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Abstract
Objective: To estimate time to onset of cannabidiol (CBD) treatment effect (seizure 
reduction and adverse events [AEs]), we conducted post hoc analyses of data from 
two randomized, placebo-controlled, Phase 3 trials, GWPCARE3 (NCT02224560) 
and GWPCARE4 (NCT02224690), of patients with Lennox–Gastaut syndrome.
Methods: Patients received plant-derived pharmaceutical formulation of highly puri-
fied CBD (Epidiolex, 100 mg/ml oral solution) at 10 mg/kg/day (CBD10; GWPCARE3) 
or 20 mg/kg/day (CBD20; both trials) or placebo for 14 weeks. Treatment started at 
2.5 mg/kg/day for all groups and reached 10 mg/kg/day on Day 7 and 20 mg/kg/day 
(CBD20 and matching placebo only) on Day 11. Percentage change from baseline in 
drop seizure frequency was calculated by cumulative day (i.e., including all previous 
days). Time to onset and resolution of AEs were evaluated.
Results: Overall, 235 patients received CBD (CBD10 [GWPCARE3 only], n = 67; 
CBD20 [pooled GWPCARE3&4], n = 168) and 161 received placebo. Mean (range) 
age was 15.3 years (2.6–48.0). Patients had previously discontinued a median (range) 
of six (0–28) antiepileptic drugs (AEDs) and were currently taking a median of three 
(0–5) AEDs. Differences in drop seizure reduction between placebo and CBD emerged 
during the titration period and became nominally significant by Day 6 (p = .008) for 
pooled CBD treatment groups. Separation between placebo and CBD in ≥50% re-
sponder rate emerged by Day 6. Onset of the first reported AE occurred during the 
titration period in 45% of patients (CBD10, 46%; CBD20, 52%; placebo, 38%). In 
patients with AEs, resolution occurred within 4 weeks of onset in 53% of placebo and 
39% of CBD patients and by end of study in 63% of placebo and 61% of CBD patients.
Significance: Treatment effect (efficacy and AEs) of CBD may occur within 1 week 
of starting treatment. Although AEs lasted longer for CBD than placebo, most re-
solved within the 14-week period.
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1  |   INTRODUCTION

Lennox–Gastaut syndrome (LGS) is a severe developmental 
epileptic encephalopathy, with a reported prevalence rate of 
1%–5% of all childhood epilepsies.1–5 The onset is typically 
between the ages of 1 and 7 years, most commonly between 
3 and 5 years.6,7 Seizures associated with LGS are treatment 
resistant in more than 90% of cases.6 The disease is charac-
terized by multiple types of seizures, including tonic, atonic, 
and atypical absence seizures, and an abnormal electroen-
cephalogram (EEG) consisting primarily of interictal diffuse, 
slow spike–wave complexes at less than 2.5 Hz, occurring 
during wakefulness, and fast rhythms in sleep.6,7 Cognitive 
impairment is present in an estimated 20%–60% of patients at 
the time of diagnosis and becomes more apparent over time, 
with more than 90% of patients showing moderate to severe 
cognitive impairment and intellectual disability by adult-
hood.8,9 Additionally, many patients may develop psychiatric 
and behavioral disorders as the disease progresses.10 Patients 
with LGS have a high potential for injury caused by drop 
attacks from tonic and atonic seizures,3 and the generalized 
tonic–clonic seizures (present in LGS) are associated with an 
increased risk of sudden unexpected death in epilepsy.11

Treatments for LGS include antiepileptic drugs (AEDs) 
and nonpharmacologic options such as ketogenic diet, re-
sective surgery, vagus nerve stimulation, and corpus callo-
sotomy.7 Antiepileptic medications approved in the United 
States and Europe for treatment of LGS are lamotrigine, 
rufinamide, topiramate, clobazam, clonazepam, felbamate, 
and most recently, cannabidiol (CBD).7,12–16 Although not 
approved for LGS, valproate, based on clinical experience, 
is one of the first AEDs prescribed for epilepsy characterized 
by generalized or multiple seizure types.7,12–14

Highly purified CBD demonstrated efficacy against 
seizures associated with LGS, Dravet syndrome (DS), and 

tuberous sclerosis complex (TSC) when given in addition to 
patients' current AEDs in five randomized placebo-controlled 
trials.15–19 CBD is approved as Epidiolex in the United States 
for treatment of seizures associated with LGS, DS, or TSC 
in patients ≥1 year of age and as Epidyolex in the European 
Union in conjunction with clobazam for LGS and DS in pa-
tients ≥2 years of age.20,21

CBD treatment produced significantly greater reductions 
than placebo in seizures associated with LGS when evaluated 
for the full treatment period in two 14-week (2-week titra-
tion and 12-week maintenance periods), randomized, double-
blind, placebo-controlled, Phase 3 trials (GWPCARE3, 
NCT02224560; GWPCARE4, NCT02224690).15,16 
Although the superiority of CBD over placebo in reduction in 
drop seizures was established during the first 4 weeks of the 
maintenance period, the precise timing of the onset of CBD 
treatment effect, including the titration period, was not as-
sessed. Here, we used the combined data from GWPCARE3 
and GWPCARE4 to evaluate cumulative seizure reduction 
and incidence of adverse events (AEs) for each cumulative 
day of treatment, starting with the first day of titration. This 
provides more precise timing of the onset of CBD treatment 
effect.

2  |   MATERIALS AND METHODS

GWPCARE3 and GWPCARE4 were international, rand-
omized, double-blind, placebo-controlled, Phase 3 trials. 
Trial design and patient eligibility criteria were published 
previously.15,16 Briefly, the trials consisted of a 4-week base-
line period followed by a 14-week treatment time, which 
included 2-week dose escalation (titration) and 12-week 
treatment maintenance periods. Treatment period was fol-
lowed by a 10-day tapering phase. Patients who completed 

K E Y W O R D S

antiepileptic drug, antiseizure medication, childhood onset epilepsy, drop seizures, treatment-
resistant epilepsy

Key Points
•	 This was an post hoc analysis of data from two trials of CBD versus placebo in 

patients with LGS, evaluating time to onset of treatment effect
•	 Patients were randomized to receive CBD at 10 or 20 mg/kg/day, or matching pla-

cebo; all patients reached the 10-mg/kg/day dose on Day 7
•	 Significantly greater reduction in drop seizures with CBD versus placebo emerged 

as early as Day 6 and was maintained throughout the study
•	 Overall, 81% of patients had an adverse event, and 45% of patients had onset during 

the 2-week titration period
•	 In patients with adverse events, resolution occurred within 4 weeks of onset in 44% 

of patients and by the end of treatment in 62%
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the blinded study were allowed to transition to an open-label 
extension study.22

Patients with clinically confirmed LGS were eligible to 
enroll if they were 2–55 years of age, had an EEG showing 
a pattern of slow (<3.0 Hz) spike-and-wave complexes, and 
had at least two types of generalized seizures, including drop 
seizures, for at least 6 months. Patients must have been taking 
1–4 AEDs at a stable dose for at least 4 weeks before screen-
ing and must have had at least two drop seizures per week 
during the baseline period.

Patients were randomly assigned to receive either a phar-
maceutical formulation of highly purified CBD derived 
from Cannabis sativa L. plant in oral solution (100  mg/
ml; Epidiolex in the United States and Epidyolex in the 
European Union; GW Research Ltd.) or matching placebo. 
Patients received either 10 or 20 mg/kg/day of add-on CBD 
in GWPCARE3 or 20  mg/kg/day in GWPCARE4. CBD, 
administered twice daily in equally divided doses, started 
at 2.5  mg/kg/day and was titrated up to 10  mg/kg/day by 
Day 7 and to 20 mg/kg/day by Day 11 of the titration period 
(Table 1).

Patients or their caregivers recorded the type and number 
of seizures, including drop seizures, daily using an interac-
tive voice-response system. Drop seizures, the seizure type 
used for the primary endpoint of the trials, were defined as 
an attack or spell (atonic, tonic, or tonic–clonic) involving 
the entire body, trunk, or head that led or could have led to 
a fall, injury, slumping in a chair, or the patient's head hit-
ting a surface; on average, 59% of patients' seizures in these 
studies were drop seizures. Antiseizure effect of CBD was 
assessed by evaluating reduction from baseline in drop sei-
zure frequency compared with placebo. Median percentage 

change from baseline in drop and total seizures per 28 days 
was calculated for the 2-week titration period and for Weeks 
1–4, 5–8, and 9–12 of the maintenance period. To determine 
a more precise onset of antiseizure effect, starting with Day 
1 of treatment, median percentage reductions in cumulative 
drop seizure frequency (i.e., including all previous treatment 
days) for each day of the treatment period were calculated. 
Percentage of patients with ≥50% reduction from baseline 
in drop seizure frequency during the treatment period by cu-
mulative day was also measured. Because evaluation of treat-
ment effect by day was an post hoc analysis, it is subject to 
multiplicity; therefore, nominal p values are reported only for 
the primary endpoint of percentage reduction in drop seizure 
frequency.

Incidences of AEs by time to onset during the 2-week ti-
tration period and for Weeks 1–4, 5–8, and 9–12 of the main-
tenance period were assessed. The time to first onset of an 
AE was calculated as the start date of the AE minus date 
of first dose of study medication plus 1. Time-to-first-event 
analysis by day was also conducted for the most frequent AEs 
of special interest. Time-to-AE-resolution analysis summa-
rized incidence of AEs that resolved within 4 weeks or after 
4 weeks of onset. If any of the AEs did not resolve, then the 
AE was categorized as ongoing. The time to AE resolution 
was calculated as the stop date of an AE minus start date of 
the AE plus 1.

Efficacy and safety data for CBD 10 mg/kg/day was taken 
from GWPCARE3 and pooled across GWPCARE3 and 
GWPCARE4 for placebo and CBD 20 mg/kg/day; effect of 
CBD 10 mg/kg/day was not evaluated in GWPCARE4.

3  |   RESULTS

3.1  |  Patients

Of the total 396 patients enrolled in the two trials, 235 pa-
tients were randomized to receive CBD, either 10 or 20 mg/
kg/day, and 161 to receive placebo (Figure S1). Two hundred 
ten patients in the CBD group and 158 in the placebo group 
completed the studies. Overall, 28 patients (7.1%) withdrew 
from the studies (CBD, 25 [10.6%]; placebo, 3 [1.9%]); 15 
of these patients (53.6%) had AEs as the primary reason for 
withdrawal (13 [52.0%] in the CBD group and 2 [66.7%] in 
the placebo group). Five patients in the CBD group and none 
in the placebo group met the withdrawal criteria. Four pa-
tients receiving CBD and one patient receiving placebo were 
withdrawn by subject/caregivers or the principal investigator. 
Two patients in the CBD group withdrew for other reasons. 
One patient taking CBD withdrew because of a protocol de-
viation. The majority of patients (366 [99.5%]) who com-
pleted the studies entered the open-label extension trial of 
CBD in LGS.

T A B L E  1   Titration schedule

Total CBD dose received per day, mg/kga 

Day 10 mg/kg/day target dose
20 mg/kg/day 
target dose

1 2.5 2.5

2 2.5 2.5

3 5.0 5.0

4 5.0 5.0

5 7.5 7.5

6 7.5 7.5

7 10.0 10.0

8 10.0 10.0

9 10.0 15.0

10 10.0 15.0

11–14 10.0 20.0

Abbreviation: CBD, cannabidiol.
aThe study medication was taken twice daily in equally divided doses.
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The mean age of patients was 15.5 years, and 31.6% of 
them were adults. Baseline characteristics were consistent 
between the CBD and placebo groups (Table  2). Overall, 
the median (minimum, maximum) number of drop seizure 
frequency for the 28-day period at baseline was 80.0 (8.7, 
7494.0), and the total seizure frequency was 169.7 (11.0, 
13  607.0). The most frequently reported seizure subtypes 
were tonic (308 patients [77.8%]), atonic (237 [59.8%]), and 
tonic–clonic seizures (214 [54.0%]) across all treatments. 
Patients had discontinued a median (minimum, maximum) of 
six (0, 28) AEDs that had failed to control seizures and were 
currently receiving a median (minimum, maximum) of three 
(0, 5) AEDs at baseline. Clobazam (49.0% of patients) and 
valproate (38.9%) were the most common concomitant AEDs.

3.2  |  Efficacy

During the trials, greater reduction in the median percentage 
change from baseline in drop and total seizure frequency for 
CBD treatment compared with placebo was first observed 
during the titration period (Figure S2). In the analysis by cu-
mulative days, clear separation between placebo and CBD 
in reduction in drop seizures was observed as early as Day 
6 (nominal p = .008; Figure 1A), when all patients were at 
7.5-mg/kg/day dosage. When the analysis was repeated in the 
cohorts taking CBD with and without clobazam, a clear sepa-
ration between placebo and CBD emerged during the first 
week of the titration period in both subgroups (Figure S3), 
with the magnitude of reduction in drop seizures greater in 
patients taking concomitant clobazam than in those not on 
clobazam. Overall reduction in drop seizure frequency by 
cumulative day was maintained throughout the treatment pe-
riod (Figure S4A).

Overall, the median percentage reduction in drop sei-
zure frequency per 28 days during the full treatment period 
was 37.2% (a reduction from a median of 86.9 seizures per 
28 days at baseline to 50.0 per 28 days) for CBD 10 mg/kg/day 
(GWPCARE3 only), 42.8% (reduction from 78.1 seizures per 
28 days to 38.4 seizures per 28 days) for CBD 20 mg/kg/day, 
and 20.1% (reduction from 79.0 seizures per 28 days to 63.2 
seizures per 28 days) for placebo. The median percentage re-
duction in total seizure frequency per 28 days during the full 
treatment period was 36.4% (a decrease from a median of 
165.0 seizures per 28 days at baseline to 76.1 per 28 days) for 
CBD  10  mg/kg/day, 38.7% (reduction from 167.6 seizures 
per 28 days to 85.6 seizures per 28 days) for CBD 20 mg/kg/
day, and 17.0% (reduction from 177.7 seizures per 28 days to 
129.0 seizures per 28 days) for placebo.

In the analysis by cumulative day of patients with 
≥50% reduction in drop seizure frequency, clear separa-
tion between placebo and CBD was observed as early 
as the first week (Day 6) of treatment (Figure  1B). The 

proportion of patients taking CBD with ≥50% reduction in 
drop seizure frequency increased during the first 28 days 
of treatment and was then maintained throughout the study 
(Figure S4B).

T A B L E  2   Patient demographics and baseline characteristics

Parameter Placebo, n = 161
All CBD doses, 
n = 235

Age, years

Mean (min, max) 15.3 (2.6, 45.1) 15.6 (2.6, 48.0)

Age group, n (%)

2–5 years 21 (13.0) 28 (11.9)

6–11 years 51 (31.7) 75 (31.9)

12–17 years 38 (23.6) 58 (24.7)

18–55 years 51 (31.7) 74 (31.5)

Sex, n (%)

Male 87 (54.0) 130 (55.3)

Female 74 (46.0) 105 (44.7)

Race, n (%)

White 148 (91.9) 204 (86.8)

Other 13 (8.1) 31 (13.2)

Weight at baseline, kg

Mean (min, max) 44.2 (11.9, 112.6) 42.6 (10.8, 
140.2)

Region

United States 128 (79.5) 181 (77.0)

Rest of the world 33 (20.5) 54 (23.0)

Drop seizures per 28 days

Median (min, max) 79.0 (8.7, 3174.6) 81.0 (10.3, 
7494.0)

Total seizures per 28 days

Median (min, max) 177.7 (11.0, 
4357.4)

167.2 (13.0, 13 
607.0)

Seizure subtypes, n (%)

Tonic 122 (75.8) 186 (79.1)

Atonic 100 (62.1) 137 (58.3)

Tonic–clonic 87 (54.0) 127 (54.0)

Number of failed AEDs

Median (min, max) 6 (0, 28) 6 (0, 21)

Number of current AEDs

Median (min, max) 3 (1, 5) 3 (0, 5)

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

Clobazam 79 (49.1) 115 (48.9)

Valproate 63 (39.1) 91 (38.7)

Lamotrigine 56 (34.8) 75 (31.9)

Levetiracetam 58 (36.0) 69 (29.4)

Rufinamide 41 (25.5) 70 (29.8)

Abbreviations: AED, antiepileptic drug; CBD, cannabidiol; max, maximum; 
min, minimum.
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3.3  |  Safety

Treatment-emergent AEs, across the two studies, were re-
ported in 114 (70.8%) patients taking placebo, 56 (83.6%) 
taking CBD 10  mg/kg/day, and 151 (89.9%) taking CBD 
20 mg/kg/day (Table S1). The most commonly reported AEs 
were somnolence (16.2%), decreased appetite (12.9%), and 
diarrhea (12.1%). Somnolence was more frequently reported 
in patients taking concomitant clobazam compared with 
those who were not in all three treatment groups (placebo, 
8 [10.0%] vs. 4 [4.9%]; CBD 10 mg/kg/day, 11 [31.4%] vs. 
3 [9.4%]; CBD 20 mg/kg/day, 24 [30.4%] vs. 14 [15.7%]). 
Serious AEs were reported in 14.6% of patients. AEs were 
listed as one of the reasons for treatment discontinuation in 

21 patients (5.3%). There was one death reported during the 
trial (acute respiratory distress syndrome in the CBD 20-mg/
kg/day group), which was deemed not treatment related by 
the investigator.

Most patients reported AE onset early in the treatment, 
during the titration period in 180 patients (45.5%) and during the 
first 4 weeks of the maintenance period in 95 patients (24.0%; 
Figure 2). In the time-to-first-event analysis of the most com-
mon AEs, clear separation in onset of somnolence or sedation 
between placebo and CBD emerged by Day 2 of titration, when 
patients were receiving the 2.5-mg/kg/day dose (Figure  3A); 
most patients reported the first occurrence of decreased appetite 
(Figure 3B) within 20 days and the first occurrence of diarrhea 
(Figure 3C) within 40 days of starting CBD or placebo treatment.

F I G U R E  1   Efficacy outcomes: cumulative percentage reduction from baseline in drop seizure frequency by day (A) and percentage of patients 
with ≥50% reduction in drop seizure frequency by day (B). *Difference between pooled cannabidiol (CBD) groups and placebo became nominally 
significant on Day 6 at p = .008. The dotted line for each dose group represents the data until Day 9, when all patients were receiving the same 
dose of study drug, reflecting small variations in response not attributable to difference in dosage. The solid purple line represents all CBD patients 
until Day 9, at which point patients in CBD10 remained on 10 mg/kg/day and those in CBD20 continued titration up to 20 mg/kg/day. CBD10, 
cannabidiol 10 mg/kg/day; CBD20, cannabidiol 20 mg/kg/day
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Overall, AEs resolved within 4  weeks of onset in more 
than 40% of patients and by the end of the studies in more 
than 60% of patients who experienced an AE (Table 3). The 
most common AE, somnolence, resolved within 4 weeks in 
67% of patients on placebo, 64% of patients on CBD10, and 
37% of patients on CBD20. For combined CBD groups, de-
creased appetite and diarrhea events resolved within 4 weeks 
in 35% and 60% of patients, respectively. Diarrhea resolved 
sooner in patients taking CBD10 than CBD20; resolution of 
decreased appetite was not notably affected by CBD dosage. 
These three most common AEs resolved by end of study in 
more than 70% of patients (Table 3).

Measurement of transaminases was first performed on 
Day 15 of treatment (i.e., after the titration period) and then 
on Days 29, 57, and 99 (end of treatment) and at safety fol-
low-up. Increase to more than three times the upper limit of 
normal in alanine aminotransferase (ALT) or aspartate ami-
notransferase (AST) levels occurred in three of 67 (4.5%) pa-
tients in the CBD 10-mg/kg/day group, 31 of 168 (18.5%) in 
the CBD 20-mg/kg/day group, and one of 161 (.6%) in the 
placebo group (Table  S2); 26 (74.3%) of these 35 patients 
were on concomitant valproic acid or its derivatives, and 16 
(45.7%) were on clobazam. All elevations in patients taking 
CBD 10 mg/kg/day and most in those taking CBD 20 mg/kg/
day (19 [61.3%]) occurred within 30 days of treatment initi-
ation. No patient met the standard criteria for severe drug-
induced liver injury (Hy's law). Elevated ALT/AST levels 
resolved in all patients during the 14-week trials.

4  |   DISCUSSION

Results from this post hoc analysis of efficacy and safety data 
from the two randomized, placebo-controlled trials of add-on 
CBD in patients with LGS suggest that the CBD treatment 
effect (seizure reduction and incidence of AEs) may occur as 
early as during the first week of treatment. Following multiple 

twice-daily dosing of CBD, plasma levels reach steady state 
after approximately 2 days.23 Separation between CBD and 
placebo groups in the median percentage reduction in drop 
seizures and ≥50% responder rate emerged within the first 
6–8 days of the titration period, when patients in this study 
were just reaching the 10-mg/kg/day dose (Table 1), suggest-
ing that a treatment effect may emerge with doses lower than 
10 mg/kg/day.

Bidirectional pharmacokinetic drug–drug interaction has 
been previously demonstrated between CBD and clobazam, 
which leads to increased exposure in each other's active 
metabolite and a potential synergistic effect24; therefore, to 
explore whether concomitant clobazam may be required for 
the early onset of effect, the analysis by cumulative day was 
repeated in patients taking CBD with and without clobazam. 
Similar to the overall population, clear separation between 
CBD and placebo was evident within the first week of titra-
tion in both subgroups, suggesting that the early onset of ef-
fect occurs regardless of clobazam. However, because these 
trials were not designed to compare patients on versus off 
clobazam, comparisons between the two subgroups should be 
interpreted with caution. Reliability of these results is further 
limited because of the reduced sample size in the subgroups 
and the limited days of data during the titration period, com-
pared with the full 14-week treatment period used in estimat-
ing the overall treatment effect. The clobazam-independent 
treatment effect of CBD has been previously demonstrated in 
several meta-analyses.25,26 These analyses had a larger sample 
size and evaluated response over a longer period than in the 
analysis by cumulative day, providing a more reliable estimate 
of treatment effect in the on- versus off-clobazam subgroup. 
Drug–drug interactions between CBD and other AEDs such 
as valproate and stiripentol are less notable and have been 
previously reviewed.27 Although we could not investigate the 
effect of other AEDs on the onset of CBD treatment effect in 
this study, it is possible that interactions with other medica-
tions could affect the onset of both efficacy and AEs.

F I G U R E  2   Adverse events by time of onset. If a patient had multiple occurrences of an adverse event (AE), then the AE was counted once for 
the first occurrence only. Percentage of patients was calculated based on the number of patients in the safety analysis set who had a visit or follow-
up call within each time period. One patient in the placebo group first experienced an AE after the 14-week treatment period. CBD, cannabidiol
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F I G U R E  3   Time to first occurrence of somnolence or sedation (A), decreased appetite (B), and diarrhea (C) by day. The arrow in panel A 
shows the time (Day 2) when a clear separation in the time to first occurrence between placebo and cannabidiol (CBD) was observed. During 
the first 2 days of treatment, 10 patients taking CBD and one patient taking placebo had a treatment-emergent adverse event of somnolence; 
seven of 10 patients on CBD were also taking clobazam. No incidence of sedation was reported during Days 1–2
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In addition to the interactions with other AEDs, which may 
affect the timing of CBD treatment effect, there is an estab-
lished food effect on CBD exposure, in which taking CBD 
with a high-fat meal leads to a four- to five-fold increase in ex-
posure, with no notable effect on Tmax or terminal half-life.23 
CBD exposure was also shown to increase with a low-fat/calo-
rie meal or whole milk, although to a lesser extent.28 Although 
patients enrolled in the GWPCARE studies were instructed 
to take CBD consistently with or without food, whether they 
chose to take it fed or fasted was not recorded. Presumably, 
taking CBD with food could lead to a higher exposure sooner, 
and thus may translate to a more rapid onset of effect.

The early onset of antiseizure effect is of particular impor-
tance, as a faster onset would reduce cumulative seizure bur-
den and may reduce the number of accidents associated with 
drop attacks. Although on a population level, the majority of 
effects appeared to occur by 4 weeks, on an individual patient 
level, the maximum time to observe an effect may depend 
on differences in the underlying epilepsy and dose optimi-
zation of CBD and background AEDs. Future studies and/or 
real-world experience is required to better understand the full 
effect of patient variability on time to onset of response with 
this new AED.

Onset of AEs further support a relatively fast CBD treat-
ment effect; more than 50% of patients receiving CBD re-
ported AEs within the 2-week titration period. For the three 
most common AEs, somnolence, decreased appetite, and 
diarrhea, the slope of time-to-first-event graphs was simi-
lar for the two CBD dose groups and steeper than placebo, 
suggesting that the AEs were related to CBD. Furthermore, 

somnolence events started occurring in the CBD groups as 
early as 2 days into the titration period, when patients were 
at the 2.5-mg/kg/day dosage; concomitant clobazam use may 
have contributed to these early events, as 70% of these pa-
tients were also taking clobazam. In clinical practice, it may 
be important to individualize the titration schedule for pa-
tients, because a faster titration and high dosage could lead to 
higher rates of AEs.

The majority of AEs (60%) resolved during the study, 
with approximately 40% resolving within 4 weeks of onset. 
Some AEs, such as somnolence, may have occurred early, 
when patients were adapting to the treatment effect, and re-
solved as patients became habituated, and some AEs may not 
have been treatment related and thus resolved spontaneously. 
Additionally, it is possible that because most (>80%) of the 
AEs reported in any treatment group were of mild or mod-
erate severity, they resolved quickly or were mild enough 
in severity that they were not reported later during the trial. 
Other AEDs have also shown early onset of AEs; the four 
top perampanel treatment-emergent AEs occurred more fre-
quently during the 6-week titration period (the full treatment 
period was 19 weeks) among patients with refractory partial 
seizures enrolled in three randomized, placebo-controlled, 
Phase 3 trials.29 Overall, CBD was generally well tolerated 
with AEs that were mostly mild or moderate in severity and 
self-limited, which is consistent with the safety profile of 
other AED treatments for LGS.30–34

The precise timing for the elevation in ALT/AST levels 
could not be determined, because testing did not start until 
Day 15; however, among patients who had an elevation in 

Placebo, 
n = 161

CBD 10 mg/kg/
day, n = 67

CBD 20 mg/kg/day, 
n = 168

All AEs, n (%)a  114 (70.8) 56 (83.6) 151 (89.9)

Within 4 weeks 60/114 (52.6) 22/56 (39.3) 59/151 (39.1)

After 4 weeks, by end of study 12/114 (10.5) 10/56 (17.9) 36/151 (23.8)

Ongoing 42/114 (36.8) 24/56 (42.9) 56/151 (37.1)

Somnolence, n (%) 12 (7.5) 14 (20.9) 38 (22.6)

Within 4 weeks 8/12 (66.7) 9/14 (64.3) 14/38 (36.8)

After 4 weeks, by end of study 3/12 (25.0) 1/14 (7.1) 17/38 (44.7)

Ongoing 1/12 (8.3) 4/14 (28.6) 7/38 (18.4)

Decreased appetite, n (%) 8 (5.0) 11 (16.4) 32 (19.0)

Within 4 weeks 7/8 (87.5) 3/11 (27.3) 12/32 (37.5)

After 4 weeks, by end of study 0 4/11 (36.4) 11/32 (34.4)

Ongoing 1/8 (12.5) 4/11 (36.4) 9/32 (28.1)

Diarrhea, n (%) 13 (8.1) 7 (10.4) 28 (16.7)

Within 4 weeks 11/13 (84.6) 6/7 (85.7) 15/28 (53.6)

After 4 weeks, by end of study 0 1/7 (14.3) 5/28 (17.9)

Ongoing 2/13 (15.4) 0 8/28 (28.6)

Abbreviations: AE, adverse event; CBD, cannabidiol.
aFor patients with multiple AEs, the longest time to resolution was used.

T A B L E  3   Time to resolution for all 
AEs and most common AEs
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ALT/AST levels, all patients taking CBD 10  mg/kg/day 
and 61% of those taking CBD 20 mg/kg/day experienced 
onset during the first 30  days of treatment. In these tri-
als, although different titration schemes were not assessed, 
theoretically, the relatively fast titration (2.5-mg/kg/day in-
crease every 2 days) could have contributed to the higher 
incidence of liver enzyme elevations in patients assigned 
to CBD 20  mg/kg/day; a slower titration than that used 
in these trials is recommended in the prescribing infor-
mation.20 All ALT/AST elevations resolved, 60% of them 
without treatment discontinuation.

There are limited data available for time to onset of ef-
ficacy for other AEDs in LGS; data availability for some of 
the AEDs may be limited, because the patient paper diaries 
may not have been saved in the database. In one randomized, 
double-blind, placebo-controlled trial of patients ≥13 years 
of age with a diagnosis of epilepsy with primary general-
ized tonic–clonic seizures, adjunctive lamotrigine treatment 
demonstrated a significant reduction in seizure frequency 
and ≥50% reduction in seizure frequency that became sig-
nificantly different from placebo by Day 8 of the treatment 
escalation phase.35 In another analysis of pooled data from 
three randomized, placebo-controlled, Phase 3 trials of bri-
varacetam in patients with well-characterized focal seizures, 
a significantly higher proportion of patients taking brivarac-
etam achieved sustained ≥50% responder status on treatment 
Day 1 than patients taking placebo.36 However, in this anal-
ysis, only patients who had ≥50% reduction in seizure fre-
quency that was sustained throughout the study period were 
included. Thus, it is possible that the antiseizure effect of 
many AEDs may be observed while the drug is being titrated 
up and before the target dose is reached. Titration phase for 
most AEDs approved for LGS is 2–3 weeks, except lamotrig-
ine, which is titrated over a period of 6 weeks.30–33,37

Our study has several limitations. Because this was an post 
hoc analysis, the interpretability and generalizability of the 
results are limited. Although the primary endpoint effect size 
at early time points was nominally significant, it has not been 
replicated in a prospectively designed trial assessing early 
onset of action. However, evidence for an early treatment 
effect has been observed in trials of CBD in DS and TSC, 
supporting the robustness of the results here.38,39 Interpatient 
variability may mean early onset is not evident in some pa-
tients. The onset of spontaneous AE reporting assigned to the 
day of treatment has limitations but likely underestimates the 
treatment-related reports.

In conclusion, in this post hoc analysis of the pooled effi-
cacy and safety data (CBD 10 mg/kg/day was tested only in 
GWPCARE3) from the two randomized, placebo-controlled, 
Phase 3 trials of add-on CBD in patients with LGS, we demon-
strated that both seizure reductions and onset of AEs emerged 
early during the first week of the titration period. However, 
this analysis does not exclude the effect of the treatment 

(seizure reduction or AEs) occurring later in some patients. 
Results of the pooled analysis concur with the individual trials 
and further confirm the effectiveness of CBD in reducing sei-
zures associated with LGS with an acceptable safety profile.
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