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Abstract
Objective: To	estimate	the	timing	of	cannabidiol	(CBD)	treatment	effect	(seizure	
reduction	and	adverse	events	[AEs])	onset,	we	conducted	a	post	hoc	analysis	of	
GWPCARE6	(NCT02544763),	a	randomized,	placebo-	controlled,	phase	3	trial	in	
patients	with	drug-	resistant	epilepsy	associated	with	tuberous	sclerosis	complex	
(TSC).
Methods: Patients	received	plant-	derived	pharmaceutical	formulation	of	highly	
purified	CBD	(Epidiolex;	100 mg/ml	oral	solution)	at	25 mg/kg/day	(CBD25)	or	
50 mg/kg/day	(CBD50)	or	placebo	for	16 weeks	(4-	week	titration,	12-	week	main-
tenance).	Treatment	started	at	5 mg/kg/day	for	all	groups	and	reached	25 mg/kg/
day	on	Day	9	and	50 mg/kg/day	on	Day	29.	Percentage	change	from	baseline	in	
TSC-	associated	seizure	(countable	focal	or	generalized)	count	was	calculated	by	
cumulative	day	(i.e.,	including	all	previous	days).	Time	to	onset	and	resolution	of	
AEs	were	evaluated.
Results: Of	224	patients,	75	were	randomized	to	CBD25,	73	to	CBD50,	and	76	to	
placebo.	Median	(range)	age	was	11.3	(1.1–	56.8) years.	Patients	had	discontinued	
a	median	(range)	of	4	(0–	15)	antiseizure	medications	and	were	currently	taking	
3	(0–	5).	Difference	in	seizure	reduction	between	CBD	and	placebo	emerged	on	
Day	6	(titrated	dose,	15 mg/kg/day)	and	became	nominally	significant	(p < .049)	
by	 Day	 10.	 Separation	 between	 placebo	 and	 CBD	 in	≥50%	 responder	 rate	 also	
emerged	by	Day	10.	Onset	of	AEs	occurred	during	the	first	2 weeks	of	the	titra-
tion	period	in	61%	of	patients	(CBD25,	61%;	CBD50,	67%;	placebo,	54%).	In	pa-
tients	with	an	AE,	resolution	occurred	within	4 weeks	of	onset	in	42%	of	placebo	
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1 	 | 	 INTRODUCTION

Tuberous	 sclerosis	 complex	 (TSC)	 is	 a	 genetic	 disorder	
caused	primarily	by	mutations	in	tumor	suppressor	genes	
TSC1	 or	 TSC2,	 resulting	 in	 increased	 activation	 of	 the	
mechanistic	 target	of	 rapamycin	 (mTOR)	pathway,	with	
subsequent	excessive	cell	growth	and	proliferation.1–	4 TSC	
is	characterized	by	benign	hamartomas	in	multiple	organ	
systems,	especially	brain,	skin,	kidneys,	lungs,	heart,	and	
eyes.1–	3,5	Epilepsy	is	a	common	neurologic	manifestation,	
occurring	in	approximately	85%	of	patients	with	TSC.6–	10	
Onset	of	 seizures	usually	occurs	during	 the	 first	2 years	
of	 life	 and	 can	 persist	 lifelong,	 with	 multiple	 seizure	
types.6–	10  Patients	 often	 have	 infantile	 spasms	 and	 focal	
seizures	 as	 infants;	 however,	 as	 the	 disease	 progresses,	
they	 may	 experience	 other	 seizure	 types.8,11	 Early	 onset	
and	severe	epilepsy	are	associated	with	higher	rates	of	au-
tism	spectrum	disorder	and	intellectual	disability.12

Seizures	associated	with	TSC	are	currently	treated	with	
a	 range	 of	 antiseizure	 medications	 (ASMs),	 the	 mTOR	
pathway	 inhibitor	 everolimus,	 surgical	 procedures,	 and	
dietary	therapy.6,13	However,	despite	 these	treatment	op-
tions,	>60%	of	patients	with	TSC	have	treatment-	resistant	
epilepsy,11	 which	 can	 contribute	 to	 neurodevelopmental	
disabilities,	including	autism	spectrum	disorder	and	poor	
cognitive	 development,	 as	 well	 as	 status	 epilepticus	 and	
sudden	unexpected	death	in	epilepsy.9,10,13–	16

Highly	purified	add-	on	cannabidiol	(CBD)	is	approved	
as	Epidiolex	in	the	United	States	for	treatment	of	seizures	
associated	with	Lennox–	Gastaut	syndrome	(LGS),	Dravet	
syndrome	(DS),	or	TSC	in	patients	≥1 year	of	age	and	as	
Epidyolex	 in	 the	 UK	 and	 European	 Union	 in	 conjunc-
tion	with	clobazam	for	LGS	and	DS	in	patients	≥2 years	
of	age;	it	is	also	approved	for	TSC	in	patients	≥2 years	of	
age	 in	 the	 UK	 and	 the	 European	 Union.17,18	 In	 patients	
with	 medication-	resistant	 epilepsy	 associated	 with	 TSC,	
add-	on	 CBD	 produced	 significantly	 greater	 reduction	
than	 placebo	 in	 the	 number	 of	 TSC-	associated	 seizures	
and	had	an	acceptable	safety	profile	in	a	16-	week	(4-	week	
titration	and	12-	week	maintenance	period),	randomized,	
double-	blind,	 placebo-	controlled,	 multicenter	 phase	 3	

trial	 (GWPCARE6).19  The	 effect	 of	 CBD	 treatment	 has	
been	 shown	 to	 start	 early—	within	 2	 weeks	 of	 starting	
treatment—	in	 clinical	 trials	 of	 patients	 with	 LGS	 and	
DS.20,21 To	assess	whether	early	onset	of	treatment	effect	
was	also	observed	in	patients	with	TSC,	we	used	the	data	
from	GWPCARE6	to	evaluate	by-	day	cumulative	seizure	
reduction	 and	 incidence	 of	 adverse	 events	 (AEs),	 start-
ing	from	the	first	day	of	 titration.	This	analysis	provides	
a	more	specific	assessment	of	 the	timing	of	onset	of	 the	
CBD	treatment	effect	in	terms	of	both	efficacy	and	AEs.

2 	 | 	 MATERIALS AND METHODS

This	was	a	post	hoc	analysis	of	an	international,	double-	
blind,	randomized,	parallel-	group	phase	3	trial	of	add-	on	
CBD	 versus	 placebo	 in	 patients	 with	 TSC	 and	 drug-	
resistant	 epilepsy	 (GWPCARE6;	 NCT02544763).	 Trial	
design	 and	 patient	 eligibility	 criteria	 were	 published	
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and	27%	of	CBD	patients	and	by	end	of	trial	in	78%	of	placebo	and	51%	of	CBD	
patients.
Significance: Onset	of	 treatment	effect	occurred	within	6–	10 days.	AEs	lasted	
longer	for	CBD	than	placebo,	but	the	most	common	(diarrhea,	decreased	appe-
tite,	and	somnolence)	resolved	during	the	16-	week	trial	in	most	patients.

K E Y W O R D S
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tuberous	sclerosis	complex

Key Points
•	 This	 post	 hoc	 analysis	 assessed	 the	 timing	 of	

CBD	 treatment	 effect	 onset	 in	 patients	 with	
TSC-	associated	epilepsy	from	the	GWPCARE6	
trial

•	 Patients	 received	 placebo	 or	 CBD,	 titrated	 up	
to	25 mg/kg/day	or	50 mg/kg/day;	all	patients	
reached	the	25-	mg	dose	on	Day	9

•	 Greater	reduction	in	seizures	with	CBD	versus	
placebo	 emerged	 by	 Day	 6	 (nominal	 signifi-
cance	by	Day	10)	and	was	maintained	through	
the	trial

•	 Onset	of	AEs	occurred	within	2 weeks	of	start-
ing	 treatment	 in	 64%	 of	 patients	 on	 CBD	 and	
54%	on	placebo

•	 AEs	resolved	by	trial	end	in	most	patients	with	
diarrhea	 (88%),	 decreased	 appetite	 (83%),	 and	
somnolence	(69%)—the	most	frequent	AEs
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previously.19	Briefly,	the	trial	comprised	a	4-	week	base-
line	period	followed	by	a	16-	week	treatment	time,	which	
included	 4  weeks	 of	 dose	 escalation	 (titration	 period)	
and	12 weeks	of	stable	dosing	(maintenance	period).	At	
the	end	of	the	treatment	period,	dosage	was	tapered	over	
10 days,	followed	by	a	4-	week	safety	follow-	up.	Patients	
who	 completed	 the	 blinded	 phase	 of	 the	 trial	 could	
continue	 to	 the	 open-	label	 extension	 phase.22  Patients	
were	eligible	to	enroll	 if	 they	were	1–	65 years	old,	had	
a	definite	clinical	diagnosis	of	TSC	with	drug-	resistant	
epilepsy,	had	at	least	eight TSC-	associated	seizures	dur-
ing	the	4-	week	baseline	period	with	at	least	one seizure	
occurring	in	at	 least	3	of	the	4 weeks,	and	were	taking	
at	least	one	ASM.	One	important	exclusionary	criterion	
was	the	use	of	an	mTOR	inhibitor	such	as	everolimus	or	
sirolimus.

Eligible	patients	were	randomly	assigned	to	receive	a	
pharmaceutical	 formulation	 of	 highly	 purified	 CBD	 de-
rived	 from	Cannabis sativa	L.	 (100 mg/ml	oral	 solution;	
Epidiolex	 in	 the	 United	 States;	 Epidyolex	 in	 the	 UK,	
Northern	 Ireland,	 European	 Union,	 and	 Australia;	 GW	
Research,	Cambridge,	UK)	at	25 mg/kg/day	 (CBD25)	or	
50  mg/kg/day	 (CBD50)	 or	 matched	 placebo.	 Trial	 med-
ication	 was	 taken	 twice	 daily	 in	 equally	 divided	 doses.	
Patients	 started	 treatment	at	5 mg/kg/day	with	 the	dose	
increasing	by	5 mg/kg	every	2 days	until	it	reached	25 mg/
kg/day	 on	 Day	 9	 for	 patients	 in	 both	 CBD	 dose	 groups.	
Dose	escalation	then	slowed	to	an	increase	of	2.5 mg/kg	
every	other	day	until	the	final	maximum	dose	of	50 mg/
kg/day	was	reached	on	Day	29	for	patients	in	the	CBD50	
dose	group	only	(Figure	S1).

Patients	or	 their	caregivers	 recorded	 the	number	and	
type	of	seizures	daily	using	an	interactive	voice-	response	
system	 and	 recorded	 AEs	 and	 concomitant	 medications	
using	a	paper	diary.	Efficacy	was	evaluated	as	the	change	
from	baseline	in	the	number	of	TSC-	associated	seizures	in	
patients	 taking	 CBD	 versus	 placebo	 during	 the	 16-	week	
treatment	 period.	 For	 this	 trial,	 TSC-	associated	 seizures	
were	 defined	 as	 countable	 focal	 motor	 seizures	 without	
impairment	 of	 awareness,	 focal	 seizures	 with	 impair-
ment	 of	 awareness,	 focal	 seizures	 evolving	 to	 bilateral	
motor	 seizures,	 and	 generalized	 seizures	 (tonic–	clonic,	
tonic,	clonic,	or	atonic).	This	functional	definition	of	TSC-	
associated	seizures	was	reviewed	and	approved	by	the	US	
Food	and	Drug	Administration,	the	European	Medicines	
Agency,	and	the	Epilepsy	Study	Consortium	independent	
committee	of	experts.	TSC-	associated	seizures	did	not	in-
clude	absence,	myoclonic,	and	focal	sensory	seizures,	and	
infantile/epileptic	 spasms.	 On	 average,	 94%	 of	 patients'	
seizures	 at	 baseline	 of	 this	 trial	 were	 TSC-	associated	
seizures.19

Negative	 binomial	 regression	 on	 the	 sum	 of	 the	 sei-
zure	 counts	 during	 the	 treatment	 period	 was	 used	 to	

evaluate	the	change	from	baseline	in	TSC-	associated	sei-
zures	during	the	titration	period	and	for	Weeks	1–	4,	5–	8,	
and	 9–	12	 of	 the	 maintenance	 period,	 and	 has	 been	 de-
scribed	previously.19	Here,	we	report	 results	of	 the	anal-
yses	 evaluating	 a	 more	 precise	 timing	 (by	 day)	 of	 onset	
of	 CBD	 antiseizure	 effect.	 Negative	 binomial	 regression	
analysis	 was	 used	 to	 calculate	 the	 percentage	 reduction	
in	cumulative	TSC-	associated	seizure	count	for	each	day	
(i.e.,	 including	 all	 previous	 treatment	 days)	 of	 the	 treat-
ment	period,	starting	with	Day	1,	for	both	doses	of	CBD	
and	placebo.	Percentage	of	patients	with	≥50%	reduction	
from	 baseline	 in	 the	 number	 of	TSC-	associated	 seizures	
during	 the	 treatment	period	by	cumulative	day	was	also	
measured.	 Efficacy	 outcomes	 (percentage	 reduction	 in	
TSC-	associated	seizures	and	≥50%	responder	rate)	are	also	
presented	for	pooled	CBD25	and	CBD50	treatment	groups	
for	up	to	Day	11	of	the	titration	period,	when	both	groups	
were	at	25-	mg/kg/day	dosage.	Nominal	p	values	for	com-
parison	 between	 placebo	 and	 pooled	 CBD	 groups	 were	
evaluated	for	each	cumulative	day;	however,	to	avoid	mul-
tiplicity	associated	with	post	hoc	analyses,	the	nominal	p	
value	is	reported	only	for	the	reduction	in	TSC-	associated	
seizures	 with	 CBD	 versus	 placebo.	 All	 randomized	 pa-
tients	who	received	at	 least	one	dose	of	 trial	medication	
and	 had	 postbaseline	 efficacy	 data	 were	 included	 in	 the	
analyses.

To	explore	the	effect	of	CBD	using	a	measure	that	also	
accounts	for	the	severity	of	the	different	seizure	types,	we	
evaluated	 the	 percentage	 reduction	 in	 composite	 focal	
seizure	score	by	cumulative	days.	For	calculation	of	com-
posite	 focal	 seizure	 score,	 the	 focal	 seizure	 types	 were	
weighted	based	on	the	severity;	focal	seizures	with	impair-
ment	of	awareness	and	focal	seizures	evolving	to	bilateral	
convulsive	seizures	were	weighted	greater	than	the	focal	
motor	seizures	without	impairment	of	awareness,	as	they	
are	 more	 likely	 to	 be	 associated	 with	 accidental	 trauma	
and	 sudden	 unexpected	 death	 in	 epilepsy.23	 Composite	
focal	 seizure	 score	 was	 then	 calculated	 as	 the	 sum	 of	
(1 × the	number	of	focal	motor	seizures	without	impair-
ment	 of	 awareness),	 (2  ×  the	 number	 of	 focal	 seizures	
with	impairment	of	awareness),	and	(3 × the	number	of	
focal	seizures	evolving	to	bilateral	convulsive	seizures).

To	 assess	 the	 timing	 of	 treatment-	emergent	 AEs,	 we	
evaluated	 incidence	 of	 AEs	 during	 the	 4-	week	 titration	
period	and	 for	Weeks	1–	4,	5–	8,	and	9–	12	of	 the	mainte-
nance	period.	The	time	to	first	onset	of	an	AE	was	calcu-
lated	as	the	start	date	of	an	AE	minus	the	date	of	the	first	
dose	of	CBD	or	placebo	plus	1.	Time	to	first	event	analysis	
by	day	was	also	conducted	for	the	most	frequent	AEs	of	
special	interest.	Time	to	resolution	of	AEs	was	categorized	
as	 the	 incidence	of	AEs	 that	resolved	within	4 weeks	of	
onset,	 resolved	 >4  weeks	 after	 onset,	 or	 were	 ongoing	
at	 the	 end	 of	 treatment.	The	 time	 to	 AE	 resolution	 was	
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calculated	as	the	stop	date	of	an	AE	minus	the	start	date	
of	an	AE	plus	1.	All	patients	who	received	at	least	one	dose	
of	 trial	 medication	 were	 included	 in	 the	 safety	 analysis	
set.	Samples	to	evaluate	changes	in	the	levels	of	liver	en-
zymes	alanine	aminotransferase	(ALT)	and	aspartate	ami-
notransferase	(AST)	were	collected	on	Day	1	(before	first	
dose	of	trial	medication),	on	Days	15,	29,	43,	57,	and	85,	
and	at	the	end	of	treatment.	This	trial	was	conducted	with	
Epidiolex/Epidyolex,	 and	 results	 do	 not	 apply	 to	 other	
CBD-	containing	products.

3 	 | 	 RESULTS

3.1	 |	 Patients

Of	 224	 patients	 enrolled	 in	 the	 trial,	 75	 were	 randomly	
assigned	 to	 CBD25,	 73	 to	 CBD50,	 and	 76	 to	 placebo.	 At	
the	end	of	treatment,	65	patients	(87%)	on	CBD25	and	39	
(53%)	on	CBD	50	reached	or	 remained	at	 their	assigned	
dosage.	 Twenty-	three	 patients	 (10	 [13%]	 on	 CBD25,	 12	
[16%]	on	CBD50,	and	one	[1%]	on	placebo)	withdrew	from	
the	trial,	with	AEs	as	 the	most	common	primary	reason	
for	withdrawal	(eight	patients	[11%]	taking	CBD25,	eight	
[11%]	 taking	CBD50,	and	none	taking	placebo).	Overall,	
201  patients	 (65	 [87%]	 taking	 CBD25,	 61	 [84%]	 taking	
CBD50,	and	75	[99%]	taking	placebo)	completed	the	treat-
ment,	and	199	of	these	patients	(99.0%)	continued	to	the	
open-	label	extension	phase.

Baseline	 characteristics	 were	 similar	 between	 the	
treatment	groups	(Table	1).	The	median	(range)	age	of	pa-
tients	was	11.3 years	(1.1–	56.8),	and	74%	of	patients	were	
<18 years	of	age.	Most	of	 the	patients	were	male	 (58%),	
White	(90%),	and	were	taking	a	median	(range)	of	3	(0–	5)	
ASMs	at	baseline	and	had	tried	and	discontinued	4	(0–	15);	
the	most	frequently	used	ASMs	at	baseline	were	valproate	
(45%),	 vigabatrin	 (33%),	 levetiracetam	 (29%),	 and	 cloba-
zam	 (27%).	 Patients	 had	 a	 median	 (first	 quartile,	 third	
quartile)	 of	 57	 (28,	 107)	 TSC-	associated	 seizures	 during	
the	4-	week	baseline	period.

3.2	 |	 Efficacy

A	 greater	 percentage	 reduction	 in	 the	 number	 of	 TSC-	
associated	 seizures	 with	 CBD	 than	 placebo	 was	 first	
observed	during	the	titration	period,	with	37%	(95%	con-
fidence	 interval	 [CI]	 =	 28%–	44%)	 reduction	 from	 base-
line	 observed	 for	 CBD25,	 36%	 (95%	 CI	 =	 27%–	43%)	 for	
CBD50,	and	18%	(95%	CI	=	8%–	27%)	for	placebo	during	
the	4-	week	titration	period.19	In	the	analysis	by	cumula-
tive	 days,	 difference	 in	 seizure	 reduction	 between	 pla-
cebo	and	CBD	emerged	by	Day	6	(at	15 mg/kg/day)	and	

reached	significance	by	Day	10	(at	25 mg/kg/day,	nominal	
p = .049);	the	reduction	in	seizure	count	was	maintained	
throughout	 the	 treatment	 period	 (Figure	 1A).	 More	 pa-
tients	taking	CBD	had	≥50%	reduction	in	TSC-	associated	
seizure	 count	 than	 those	 taking	 placebo,	 and	 the	 differ-
ence	emerged	as	early	as	Day	10	of	the	titration	period	and	
was	maintained	throughout	the	treatment	period	(Figure	
1B).

The	early	onset	of	the	CBD	antiseizure	effect	was	also	
observed	 for	 the	 composite	 focal	 seizure	 score,	 with	 the	
difference	between	CBD	and	placebo	emerging	during	the	
first	week	of	titration	(Figure	2).	By	the	end	of	the	treat-
ment	period,	percentage	reductions	(95%	CI)	in	composite	
focal	seizure	scores	were	52%	(42%–	60%)	for	CBD25,	50%	
(41%–	58%)	for	CBD50,	and	32%	(20%–	43%)	for	placebo.

3.3	 |	 Safety

Treatment-	emergent	 AEs	 were	 reported	 in	 70	 patients	
(93%)	 taking	 CBD25,	 73	 patients	 (100%)	 taking	 CBD50,	
and	 72	 patients	 (95%)	 taking	 placebo.	 Eighteen	 patients	
(12%)	 taking	 CBD	 permanently	 discontinued	 treatment	
because	of	an	AE	compared	with	two patients	(3%)	on	pla-
cebo.	The	most	common	AEs	leading	to	discontinuation	
were	rash	(four patients	[3%]	in	the	CBD	group)	and	ALT	
level	elevations,	somnolence,	and	urticaria	(two	patients	
[1%]	each	in	the	CBD	group).	There	were	no	deaths	during	
the	trial.	The	most	frequently	reported	AEs	were	diarrhea	
in	43%	of	patients	taking	CBD	versus	25%	taking	placebo,	
decreased	appetite	in	22%	of	patients	taking	CBD	versus	
12%	 taking	 placebo,	 and	 somnolence	 in	 20%	 of	 patients	
taking	CBD	versus	9%	taking	placebo.

Most	patients	first	reported	an	AE	during	the	titration	
period,	with	64%	of	patients	taking	CBD	and	54%	taking	
placebo	reporting	an	AE	within	2 weeks	of	starting	treat-
ment	(Figure	3).	The	number	of	patients	reporting	onset	
of	an	AE	decreased	as	 treatment	progressed	(Figure	3).	
In	 the	 time-	to-	first-	event	 analysis,	 clear	 separation	 in	
onset	 of	 diarrhea	 between	 placebo	 and	 CBD	 emerged	
by	Day	10	of	titration,	when	patients	were	at	the	25-	mg/
kg/day	 dosage	 (Figure	 4A).	 Most	 patients	 reported	 the	
first	occurrence	of	decreased	appetite	(Figure	4B)	within	
40 days	and	the	first	occurrence	of	somnolence	or	seda-
tion	(Figure	4C)	within	20 days	of	starting	CBD	or	pla-
cebo	treatment.

Overall,	AEs	resolved	within	4 weeks	of	onset	in	30%	
of	patients	and	before	the	end	of	the	16-	week	trial	in	58%	
of	patients	(Figure	5).	Of	the	patients	reporting	the	most	
common	 AEs	 of	 diarrhea,	 decreased	 appetite,	 and	 som-
nolence,	 events	 resolved	 within	 4  weeks	 in	 41%–	64%	 of	
patients	and	by	the	end	of	the	trial	in	69%–	88%	of	patients	
(Figure	5).



   | 5WU et al.

On	the	basis	of	laboratory	investigation	of	liver	trans-
aminase	levels,	elevation	in	ALT	or	AST	(>3×	upper	limit	
of	 normal)	 occurred	 in	 nine	 of	 75	 (12%)	 patients	 taking	
CBD25	and	19	of	73	(26%)	patients	taking	CBD50;	no	pa-
tient	 taking	 placebo	 had	 increased	 transaminase	 levels	
>3×	upper	limit	of	normal	(Table	S1).	Of	the	28	patients	
with	elevations,	22	(79%)	were	on	concomitant	valproate.	
Elevations	in	most	patients	(67%	of	patients	taking	CBD25	
and	74%	taking	CBD50)	occurred	within	30 days	of	start-
ing	treatment.	No	patient	met	the	standard	criteria	for	se-
vere	drug-	induced	liver	injury	(Hy's	law).	Elevated	ALT/

AST	 levels	 resolved	 in	 all	 patients:	 spontaneously	 in	 13	
patients,	after	discontinuation	from	trial	in	five	patients,	
and	after	CBD	or	ASM	dose	reduction	in	10	patients.

4 	 | 	 DISCUSSION

This	post	hoc	analysis	of	efficacy	and	safety	data	 from	a	
randomized	placebo-	controlled	trial	of	add-	on	CBD	in	pa-
tients	with	TSC	was	conducted	to	evaluate	a	more	precise	
timing	of	the	CBD	treatment	effect.	Difference	in	seizure	

Characteristic
Placebo, 
n = 76 CBD25, n = 75

CBD50, 
n = 73

Age,	years,	median	(range) 10.9	(1.2–	55.8) 11.6	(1.1–	56.8) 10.2	(1.8–	34.9)

Sex,	n	(%)

Female 31	(41) 32	(43) 30	(41)

Male 45	(59) 43	(57) 43	(59)

Number	of	ASMs,	median	(range)

Prior 4	(0–	15) 4	(0–	13) 4	(0–	13)

Currenta 3	(1–	5) 3	(0–	4) 3	(1–	5)

Current	ASMs	[>20%],	n	(%)

Valproate 35	(46) 29	(39) 36	(49)

Vigabatrin 17	(22) 28	(37) 29	(40)

Levetiracetam 24	(32) 19	(25) 22	(30)

Clobazam 25	(33) 17	(23) 19	(26)

Number	of	TSC-	associated	
seizures	during	the	28-	day	
baseline	period,	median	(Q1,	
Q3)b

54	(26,	102) 56	(21,	101) 61	(36,	117)

Composite	focal	seizure	score	
during	the	28-	day	baseline	
period,	median	(Q1,	Q3)c

75	(33,	164) 87	(37,	190) 92	(49,	217)

Focal	seizure	types,	n	(%)

Focal	seizures	without	
impaired	awareness

33	(43) 29	(39) 39	(53)

Focal	seizures	with	impaired	
awareness

50	(66) 46	(61) 54	(74)

Focal	to	bilateral	motor	
seizures

24	(32) 17	(23) 24	(33)

Abbreviations:	ASM,	antiseizure	medication;	CBD25,	cannabidiol	25 mg/kg/day;	CBD50,	cannabidiol	
50 mg/kg/day;	Q1,	first	quartile;	Q3,	third	quartile;	TSC,	tuberous	sclerosis	complex.
aOne	patient	was	on	no	concomitant	medications	during	the	trial.	This	patient	had	previously	
discontinued	five	other	ASMs,	with	the	last	one	stopped	6 months	prior	to	enrolling	in	GWPCARE6.	
At	the	time	of	enrollment,	the	protocol	did	not	explicitly	state	that	patients	had	to	be	taking	at	least	
one ASM,	but	the	protocol	was	subsequently	amended	to	clarify	this.
bTSC-	associated	seizures	for	this	trial	were	defined	as	countable	focal	motor	seizures	without	impairment	
of	awareness,	focal	seizures	with	impairment	of	awareness,	focal	seizures	evolving	to	bilateral	motor	
seizures,	and	generalized	seizures	(tonic–	clonic,	tonic,	clonic,	or	atonic);	they	did	not	include	absence,	
myoclonic,	and	focal	sensory	seizures,	and	infantile/epileptic	spasms.
cComposite	focal	seizure	score	was	calculated	as	the	sum	of	(1 × the	number	of	focal	motor	seizures	
without	impairment	of	awareness),	(2 × the	number	of	focal	seizures	with	impairment	of	awareness),	and	
(3 × the	number	of	focal	seizures	evolving	to	bilateral	convulsive	seizures).

T A B L E  1 	 Demographics	and	clinical	
characteristics	of	patients	at	baseline
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reduction	 between	 placebo	 and	 CBD	 emerged	 by	 Day	 6	
(both	 CBD	 dose	 groups	 at	 15  mg/kg/day)	 and	 reached	
nominal	 significance	 by	 Day	 10	 (both	 groups	 at	 25  mg/
kg/day);	difference	in	≥50%	responder	rates	was	also	ob-
served	by	Day	10.	Thus,	our	results	suggest	that	the	CBD	
treatment	effect	may	occur	as	early	as	within	6–	10 days	of	
titration	and	at	doses	lower	than	25 mg/kg/day.	However,	
the	rapid	uptitration	makes	 it	difficult	 to	ascertain	what	
the	response	would	have	been	if	patients	had	stayed	on	a	
dose	<25 mg/kg/day.

The	 early	 onset	 of	 antiseizure	 effect	 is	 important	 be-
cause	 a	 faster	 onset	 can	 improve	 patient	 perception,	

potentially	leading	to	better	treatment	adherence,	may	re-
duce	the	risk	of	preventable	seizure-	related	injuries	more	
quickly	after	treatment	initiation,	and	allows	for	a	faster	
decision	 on	 whether	 to	 continue	 or	 switch	 treatments.	
However,	percentage	reduction	 in	seizure	count	and	the	
proportion	of	≥50%	responders	continued	to	increase	over	
the	full	treatment	period	of	the	trial,	suggesting	that	some	
patients	who	do	not	have	an	early	response	may	still	ben-
efit	later	during	the	treatment.

ASMs	are	the	most	common	treatment	for	seizures	as-
sociated	with	TSC;	of	the	patients	who	receive	treatment	
for	epilepsy,	>99%	have	been	prescribed	ASMs,	and	more	

F I G U R E  1  Efficacy	outcomes.	(A)	Cumulative	percentage	reduction	from	baseline	in	the	number	of	tuberous	sclerosis	complex	
(TSC)-	associated	seizures	by	day	and	(B)	percentage	of	patients	with	≥50%	reduction	in	TSC-	associated	seizures	by	day.	Primary	endpoint	
seizures	included	all	countable	focal	motor	seizures	without	impairment	of	awareness,	focal	seizures	with	impairment	of	awareness,	
focal	seizures	evolving	to	bilateral	motor	seizures,	and	generalized	seizures	(tonic–	clonic,	tonic,	clonic,	or	atonic);	they	excluded	absence,	
myoclonic,	focal	sensory,	and	infantile/epileptic	spasms.	The	dotted	line	for	each	dose	group	represents	the	data	until	Day	11,	when	all	
patients	were	receiving	the	same	dose	of	the	trial	drug,	reflecting	small	variations	in	response	not	attributable	to	difference	in	dosage.	All	
CBD,	represented	by	the	purple	line,	shows	combined	data	for	both	CBD	groups	up	to	Day	11,	after	which	patients	in	the	CBD25	dose	
group	remained	on	25 mg/kg/day	and	those	in	the	CBD50	dose	group	continued	titration	up	to	50 mg/kg/day.	CBD,	cannabidiol;	CBD25,	
cannabidiol	25 mg/kg/day;	CBD50,	cannabidiol	50 mg/kg/day;	TSC,	tuberous	sclerosis	complex
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than	half	of	these	patients	have	tried	at	least	three	distinct	
ASMs.24	 However,	 limited	 data	 are	 available	 for	 time	 to	
onset	of	treatment	effect	for	most	ASMs	in	TSC.	For	the	
mTOR	 pathway	 inhibitor	 everolimus,	 time-	dependent	
increase	 in	 seizure	 reduction	 was	 observed,	 with	 longer	
exposure	needed	for	greater	antiseizure	effect.25,26 The	an-
tiseizure	effect	of	vigabatrin,	one	of	 the	most	 frequently	
used	medications	for	TSC-	associated	seizures,27 has	been	
observed	within	1 week	of	starting	treatment	in	children	
with	infantile	spasms	with	or	without	TSC.28,29	Both	viga-
batrin30	and	CBD31	reach	steady	state	after	approximately	
2  days,	 supporting	 their	 early	 onset	 of	 treatment	 effect.	
The	early	onset	of	CBD's	treatment	effect	in	terms	of	ef-
ficacy	was	also	observed	in	clinical	trials	of	patients	with	
LGS	 and	 DS,20,21	 during	 which	 a	 significant	 difference	
in	 seizure	 reduction	 between	 placebo	 and	 CBD	 was	 ob-
served	within	2 weeks	of	starting	treatment,	demonstrat-
ing	 a	 consistent	 effect	 of	 CBD	 treatment	 across	 several	
treatment-	resistant	epilepsies.

Similar	 to	 efficacy	 results,	 timing	 for	 onset	 of	 AEs	
also	supports	a	relatively	fast	CBD	treatment	effect.	More	
than	60%	of	patients	receiving	CBD	reported	AEs	within	
2 weeks	of	starting	treatment.	Most	patients	who	experi-
enced	diarrhea,	decreased	appetite,	and	somnolence	(the	
most	 frequently	 reported	 AEs	 with	 CBD)	 had	 the	 first	
incidence	during	the	titration	period.	The	most	common	
AEs—	diarrhea,	 decreased	 appetite,	 and	 somnolence—	
typically	 resolved	 during	 the	 trial	 (>68%	 of	 cases)	 and	
often	 within	 4  weeks	 (>40%	 of	 cases).	 Early	 onset	 and	
resolution	of	AEs	 suggest	 that	 some	AEs	occurred	early	
when	 patients	 were	 adapting	 to	 treatment	 and	 resolved	
as	patients	became	habituated.	Additionally,	it	is	possible	
that	because	the	AEs	that	occurred	in	most	patients	(88%)	
were	of	mild	or	moderate	severity,19	they	were	less	likely	
to	be	reported	later	during	the	trial.

A	dose-	dependent	increase	in	levels	of	ALT/AST	was	
observed	in	12%	of	patients	taking	CBD25	and	in	26%	of	
patients	taking	CBD50	during	the	trial	and	tended	to	occur	

F I G U R E  2  Cumulative	percentage	reduction	from	baseline	in	focal	composite	seizure	score	by	day.	Composite	focal	seizure	score	was	
calculated	as	the	sum	of	(1 × the	number	of	focal	motor	seizures	without	impairment	of	awareness),	(2 × the	number	of	focal	seizures	with	
impairment	of	awareness),	and	(3 × the	number	of	focal	seizures	evolving	to	bilateral	convulsive	seizures).	CBD25,	cannabidiol	25 mg/kg/
day;	CBD50,	cannabidiol	50 mg/kg/day

F I G U R E  3  Adverse	events	by	time	
of	onset.	If	a	patient	had	more	than	
one	occurrence	of	an	AE,	only	the	first	
occurrence	of	that	AE	was	counted.	
The	percentages	of	patients	are	based	
on	the	number	of	patients	in	the	safety	
analysis	set	who	had	a	visit	or	follow-	up	
call	within	each	time	period.	AE,	adverse	
event;	CBD25,	cannabidiol	25 mg/kg/day;	
CBD50,	cannabidiol	50 mg/kg/day
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F I G U R E  4  Time	to	first	occurrence	of	the	three	most	common	adverse	events:	(A)	diarrhea,	(B)	decreased	appetite,	and	(C)	somnolence	
or	sedation.	Somnolence	and	sedation	also	include	the	preferred	terms	fatigue,	lethargy,	asthenia,	and	malaise.	CBD,	cannabidiol;	CBD25,	
cannabidiol	25 mg/kg/day;	CBD50,	cannabidiol	50 mg/kg/day
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early	in	treatment.	Consistent	with	prior	reports,32–	35 most	
patients	(79%)	with	elevation	in	transaminase	levels	in	this	
trial	 were	 also	 taking	 concomitant	 valproate.	 Although	
precise	timing	for	the	elevations	could	not	be	determined	
because	the	testing	did	not	start	until	Day	15,	71%	of	pa-
tients	 with	 an	 elevation	 experienced	 it	 during	 the	 first	
30  days	 of	 treatment.	 All	 cases	 of	 ALT/AST	 elevations	
resolved,	 spontaneously	 in	 most	 patients	 (46%),	 or	 after	
ASM	dose	 reduction	 (36%)	or	 treatment	discontinuation	
(18%)	in	others.

Our	study	has	limitations.	Because	this	was	a	post	hoc	
analysis,	 the	 interpretability	 and	 generalizability	 of	 the	
results	are	limited.	Although	a	nominally	significant	dif-
ference	was	observed	in	the	antiseizure	effect	of	placebo	
and	CBD	during	the	early	time	points,	it	may	not	prove	to	
be	statistically	significant	in	a	prospectively	designed	trial.	
However,	early	treatment	effect	is	supported	by	data	from	
CBD	trials	 in	patients	with	LGS	and	DS.20,21 The	results	
of	this	analysis	may	differ	from	real-	world	use	and	for	in-
dividual	 patients.	 Compared	 with	 what	 is	 prescribed	 in	
the	US	label,17	the	initial	dose	escalation	in	this	trial	was	
faster,	which	may	have	led	to	a	relatively	faster	response.	
In	clinical	practice,	 clinicians	may	need	 to	 individualize	
the	titration	schedule	for	patients	to	balance	efficacy	and	
AEs.	A	delayed	response	may	also	occur	in	some	patients	
because	of	their	daily	seizure	frequency	or	other	disease	
characteristics.

5 	 | 	 CONCLUSIONS

Results	of	this	post	hoc	analysis	of	data	from	GWPCARE6,	
a	randomized,	controlled	phase	3	trial	of	add-	on	CBD	in	
patients	with	TSC,	demonstrate	that	the	antiseizure	effect	
of	CBD	emerged	within	6–	10 days	of	starting	treatment.	
Onset	of	AEs	was	most	frequent	during	the	first	2 weeks	
of	 the	 titration	period,	and	 the	majority	of	AEs	resolved	
during	the	16-	week	treatment	period.	Overall,	our	results	

suggest	 that	 the	CBD	treatment	effect	may	occur	within	
2 weeks	of	starting	treatment.
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