
Epilepsia. 2021;00:1–11.	 		 		 |	 1wileyonlinelibrary.com/journal/epi

Received:	12	July	2021	 |	 Revised:	5	November	2021	 |	 Accepted:	10	November	2021

DOI:	10.1111/epi.17134		

R E S E A R C H  A R T I C L E

Long- term individual retention with cenobamate in 
adults with focal seizures: Pooled data from the clinical 
development program

Josemir W. Sander1,2,3  |   William E. Rosenfeld4  |   Jonathan J. Halford5  |   
Bernhard J. Steinhoff6,7  |   Victor Biton8 |   Manuel Toledo9

1NIHR	University	College	London	
Hospitals	Biomedical	Research	Centre,	
UCL	Queen	Square	Institute	of	
Neurology,	London,	UK
2Chalfont	Centre	for	Epilepsy,	Chalfont	
St.	Peter,	UK
3Stichting	Epilepsie	Instellingen	
Nederland	(SEIN),	Heemstede,	The	
Netherlands
4Comprehensive	Epilepsy	Care	Center	
for	Children	and	Adults,	St.	Louis,	
Missouri,	USA
5Comprehensive	Epilepsy	Center,	
Medical	University	of	South	Carolina,	
Charleston,	South	Carolina,	USA
6Department	of	Neurology	and	Clinical	
Neurophysiology,	Kork	Epilepsy	Center,	
Kehl-	Kork,	Germany
7Clinic	for	Neurology	and	
Neurophysiology,	Freiburg,	Germany
8Arkansas	Epilepsy	Program,	Little	
Rock,	Arkansas,	USA
9Epilepsy	Unit,	Neurology	Department,	
Hospital	Universitari	Vall	d'Hebron,	
Barcelona,	Spain

Correspondence
Josemir	W.	Sander,	UCL	Queen	Square	
Institute	of	Neurology,	London,	WC1N	
3BG,	UK.
Email:	l.sander@ucl.ac.uk

Funding information
SK	Life	Science,	Inc.

Abstract
Objective: We	determined	retention	on	open-	label	cenobamate	 therapy	 in	 the	
clinical	development	program	to	assess	the	long-	term	efficacy	and	tolerability	of	
adjunctive	cenobamate	in	individuals	with	uncontrolled	focal	seizures.
Methods: Data	 from	two	randomized,	controlled	cenobamate	studies	and	one	
open-	label	safety	and	pharmacokinetic	study	were	pooled.	Based	on	the	percent-
age	of	participants	remaining	on	treatment,	retention	rates	were	estimated	using	
Kaplan-	Meier	survival	analyses.	We	performed	two	additional	analyses	to	assess	
factors	contributing	to	retention,	stratifying	a	robust	data	set	(through	2 years)	
by	cenobamate	modal	dose	and	frequently	used	concomitant	anti-	seizure	medi-
cations.	 Cenobamate	 discontinuations	 and	 treatment-	emergent	 adverse	 events	
were	summarized.
Results: Data	from	1844	participants	were	pooled:	149	from	a	single-	dose	ran-
domized	trial,	355	from	a	multi-	dose	randomized	trial,	and	1340	from	an	open-	
label	safety	and	pharmacokinetic	study.	Most	participants	from	randomized	trials	
continued	in	open-	label	extensions,	and	pooled	data	represent	>95%	of	partici-
pants	exposed	to	cenobamate.	Baseline	characteristics	and	disease	and	treatment	
histories	were	similar	across	studies.	Median	duration	of	cenobamate	exposure	
was	34 months,	with	a	median	modal	dose	of	200 mg/day.	Kaplan-	Meier	esti-
mates	of	cumulative	cenobamate	retention	rates	were	80%	at	1 year	and	72%	at	
2 years.	Once	participants	reached	the	maintenance	phase,	retention	rates	were	
consistently	high	 in	participants	 receiving	≥100 mg/day	cenobamate,	and	con-
comitant	anti-	seizure	medications	did	not	affect	long-	term	retention.	By	2 years,	
535	(29%)	had	actually	discontinued	cenobamate;	the	most	common	reasons	for	
discontinuation	were	adverse	events	(37.6%),	withdrawal	of	consent	(21.1%),	and	
other	(16.8%).
Significance: Treatment	retention	rates	provide	a	proxy	measure	for	long-	term	
efficacy,	safety,	tolerability,	and	adherence.	The	consistently	high	retention	rates	
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1 	 | 	 INTRODUCTION

Cenobamate	 is	 a	 new	 anti-	seizure	 medication	 (ASM)	
available	in	the	United	States	to	treat	adults	with	focal	sei-
zures.	In	Europe,	cenobamate	is	indicated	as	an	adjunctive	
treatment	 for	 adults	 with	 focal	 seizures	 whose	 seizures	
have	 not	 been	 adequately	 controlled	 despite	 treatment	
with	at	least	two	ASMs.1,2	Cenobamate	is	believed	to	have	
a	 dual	 mechanism	 of	 action.	 Preclinical	 studies	 suggest	
that	cenobamate	acts	as	a	positive	allosteric	modulator	of	
γ-	aminobutyric	 acid	 receptor	 A	 (GABAA)	 and	 preferen-
tially	blocks	the	persistent	sodium	current.3,4 These	mech-
anisms	of	action	are	likely	complementary	and	probably	
act	by	preventing	seizure	initiation	and	potentially	limit-
ing	the	spread	of	seizures.5–	9

Two	randomized	controlled	 trials	of	adjunctive	ceno-
bamate	in	adults	with	uncontrolled	focal	seizures	showed	
substantial	seizure	reductions	in	the	maintenance	phases	
of	the	studies;	one	study	(randomized	study	1;	Table	S1)	
reported	 seizure	 freedom	 (100%	 seizure	 reduction)	 in	
28.3%	 of	 participants	 administered	 200  mg/day	 ceno-
bamate	vs	8.8%	of	those	taking	placebo.10 The	other	study	
(randomized	study	2;	Table	S1)	reported	seizure	freedom	
in	 21.1%	 of	 participants	 taking	 400  mg/day	 cenobamate	
vs	1%	taking	placebo.11	Both	trials	had	open-	label	exten-
sions.	A	third	study,	an	open-	label	safety	study	(Table	S1)	
in	adults	with	drug-	resistant	focal	seizures,	included	a	12-	
week	titration	phase	to	200 mg/day	cenobamate.	A	dose-	
optimization/maintenance	phase	followed,	during	which	
participants	could	receive	up	to	400 mg/day	cenobamate	
for	12 months	or	longer	if	clinical	benefit	continued.12

Retention	 rates	 of	 treatment	 with	 ASMs	 provide	 a	
composite	measure	of	clinical	efficacy,	tolerability,	safety,	
and	adherence	over	a	specified	time	frame.13–	17	Clinicians	
managing	people	with	difficult-	to-	treat	 seizure	disorders	
may	find	that	long-	term	retention	is	a	useful	measure	of	
ASM	 effectiveness.	The	 use	 of	 retention	 data	 as	 an	 out-
come	 measure	 is	 now	 recommended	 by	 the	 European	
Medicines	Agency	(EMA)	as	a	global	indicator	of	a	drug's	
clinical	 effectiveness.18  Data	 from	 retention	 studies	 may	
also	 provide	 much-	needed	 benchmarks	 for	 interpreting	
and	 comparing	 the	 clinical	 efficacy	 of	 newly	 approved	
ASMs.19 They	also	reassure	that	the	results	of	controlled	
clinical	trials	may	be	generalizable	for	tolerability	and	sus-
tained	clinical	benefit.16	Here,	we	present	pooled	exposure,	

retention,	and	safety	data	from	a	large	population	that	re-
ceived	open-	label	adjunctive	cenobamate	treatment	in	the	
clinical	development	program.

2 	 | 	 METHODS

2.1	 |	 Study design

Study	design	and	inclusion/exclusion	criteria	for	the	two	
randomized	 controlled	 trials	 and	 the	 open-	label	 safety	
study	were	published	previously.10–	12 Key	aspects	of	these	
study	designs	are	summarized	in	Table	S1.	This	post	hoc	
analysis	used	a	data	cutoff	of	June	1,	2020.

Participants	 who	 completed	 the	 double-	blind	 phase	
of	 the	 two	 randomized	 controlled	 trials	 were	 eligible	 to	
continue	to	an	open-	label	extension.	This	was	the	case	for	
most	sites	participating	in	the	trials.	In	the	first	trial,	which	
evaluated	200 mg/day	cenobamate	vs	placebo,	individuals	
continuing	to	the	open-	label	extension	were	transitioned	to	
receive	 cenobamate	 100  mg/day.	 Participants	 underwent	
upward	titration	of	the	dose	by	50 mg/day	every	2 weeks	
to	200 mg/day	based	on	tolerability.	Later,	the	maximum	
allowed	 dose	 was	 changed	 to	 400  mg/day	 at	 the	 investi-
gator's	 discretion.	 Participants	 could	 receive	 cenobamate	
without	re-	titration	if	a	clinically	meaningful	response	had	
been	observed	or	 if	 seizure	control	worsened	during	 the	
transition	 to	 open-	label.	 In	 the	 second	 trial,	 which	 eval-
uated	 100,	 200,	 or	 400  mg/day	 cenobamate	 vs	 placebo,	

we	 found	suggest	 that	cenobamate	may	be	an	effective	and	well-	tolerated	new	
treatment	option	for	people	with	drug-	resistant	focal	seizures.

K E Y W O R D S

efficacy,	epilepsy,	open-	label,	retention	rate,	tolerability

Key Points
•	 Cenobamate	 estimated	 retention	 rates	 were	

80%	at	1 year	and	72%	at	2 years
•	 After	 titration,	 retention	 remained	 high,	 with	

cenobamate	 doses	 ≥100  mg/day;	 concomi-
tant	 anti-	seizure	 medications	 did	 not	 impact	
retention

•	 Cenobamate	 discontinuation	 was	 most	 often	
due	 to	 adverse	 events,	 withdrawal	 of	 consent,	
or	other	reasons

•	 High	long-	term	cenobamate	retention	suggests	
sustained	clinical	efficacy	and	tolerability
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individuals	 continuing	 to	 the	 open-	label	 extension	 were	
transitioned	to	an	initial	target	dose	of	300 mg/day	ceno-
bamate.	The	investigator	adjusted	the	cenobamate	dose	as	
clinically	indicated,	either	down	to	a	minimum	of	50 mg/
day	or	up	to	a	maximum	of	400 mg/day.

The	 open-	label	 safety	 study	 had	 a	 12-	week	 titration	
phase	to	achieve	an	initial	target	dose	of	200 mg/day.	This	
was	 followed	 by	 a	 12-	month	 maintenance	 phase,	 which	
could	be	continued	past	the	12 months	for	participants	ben-
efiting	from	cenobamate.12	During	the	maintenance	phase,	
the	cenobamate	dose	could	be	increased	by	50 mg/day	every	
other	week	to	a	maximum	of	400 mg/day.	In	all	the	open-	
label	studies,	investigators	could	adjust	therapy	with	other	
ASMs	as	clinically	indicated	(those	taking	concomitant	phe-
nytoin	or	phenobarbital	in	the	open-	label	safety	study	were	
not	 permitted	 to	 add,	 remove,	 or	 adjust	 co-	administered	
ASMs	during	titration),	although	monotherapy	with	ceno-
bamate	was	not	allowed.12

For	 this	 pooled	 analysis,	 safety	 outcomes	 through	
2  years	 were	 summarized,	 including	 the	 incidence	 of	
treatment-	emergent	adverse	events	 (TEAEs),	 serious	ad-
verse	events,	and	discontinuations	due	to	adverse	events.	
All	people	included	in	this	analysis	received	at	least	one	
dose	of	study	medication.

Each	study	was	conducted	according	to	the	International	
Council	for	Harmonisation	guidelines.	An	institutional	re-
view	board	at	each	site	approved	the	protocol.10–	12	All	par-
ticipants	provided	written,	informed	consent	before	entry.

2.2	 |	 Statistical analyses

Baseline	demographics,	disease	characteristics,	exposure	
duration	(defined	as	the	date	of	the	last	dose	minus	date	
of	the	first	dose	of	open-	label	treatment	+1),	reasons	for	
discontinuation,	 and	 TEAEs	 were	 summarized	 with	 de-
scriptive	statistics	for	the	pooled	population.

Overall	 retention	 rates	 were	 estimated	 using	 Kaplan-	
Meier	analyses	and	were	derived	from	all	participants	who	
received	open-	label	cenobamate,	including	those	who	en-
rolled	in	the	first	trial	and	for	whom	data	through	8 years	
were	 available.	 To	 estimate	 retention	 rates	 stratified	 by	
modal	dose	(defined	as	the	dose	taken	for	the	most	days	
during	 the	 study)	 and	 by	 frequently	 used	 concomitant	
ASMs,	data	through	2 years	of	follow-	up	were	used,	repre-
senting	the	largest	number	of	participants	and,	therefore,	
the	most	robust	data	set.

To	compare	retention	rates	between	different	ASMs,	a	
search	was	conducted	 to	 identify	OLE	studies	 that	were	
conducted	with	methodologies	similar	to	those	used	in	the	
cenobamate	clinical	study	program	(ie,	adults	with	focal	
seizures)	 that	 reported	 retention	 rate	 data.	 Additional	
post-	marketing	 estimated	 retention	 rates	 of	 commonly	

prescribed	 ASMs	 were	 evaluated	 based	 on	 published	
data	 from	 a	 single	 UK	 adult	 tertiary	 center	 for	 epilepsy.	
The	 published	 retention	 rate	 data	 were	 reviewed	 and	
qualitatively	 compared	 with	 the	 corresponding	 data	 for	
cenobamate.

3 	 | 	 RESULTS

3.1	 |	 Participant disposition and baseline 
demographics

Across	 the	 three	 studies,	 a	 total	 of	 1844	 participants	 re-
ceived	open-	label	cenobamate	(Figure	1).	The	open-	label	
phase	 was	 added	 as	 a	 protocol	 amendment	 to	 the	 first	
study.	 India	 did	 not	 approve	 the	 amendment,	 and	 thus	
43	 Indian	 participants	 did	 not	 have	 the	 option	 to	 par-
ticipate	 in	the	open-	label	study.	One	hundred	forty-	nine	
participants	 from	 open-	label	 phases	 of	 the	 first	 study,	
355	from	the	second	study	and	1340	from	the	open-	label	
safety	study,	were	 included	 in	 the	analysis,	 representing	
over	95%	of	those	exposed	to	cenobamate	across	the	three	
studies.

The	 mean	 (SD)	 baseline	 age	 (39.5	 [12.5]	 years)	 and	
sex	 (49.6%	 female)	 of	 the	 pooled	 population	 were	 simi-
lar	 to	 those	 in	 the	 individual	 studies	 (Table	 1).	 Baseline	
demographics	 of	 the	 populations	 have	 been	 published	
previously.10–	12

3.2	 |	 History of epilepsy and exposure 
to ASMs

Epilepsy	duration	was	similar	across	studies,	with	a	mean	
(SD)	of	23.1	(13.9)	years	for	the	pooled	population	(Table	
1).	Most	participants	(1482/1844,	80.4%)	were	taking	two	
to	three	concomitant	ASMs	at	the	start	of	open-	label	treat-
ment	(mean	2.3	[0.8]).	Seven	hundred	twenty-	eight	(39.5%)	
were	taking	two	concomitant	ASMs,	and	754	(40.9%)	were	
taking	 three.	 Table	 1	 also	 lists	 the	 individual	 concomi-
tant	ASMs	used	by	10%	or	more	participants	at	the	start	
of	open-	label	cenobamate	treatment.	Approximately	80%	
received	sodium	channel	blockers	(including	lamotrigine,	
carbamazepine,	 lacosamide,	 oxcarbazepine,	 eslicarbaz-
epine	acetate,	and	rufinamide).

3.3	 |	 Cenobamate exposure

At	 the	 data	 cutoff	 of	 June	 2020,	 the	 mean	 (SD)	 cenoba-
mate	 exposure	 duration	 was	 33.7	 (22.5)	 months	 (me-
dian	 34  months,	 range	 [0.0–	114.3]).	 In	 the	 open-	label	
extensions	of	the	individual	randomized	studies,	the	mean	
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(SD)	 exposure	 duration	 was	 58.6	 (39.0)	 months	 (median	
85.8  months	 [range,	 0.3–	104.8])	 and	 47.3	 (26.0)	 months	
(median	 64.9  months	 [range	 1.1–	79.8]).	 In	 the	 open-	label	
safety	study,	the	mean	(SD)	duration	of	exposure	was	27.4	
(13.7)	 months	 (median	 33.4  months	 [range	 0.03–	114.3]).	
The	median	modal	doses	in	the	open-	label	segments	of	the	
randomized	studies	were	200 mg	and	300 mg,	and	in	the	
open-	label	study,	the	median	modal	dose	was	200 mg.	The	
median	modal	daily	dose	of	cenobamate	in	the	pooled	pop-
ulation	was	200 mg.

3.4	 |	 Estimated cumulative 
retention rates

The	estimated	retention	rates	were	80%	at	1 year	and	72%	
at	2 years.	These	rates	were	consistent	across	the	individual	
studies,	ranging	from	73%	to	84%	at	1 year	and	67%	to73%	
at	2 years.	The	probability	of	retention	in	those	who	con-
tinued	participating	was	estimated	to	be	67%	at	3 years	and	
gradually	decreasing	to	57%	through	8 years	(Figure	2).

3.5	 |	 Retention rate correlations with 
cenobamate doses and concomitant ASMs

When	we	stratified	data	through	2 years	based	on	ceno-
bamate	modal	dose	(<100 mg/day,	≥100	to	<200 mg/day,			

≥200	to	<300 mg/day,	and	≥300 mg/day),	estimates	of	re-
tention	ranged	from	71%	to	92%	for	participants	who	re-
ceived	cenobamate	at	doses	≥100 mg/day	in	the	first	year	
(Figure	3A).	By	comparison,	retention	rates	for		participants	
who	 received	 cenobamate	 at	 doses	 <100  mg/day	 fell	 to	
19%	in	the	first	year.	Participants	in	the	<100 mg/day	co-
hort	included	those	who	discontinued	during	the	titration	
period.	Among	individuals	who	stopped	cenobamate	dur-
ing	the	titration	period,	less	than	10%	reported	≥1 TEAE	
that	started	 in	the	titration	period	and	led	to	study	drug	
discontinuation.

Estimates	of	retention	rates	stratified	by	 the	most	
commonly	 coadministered	 ASMs	 (used	 by	 10%	 or	
more	 participants)	 appear	 similar	 (Figure	 3B).	 The	
retention	 estimates	 at	 1  year	 ranged	 from	 77%–	83%	
and	 at	 2  years	 from	 69%–	75%	 across	 all	 subgroups	
of	 concomitant	 ASMs.	 This	 analysis	 suggests	 that	
the	 various	 ASMs	 administered	 concomitantly	 with	
cenobamate	 did	 not	 affect	 retention.	 Retention	 rate	
data	 for	 brivaracetam,	 lacosamide,	 and	 perampanel	
were	obtained	from	published	studies	 that	employed	
methods	 comparable	 to	 those	 used	 for	 this	 analysis.	
Open-	label	 extension	 studies	 of	 brivaracetam,	 lacos-
amide,	and	perampanel	reported	estimated	retention	
rates	 from	 62%	 to	 80%	 at	 1  year	 and	 29%	 to	 68%	 at	
2 years.20–	23 This	compares	to	our	findings	of	an	80%	
estimated	retention	rate	for	cenobamate	at	1 year	and	
72%	at	2 years.

F I G U R E  1  Participant	disposition	in	
cenobamate	studies.	CNB,	cenobamate;	
OLE,	open-	label	extension;	PBO,	placebo.	
aWithdrew,	n = 160.	Language	describing	
withdrawal	varied	between	the	studies;	
combined	total	includes	“withdrew	
consent	for	reasons	other	than	adverse	
events”	and	“Withdrawal	by	participant.”	
b13	participants	in	the	pooled	population	
experienced	an	adverse	event	with	fatal	
outcome	prior	to	the	2-	year	data	cutoff.	
Nine	of	these	were	categorized	under	
adverse	event.	None	of	the	deaths	were	
judged	to	be	related	to	treatment
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3.6	 |	 Safety and discontinuations

We	evaluated	safety	and	discontinuation	data	in	all	1844	
participants	 receiving	 open-	label	 cenobamate.	 A	 total	 of	
1468	of	1844	individuals	(80%)	were	still	participating	at	
the	 end	 of	 year	 1	 and	 1309	 (71%)	 by	 the	 end	 of	 2  years	
(Table	S2).	At	the	end	of	year	2,	a	total	of	535	of	1844	par-
ticipants	 (29%)	had	discontinued	cenobamate.	The	most	
common	reasons	for	discontinuation	were	adverse	events	
(201,	37.6%),	withdrawal	of	consent	for	reasons	other	than	
adverse	events	(113,	21.1%),	and	other	unspecified	reasons	
(90,	16.8%)	(Table	S2).

The	most	common	TEAEs	across	all	three	studies	were	
central	 nervous	 system	 related	 (Table	 2).	 Most	 TEAEs	
were	 mild	 or	 moderate	 in	 severity	 (75.8%).	 The	 most	
common	treatment-	related	adverse	events	(TRAEs)	were	
somnolence	 (26.8%),	 dizziness	 (24.9%),	 fatigue	 (15.3%),	
headache	(7.8%),	and	balance	disorder	(5.5%).	In	individ-
uals	 who	 experienced	 serious	 TEAEs,	 seizures	 were	 the	
most	common	and	occurred	in	1.7%	of	the	pooled	popu-
lation.	The	most	common	TEAEs	(≥5%)	that	led	to	study	
discontinuations	 were	 dizziness	 (10.4%),	 somnolence	
(7%),	fatigue	(5%),	headache	(5%),	rash	(5%),	and	seizures	
(5%).	A	total	of	13	participants	died	before	the	2-	year	cut-
off	for	these	analyses.	None	of	the	deaths	were	considered	
to	be	treatment	related.	Three	died	of	sudden	unexplained	
death	in	epilepsy	(SUDEP),	three	of	accident/trauma,	two	
of	 sepsis,	 and	 one	 of	 suicide,	 status	 epilepticus,	 cardiac	
arrest,	laryngospasm,	and	sudden	death	(not	classified	as	
SUDEP).	The	incidence	of	SUDEP	among	participants	in	

this	study	is	consistent	with	other	similar	design	and	scale	
studies.20,23

4 	 | 	 DISCUSSION

Randomized	clinical	trials	are	the	gold	standard	for	dem-
onstrating	 safety	 and	 efficacy	 of	 new	 drugs.	 Open-	label	
studies,	however,	provide	additional	evidence	 for	how	a	
new	drug	will	perform	in	everyday	clinical	use	over	more	
extended	periods.13,17,24	Retention	rates	 reflect	a	balance	
between	efficacy	and	tolerability	and	can	be	a	good	proxy	
indicator	of	the	effectiveness	and	safety	of	new	ASMs	in	
real-	world	 use.13–	17  The	 clinical	 relevance	 of	 retention	
data	 contributed	 to	 the	 decision	 of	 the	 EMA	 to	 require	
long-	term	follow-	up	(1-	year	minimum)	and	retention	on	
therapy	as	evidence	of	clinical	effectiveness.18

Our	 analyses	 demonstrate	 high	 rates	 of	 retention	 on	
cenobamate	 during	 the	 clinical	 development	 program.	
An	 estimated	 80%	 remained	 on	 treatment	 at	 the	 end	 of	
1 year	and	72%	at	2 years.	Participants	discontinued	ceno-
bamate	 most	 often	 due	 to	 adverse	 events,	 the	 nature	 of	
which	are	habitually	seen	with	this	class	of	medication.	In	
the	pooled	population	following	24 months	of	treatment,	
29%	withdrew	from	the	studies	(Table	S2).	Lack	of	efficacy	
was	cited	as	 the	reason	 for	discontinuation	 in	only	7.7%	
of	participants.	In	the	combined	studies,	however,	efficacy	
was	not	monitored	in	the	majority	of	participants	and	it	is	
possible	that	a	proportion	of	participant-	initiated	discon-
tinuations	were	due	to	perceived	lack	of	efficacy.

F I G U R E  2  Kaplan-	Meier	estimates	of	time	to	discontinuation	of	open-	label	cenobamate	for	the	pooled	population.	Table	overlay	
shows	the	retention	results	from	individual	cenobamate	studies	as	well	as	pooled	data	at	1	and	2 years
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Comparing	 participant	 retention	 rates	 between	 ASM	
clinical	 trials	 can	 be	 challenging.	 Reasons	 include	 lack	
of	 head-	to-	head	 comparison	 studies	 and	 the	 broad	 time	
range	 over	 which	 they	 have	 been	 performed	 (over	 the	
last	 several	 decades).	 Several	 caveats	 also	 apply,	 includ-
ing	 differences	 in	 populations,	 differences	 in	 follow-	up	

length,	 varying	 numbers	 and	 identities	 of	 concomitant	
ASMs,	and	different	titration	rules.	Despite	these	factors,	
retention	rates	on	cenobamate	appear	to	be	comparable	to	
or	better	 than	rates	 reported	 for	ASMs	 in	pre-	marketing	
open-	label	extension	studies	conducted	as	part	of	respec-
tive	clinical	development	programs.20–	23,25–	27	Often,	when	

F I G U R E  3  Kaplan-	Meier	estimates	of	cenobamate	retention	rates	in	the	pooled	population	stratified	by:	(A)	modal	dose	of	cenobamate	
at	2 years	and	(B)	most	frequently	used	concomitant	ASMs	(10%	or	more	of	participants).	ASMs,	anti-	seizure	medications;	CNB,	cenobamate
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individuals	do	well	in	the	clinical	trials,	they	do	as	well	or	
better	in	the	post-	marketing	period.	Figure	4	presents	re-
tention	rate	data	from	multiple	long	term-	follow-	up	stud-
ies	performed	at	a	tertiary	care	center	in	the	UK	(National	
Hospital	 for	 Neurology	 and	 Neurosurgery	 at	 the	 Queen	
Square	 and	 Chalfont	 Centre	 sites).	 These	 studies	 were	
performed	following	market	approval	of	other	ASMs	(ga-
bapentin,	lacosamide,	lamotrigine,	levetiracetam,	peram-
panel,	pregabalin,	topiramate,	and	zonisamide)	with	up	to	
4 years	of	follow-	up.14,19,28–	31

Cenobamate	retention	rates	compare	favorably	to	rates	
reported	 for	 ASMs	 in	 post-	marketing	 studies.	 In	 review-
ing	retention	rates	reported	in	ASM	studies	from	a	histor-
ical	context,	retention	rates	trended	higher	over	the	years,	
possibly	due	to	improved	effectiveness	and	tolerability	as	
novel	drugs	are	developed.

A	strength	of	our	study	is	the	pooled	study	population	
followed,	allowing	further	evaluation	of	reasons	that	may	
affect	 retention,	 including	 modal	 dose	 and	 concomitant	
medication	 use.	 By	 stratifying	 the	 analyses	 according	 to	
the	 modal	 dose	 administered,	 we	 found	 high	 retention	
rates	across	 the	assigned	doses	of	cenobamate	 (100,	200,	

and	 400  mg).	 Higher	 doses	 were	 associated	 with	 greater	
retention	rates,	and	participants	taking	low	doses	of	ceno-
bamate	(<100 mg/day)	were	less	likely	to	remain.	All	three	
regulatory	 trials	 included	 titrations	 to	 	cenobamate	 doses	
≥100 mg/day.	Participants	in	the	<100 mg/day	cohort	in-
cluded	those	who	discontinued	during	the	titration	period;	
lower	 retention	 rates	 among	 those	 taking	 cenobamate	
<100 mg/day	could	potentially	be	attributed	to	insufficient	
treatment	response	and/or	poor	drug	tolerance	during	the	
titration	or	maintenance	phase.	In	one	study	of	retention	
rates	 for	 brivaracetam,	 participants	 who	 received	 sub-
therapeutic	 doses	 (<50  mg/day)	 were	 excluded	 from	 the	
analysis	to	avoid	incurring	a	bias	toward	a	shorter	overall	
retention	duration.24 We	included	the	lower	dose	of	ceno-
bamate	in	our	analysis	to	show	that	those	taking	100 mg/
day	or	more	of	cenobamate,	up	to	400 mg/day,	had	high	
retention	rates,	suggesting	favorable	tolerability	and	effec-
tive	seizure	control	at	recommended	doses.	Although	the	
onset	of	the	most	common	AEs	occurred	most	frequently	
during	 the	 titration	phase,	 the	AEs	were	mainly	mild	or	
moderate	 in	 severity.	 The	 slower	 titration	 strategy	 used	
in	 the	 open-	label	 safety	 study	 and	 the	 flexible	 dosing	 of	
concomitant	medications	during	cenobamate	titration	re-
duced	the	severity	of	AEs.32

The	present	analysis	was	not	designed	to	evaluate	drug	
interactions,	 but	 we	 stratified	 the	 retention	 analyses	 by	
the	most	frequently	used	ASMs	to	assess	how	other	drugs	
might	 influence	 whether	 participants	 would	 remain	 on	
cenobamate.	The	drugs	most	commonly	used	by	the	partic-
ipants	represent	various	classes	of	ASMs,	including	sodium	
channel	blockers,	benzodiazepines,	GABA	modulators,	and	
levetiracetam	(synaptic	vesicle	protein	2A	receptor	ligand).	
Retention	curves	stratified	by	ASMs	were	essentially	super-
imposable,	suggesting	that	the	effectiveness	and	tolerability	
of	 cenobamate	 is	 maintained	 regardless	 of	 which	 ASMs	
were	used	concomitantly.	Lowering	the	doses	of	concomi-
tant	ASMs	has	been	found	to	improve	tolerability	problems	
such	as	dizziness	or	sedation	and	may	also	increase	retention	
rates.	 Prescribing	 information	 includes	 recommendations	
for	 managing	 ASM	 dosing	 based	 on	 specific	 pharmacoki-
netic	and	metabolic	interactions	with	cenobamate.33

Retention	 was	 estimated	 from	 the	 start	 of	 the	 open-	
label	dosing	rather	than	from	the	beginning	of	active	ther-
apy,	and	this	is	a	limitation.	Omission	of	the	double-	blind	
phases	 of	 trials	 as	 a	 starting	 point	 can	 overestimate	 the	
actual	retention	rate,	since	participants	discontinuing	the	
study	before	the	open-	label	extension	were	excluded	from	
our	estimate.24 This	 is	not	expected	to	 impact	 the	actual	
retention	 rate	 estimate	 of	 cenobamate	 substantially	 for	
two	 reasons.	 First,	 the	 number	 of	 participants	 random-
ized	to	cenobamate	in	the	double-	blind	phases	of	the	two	
randomized	trials	represented	less	than	one-	fourth	of	the	
total	pooled	analysis	population.	Second,	the	numbers	of	

T A B L E  2 	 Summary	of	treatment-	emergent	adverse	events	
(TEAEs;	pooled	population)

n (%)
Cenobamate 
(N = 1844)

Participants	with	≥1 TEAEs	(by	severity) 1609	(87.3)

Mild 610	(33.1)

Moderate 788	(42.7)

Severe 211	(11.4)

TEAEs

Somnolence 519	(28.1)

Dizziness 509	(27.6)

Fatigue 310	(16.8)

Headache 273	(14.8)

Diplopia 156	(8.5)

Viral	upper	respiratory	tract	infection 149	(8.1)

Upper	respiratory	tract	infection 144	(7.8)

Nausea 137	(7.4)

Balance	disorder 115	(6.2)

Gait	disturbance 105	(5.7)

Fall 96	(5.2)

Seizure 94	(5.1)

Participants	with	≥1	treatment-	related	TEAE 1349	(73.2)

Participants	with	≥1 serious	TEAE 250	(13.6)

Note: TEAEs	were	adverse	events	with	onset	after	the	start	of	study	
medication	in	the	open-	label	extensions	or	in	the	open-	label	study,	up	to	
analysis	cutoff	date,	or	onset	before	study	medication	and	worsened	after	
starting	study	medication,	up	to	analysis	cutoff	date.
Abbreviation:	TEAEs,	treatment-	emergent	adverse	events.
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participants	discontinuing	from	active	cenobamate	in	the	
double-	blind	phases	were	relatively	low	(9.45%–	17.6%).10,11	
A	general	problem	with	retention	data	is	that	participants	
may	remain	on	the	study	drug	because	it	is	available	at	no	
cost,	and	product	approval	and	labeling	can	delay	contin-
ued	access.	Efficacy	was	tracked	in	only	one	of	the	three	
extension	studies,	so	retention	rate	is	a	used	as	a	proxy	in-
dicator	for	cenobamate	effectiveness.	Discontinuation	due	
to	withdrawal	of	consent	or	other	reasons	may	indicate	a	
lack	of	efficacy.	These	and	other	factors	not	unique	to	our	
study	(such	as	improved	access	to	care	or	physician	incen-
tives	to	keep	participants	on	the	study)	can	artificially	en-
hance	retention	rates	vs	those	observed	in	actual	clinical	
practice.16	Finally,	interpreting	any	incremental	effective-
ness	implied	by	retention	rates	observed	with	other	ASMs	
should	be	done	cautiously,	 given	differences	 in	method-
ologies,	population,	concomitant	medications,	and	times	
when	studies	were	conducted.

5 	 | 	 CONCLUSIONS

The	consistently	high	retention	rates	 in	 the	cenobamate	
open-	label	studies	provide	real-	world,	practical	evidence	
of	long-	term	effectiveness	and	tolerability,	suggesting	that	
it	 may	 be	 an	 effective	 and	 well-	tolerated	 new	 treatment	
option	for	drug-	resistant	focal	epilepsy.
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