents 
the entire length of the study except the 12-week titration 
phase (ie, up to 40.2 months of data), and sustained seizure 
reductions over this extensive period were still observed.

The current findings must be interpreted in context 
with the limitations of both the post hoc analyses and 
the larger C021 study. Because this was a retrospective 

analysis of a population from a subset of clinical sites, se-
lection bias may exist, although the present cohort resem-
bled the broader C021 sample. In addition, the C021 study 
was open label and was not originally designed to assess 
effects of changes to concomitant ASMs; therefore it was 
analyzed post hoc. As previously indicated, the open-label 
study design allowed clinicians to make changes to ceno-
bamate doses and concomitant ASMs, which may better 
reflect actual clinical practice.

Because patients with refractory epilepsy often expe-
rience tolerability issues due to polypharmacy, reducing 
concomitant medications during the addition of new ther-
apy is frequently necessary. Many patients with uncon-
trolled epilepsy have excessive drug load, most commonly 
through use of combination therapy, which can result in 
significant TEAEs, DDIs, and reduced quality of life.26–28 
The ultimate goal of treatment is to reach 100% seizure 
reduction with the fewest possible TEAEs. When initiat-
ing treatment, slowly reducing the concomitant ASM dose 
in patients who experience TEAEs while adding another 
drug may aid in reducing drug burden while allowing for 
optimal efficacy.26 Proper treatment with a combination 
of many ASMs requires transitional polytherapy during 
titration of a new drug, with a goal of monotherapy or 
reduced ASM polytherapy.29 Titration allows for dose 

F I G U R E  3   (A) Responder rates 
during the entire maintenance phase by 
concomitant ASM among all patients in 
the maintenance phase (maintenance 
population, n = 214), and (B) patients 
continuing cenobamate at data cut-
off (n = 177). Note: The median 
treatment duration for all patients in the 
maintenance phase was 29.5 months. The 
median treatment duration for patients 
continuing cenobamate at data cut-off 
was 30.2 months. ASM, antiseizure 
medication
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adjustment and a more personalized treatment regimen 
because some patients may experience efficacy at lower 
than recommended target doses. This strategy also pro-
vides greater opportunities to evaluate patients who may 
be able to transition to monotherapy. The information 
presented here offers physicians a data-driven clinical ap-
proach to adjusting concomitant ASMs while up-titrating 
adjunctive cenobamate in patients with uncontrolled 
focal seizures.

5   |   CONCLUSIONS

In the current study of adjunctive cenobamate, reducing 
doses of concomitant medications likely led to greater pa-
tient retention due to the combination of appropriate lev-
els of efficacy and reduced concomitant drug burden in a 
population who were largely taking two to three concomi-
tant ASMs at baseline. This post hoc analysis of a subset of 
the C021 study provides some direction to physicians on 
adjusting concomitant ASMs when adding on cenobamate 
treatment. As investigators gained experience and learned 
about potential interactions, concomitant ASM doses 
were reduced for many patients very early in cenobamate 
titration. Doses of concomitant phenytoin, phenobarbital, 
clobazam, valproate, and lacosamide, in particular, may 
be gradually reduced early on when adding cenobamate 
treatment to avoid possible tolerability issues. The num-
ber of patients who remained seizure-free for prolonged 
periods and the high retention rates, even after reducing 
or discontinuing concomitant ASMs, suggest that cenoba-
mate was efficacious. Post hoc efficacy analyses from the 
C021 safety study are also presented in a companion paper 
(Sperling et al. 2021),30 and together, these analyses allow 
for a broader view of the effects of cenobamate on seizure 
reduction over the long term.
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