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Abstract
Objective: To evaluate the long-term safety and efficacy of add-on cannabidiol 
(CBD) in patients with seizures associated with tuberous sclerosis complex (TSC) 
in the open-label extension (OLE) of the randomized, placebo-controlled phase 3 
trial GWPCARE6 (NCT02544763). Results of an interim (February 2019 data cut) 
analysis are reported.
Methods: Patients who completed the randomized trial enrolled to receive CBD 
(Epidiolex® in the United States; Epidyolex® in the EU; 100 mg/mL oral solution). 
The initial target dose was 25 mg/kg/day, which, based on response and toler-
ability, could be decreased or increased up to 50 mg/kg/day. The primary end 
point was safety. Key secondary end points included percentage reduction in 
TSC-associated (countable focal and generalized) seizures, responder rates, and 
Subject/Caregiver Global Impression of Change (S/CGIC).
Results: Of 201 patients who completed the randomized phase, 199 (99%) en-
tered the OLE. Mean age was 13 years (range, 1–57). At the time of analysis, 5% 
of patients had completed treatment, 20% had withdrawn, and 75% were ongoing. 
One-year retention rate was 79%. Median treatment time was 267 days (range, 
18–910) at a 27  mg/kg/day mean modal dose. Most patients (92%) had an ad-
verse event (AE). Most common AEs were diarrhea (42%), seizure (22%), and 
decreased appetite (20%). AEs led to permanent discontinuation in 6% of patients. 
There was one death that was deemed treatment unrelated by the investigator. 
Elevated liver transaminases occurred in 17 patients (9%) patients; 12 were tak-
ing valproate. Median percentage reductions in seizure frequency (12-week win-
dows across 48 weeks) were 54%–68%. Seizure responder rates (≥50%, ≥75%, 100% 
reduction) were 53%–61%, 29%–45%, and 6%–11% across 12-week windows for 
48 weeks. Improvement on the S/CGIC scale was reported by 87% of patients/
caregivers at 26 weeks.
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1   |   INTRODUCTION

Tuberous sclerosis complex (TSC) is a highly variable 
genetic disorder characterized by benign hamartomas 
in multiple organ systems, most notably in brain, skin, 
kidneys, lungs, heart, and eyes.1–4 It is caused primarily 
by mutations in tumor suppressor genes TSC1 or TSC2, 
resulting in an increased mechanistic target of rapamy-
cin (mTOR) activation with subsequent excessive cell 
growth and proliferation.1–3,5 The incidence of TSC is es-
timated at 1 in 6000  live births, affecting 40 000–80 000 
people in the United States and 1–2  million people 
worldwide.6,7 Approximately ~85% of patients with TSC 
experience epilepsy, with onset usually during the first 
2 years of life; it can persist lifelong with multiple seizure 
types.6,8–11 Patients with TSC experience infantile spasms 
and focal seizures as infants and various other seizure 
types as the disease progresses.9,12

Current treatments for seizures associated with TSC 
include antiseizure medications (ASMs), commonly re-
ferred to as antiepileptic drugs; the mTOR pathway in-
hibitor everolimus; surgical procedures; vagus nerve 
stimulation; and dietary therapy.6,13–17 Despite these treat-
ment options, more than 60% of patients have treatment-
resistant epilepsy,12 which can be associated with various 
neurodevelopmental disorders.10,18

Highly purified pharmaceutical formulation of canna-
bidiol (CBD; Epidiolex® in the United States and Epidyolex® 
in the United Kingdom, European Union, and Australia) 
has demonstrated efficacy, with an acceptable safety pro-
file against seizures associated with Dravet syndrome and 
Lennox-Gastaut syndrome in four randomized, placebo-
controlled phase 3 trials.19–22 Results from an expanded-
access program demonstrated that CBD may also be an 
effective and well-tolerated treatment for TSC-associated 
seizures.23 The effect of CBD on seizures associated with 
TSC was further evaluated in a 16-week, randomized, 
double-blind, placebo-controlled, multicenter phase 3 
trial (GWPCARE6). In this trial, add-on CBD produced al-
most 50% reduction in TSC-associated seizures compared 
with an ≈30% reduction with placebo, and had an accept-
able safety profile.24 Based on these results, CBD was ap-
proved for treatment of seizures associated with TSC in 

patients aged 1 year and older in the United States25 and 
at least 2 years of age in the United Kingdom and in the 
European Union.26

Patients who completed treatment in the placebo-
controlled, double-blind phase of GWPCARE6 were el-
igible to enroll in the open-label extension (OLE) phase 
under the same protocol for evaluation of the long-term 
safety and efficacy of CBD. Herein we present results of an 
interim analysis (data cutoff, February 26, 2019) of safety, 
efficacy, and patient/caregiver-  and physician-reported 
outcomes in patients with TSC enrolled in the OLE phase 
of GWPCARE6.

2   |   METHODS

This study was an OLE of the 16-week randomized, 
double-blind, placebo-controlled, multinational phase 3 
trial GWPCARE6 (NCT02544763) and enrolled patients 

Significance: In patients with TSC, long-term add-on CBD treatment was well 
tolerated and sustainably reduced seizures through 48 weeks, with most patients/
caregivers reporting global improvement.

K E Y W O R D S

antiseizure medication, cannabidiol, epilepsy, focal seizures, treatment-resistant epilepsy, 
tuberous sclerosis complex

Key Points
•	 This was an open-label extension (OLE) of a 

phase 3 trial (GWPCARE6), evaluating the 
long-term safety and efficacy of cannabidiol 
(CBD) in patients with tuberous sclerosis com-
plex (TSC)–associated seizures

•	 One hundred ninety-nine patients were treated 
with CBD at a mean modal dose of 27 mg/kg/
day for a median of 267 days (range, 18–910) of 
treatment

•	 Most patients (92%) had an adverse event (AE); 
the most common AEs were diarrhea, seizure, 
and decreased appetite, and they were mostly 
mild or moderate in severity

•	 The median percentage reduction of 54% in 
TSC-associated seizures was observed at week 
12 and sustained through 48 weeks of treatment

•	 More than 80% of patients/caregivers and physi-
cians reported an improvement in the patient's 
overall condition at 26 weeks
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who completed treatment in the randomized, controlled, 
blinded phase. Patients with a definite clinical diagnosis of 
TSC1 and treatment-resistant epilepsy were eligible if they 
were 1–65 years of age; had at least eight TSC-associated 
seizures during 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 at baseline of the randomized, 
controlled phase. Key exclusion criteria were a history of 
nonepileptic seizures, clinically significant illness other 
than epilepsy, surgery for epilepsy in the 6  months be-
fore screening, felbamate use for less than 1 year before 
screening, and a history of alcohol or substance abuse or 
recreational or medicinal use of cannabis or cannabinoid-
based medications. Although not allowed during the 
randomized phase, on-label use of mTOR inhibitors for 
the treatment of seizures and tumors was permitted dur-
ing the OLE. The trial protocol was approved by the rel-
evant institutional review board or ethics committee at 
each participating site and was conducted in accordance 
with the principles of the Declaration of Helsinki and the 
International Conference on Harmonization Tripartite 
Guideline on Good Clinical Practice. All patients or their 
caregivers provided written informed consent before any 
trial procedure was carried out. Patients who were devel-
opmentally mature enough to understand the trial pro-
vided written assent.

All patients received a pharmaceutical formulation 
of highly purified CBD derived from Cannabis sativa L. 
plant (100 mg/ml oral solution; Epidiolex® in the United 
States and Epidyolex® in the United Kingdom, European 
Union, and Australia; GW Research Ltd, Cambridge, 
United Kingdom). After completing treatment in the ran-
domized phase, patients started a 2-week blinded transi-
tion period, during which the blinded medication (CBD 
25 mg/kg/day, CBD 50 mg/kg/day, or placebo) from the 
randomized, controlled phase was tapered down to zero 
while simultaneously CBD was titrated up to 25  mg/
kg/day (Table S1). The dose could then be titrated up to 
50 mg/kg/day during a 3-week titration period in incre-
ments of 2.5 mg/kg/day every 2 days. The daily dose of 
CBD was maintained throughout the trial; however, the 
investigator could decrease the dose if a patient experi-
enced intolerance or could increase it up to the maximum 
dose of 50 mg/kg/day if required for better seizure con-
trol, until the optimal dose was found. CBD was taken 
twice daily in equally divided doses in addition to the 
patient's current ASM. The dose for concomitant ASMs 
could also be adjusted to manage side effects associated 
with their use. Patients could receive treatment for up to 
1 year, except in the United States and Poland, where they 
could continue treatment beyond 1  year. At the end of 
treatment, patients (outside the United States and Poland) 
could continue using CBD outside the study. For patients 

who did not immediately continue using CBD outside the 
trial or upon decision to withdraw, CBD dose was tapered 
down by 10% per day for 10 days, unless continued dos-
ing was not possible because of an adverse event (AE). A 
follow-up visit was performed 4 weeks after the last dose 
of CBD (including the final taper period dose) in patients 
completing or withdrawing from the trial. The study de-
sign is shown in Figure S1.

The primary objective of this OLE study was to eval-
uate the long-term safety and tolerability of add-on CBD 
based on the incidence, type, and severity of treatment-
emergent AEs in patients with uncontrolled seizures 
associated with TSC. Patients used paper diaries for 
daily recording of any AEs, CBD intake, and the use of 
concomitant ASMs and rescue medications throughout 
the study. Blood and urine samples for clinical labora-
tory assessments were collected at all clinic visits (when 
possible).

The secondary objective was evaluation of efficacy 
through assessment of percentage change in the fre-
quency of TSC-associated seizures; the number of patients 
considered treatment responders with ≥25%, ≥50%, ≥75%, 
and 100% reduction in TSC-associated seizures; change 
in overall condition of patients on the Subject/Caregiver 
Global Impression of Change (S/CGIC) scale and 
Physician Global Impression of Change (PGIC) scale; and 
percentage change in the frequency of total seizures. All 
changes were assessed relative to the pre-randomization 
baseline of the trial's blinded phase. TSC-associated sei-
zures included countable focal motor seizures without 
impairment of awareness, focal seizures with impairment 
of awareness, focal seizures evolving to bilateral general-
ized convulsive seizures, and generalized seizures (tonic–
clonic, tonic, clonic, or atonic); they excluded absence, 
myoclonic, focal sensory, and infantile/epileptic spasms. 
This functional definition of TSC-associated seizures was 
approved by the US Food and Drug Administration (FDA), 
the European Medicines Agency (EMA), and the Epilepsy 
Study Consortium's independent committee of experts. 
Total seizures included TSC-associated seizures, infantile/
epileptic spasms, and absence, myoclonic, and focal sen-
sory seizures. Patients or their caregivers used an interac-
tive voice-response system to record the number and type 
of seizures, severity of focal seizures, and the number of 
status epilepticus episodes. The S/CGIC and PGIC scales 
are both 7-point scales that include three categories for 
improvement (slightly improved, much improved, and 
very much improved), three for worsening (slightly worse, 
much worse, and very much worse), and an option to in-
dicate no change.

No formal sample size was calculated for this open-
label trial, and all patients who completed the blinded, 
placebo-controlled phase were eligible to enroll. All 
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patients who received at least one dose of CBD during 
the OLE were included in the safety evaluation data set. 
Safety data for the complete OLE phase are reported here. 
Seizure frequency (average per 28 days) was calculated for 
each 12-week treatment window and expressed as median 
percentage reduction from pre-randomization baseline. 
Seizure outcomes for up to 48  weeks of treatment are 
presented here. Analyses of seizure frequency and treat-
ment responder rates were repeated using the last obser-
vation carried forward (LOCF) imputation step, which is 
described in the Appendix S1. Seizure outcomes analyses 
were conducted for patients who completed weeks 37–48 
of the treatment period. In addition, we conducted a post 
hoc analysis to evaluate the safety and efficacy of CBD by 
modal dose categories ≤25 and >25  mg/kg/day. The S/
CGIC and PGIC results at the 26-week visit are reported. 
There was no formal hypothesis testing and results are 
presented descriptively.

3   |   RESULTS

3.1  |  Patients

Of the 201 patients who completed treatment in 
the placebo-controlled, double-blind phase of the 
trial, 199 enrolled in the OLE phase (Figure 1) con-
ducted at 43  sites across six countries (Australia, The 
Netherlands, Poland, Spain, United Kingdom, and the 
United States). At the time of this analysis, 10 patients 
(5%) had completed treatment, 39 (20%) had withdrawn, 
and 150 (75%) had treatment ongoing. The reasons for 
withdrawal from the OLE were AEs (11 patients [6%]) 
and decision to withdraw by the patient (8 [4%]), par-
ent/guardian (5 [3%]), or investigator (3 [2%]); 1 patient 
(0.5%) met the withdrawal criteria, and 11 patients (6%) 
had other reasons for withdrawal. The 1-year retention 
rate (calculated as the number of patients who reached 
the treatment window at weeks 37–48 divided by the 
total number of patients who could have reached it at 
the time of this analysis) was 79%, with 104 patients 
reaching weeks 37–48 of the 131 patients who could 
have reached the treatment window (Table S2).

The median patient age was 10.8 years; 46 (23%) were 
age 18 and older (Table 1). Patients had previously tried 
and discontinued a median of four ASMs and were taking a 
median of three ASMs at the start of the placebo-controlled 
phase. Valproate (41%), vigabatrin (36%), clobazam (32%), 
and levetiracetam (29%) were the most commonly used 
medications during the OLE. Although mTOR inhibitors 
were not allowed during the randomized phase, 9 patients 
received everolimus and 25 sirolimus during the OLE. Five 
patients (3%) were on concomitant ketogenic diet therapy, 

and 23 (12%) were using vagus nerve stimulation. The me-
dian number of TSC-associated seizures during the 4-week 
pre-randomization baseline was 56.9.

Overall median treatment duration was 267  days 
(range, 18–910 days) and patient-years on treatment was 
152.9, and the mean modal (standard deviation [SD]) dose 
was 27 mg/kg/day (7.3). The mean modal (SD) dose was 
26  mg/kg/day (6.1) for weeks 1–12 and 28  mg/kg/day 
(7.7–8.8) for the remaining 12-week treatment windows 
through week 48. Of the total 199 patients, 156 (78%) had 
a CBD modal dose ≤25 mg/kg/day with a mean (SD) of 
24 mg/kg/day (3.3) and 43 (22%) had modal dose >25 mg/
kg/day with a mean (SD) of 38 mg/kg/day (7.4). The me-
dian treatment duration was 232 days (range, 18–876 days) 
and patient-years on treatment was 110.5 for patients with 
a modal dose ≤25 mg/kg/day. For patients with a modal 
dose >25 mg/kg/day, the median treatment duration was 
318 days (range, 40–910 days) and patient-years on treat-
ment was 42.4.

3.2  |  Safety

Treatment-emergent AEs were reported in 92% of all pa-
tients, 91% of patients with modal dose ≤25  mg/kg/day, 
and 98% of patients with modal dose >25  mg/kg/day 
(Table 2). Most AEs were of mild or moderate severity, 
with 36% of patients reporting the severity as mild, 47% 
as moderate, and 9% as severe. Diarrhea, seizures, and 
decreased appetite were the most frequently reported 
AEs, and most of these were of mild or moderate severity 
(Table 2 and Table S3). Somnolence was reported more 
frequently in patients taking concomitant clobazam (16 of 
66 patients [24%]) than in patients not on clobazam (15 
of 133 patients [11%]); the overall incidence of AEs was 
similar between the two subgroups (94% of patients tak-
ing clobazam vs 92% of those not taking clobazam). An 
AE was listed as one of the reasons for permanent treat-
ment discontinuation in 12 patients (6%). The most com-
mon AE leading to permanent treatment discontinuation 
in >1% of patients was seizures (four patients [2%]; Table 
S3). Fifty patients (25%) had permanent dose reduction 
because of an AE, primarily diarrhea (21 patients [11%]; 
Table S3). Serious AEs were reported by 15% of all pa-
tients, with seizures and status epilepticus as the most fre-
quently reported serious AEs in >1% of patients (Table 2). 
There was one death due to cardiopulmonary failure dur-
ing the study, which was deemed not treatment related by 
the investigator.

Laboratory testing showed elevations in serum ala-
nine aminotransferase (ALT) or aspartate aminotrans-
ferase (AST) levels of more than 3 times the upper limit 
of normal (ULN) in 17 patients (9%), 12 of whom (71%) 
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were taking concomitant valproate. No patient met 
the standard criteria for severe drug-induced liver in-
jury (Hy's Law) with concurrent bilirubin levels more 
than 2 times ULN. One patient discontinued treatment 
because of elevated transaminase levels. Elevations 
occurred within 1  month of starting treatment in 9 of 
the 17 patients and between 1 and 3 months of starting 
treatment in 6 patients; 2 patients had elevations more 
than 3  months (100  days) after starting treatment. At 
the time of this analysis, increased ALT or AST levels 
had resolved in 14 of 17 patients—spontaneously in 6 
patients, following treatment discontinuation in 1, and 
after CBD or ASM dose reduction in 7 (4 patients re-
duced valproate dose); transaminase levels had not re-
solved in 3 patients.

3.3  |  Efficacy

During the first 12  weeks of the OLE, CBD treatment 
produced a median reduction of 54% from the rand-
omized phase baseline in the monthly TSC-associated 
seizure frequency (Figure 2A). The effect was main-
tained throughout the treatment windows at weeks 
13–24, 25–36, and 37–48, with 54%–68% reduction from 
baseline. Median reduction of 52%–73% was observed in 
patients with modal dose ≤25 mg/kg/day and 49%–61% 
in those with modal dose >25 mg/kg/day across the 12-
week treatment windows up to 48 weeks (Figure S2A). 
In the LOCF analysis, a 54%–56% reduction from base-
line in TSC-associated seizures was observed across the 
12-week windows (Figure S3A); reduction was 61%–68% 

F I G U R E  1   Patient disposition. aOne 
patient taking cannabidiol (CBD) 25 mg/
kg/day in the randomized phase was 
withdrawn after completing the treatment 
because of vomiting and did not enter 
the open label extension (OLE); another 
patient taking CBD 50 mg/kg/day did not 
enter the OLE after completing treatment 
in the randomized phase because of 
logistical problems and on psychiatrist's 
recommendation. bWithdrawals are 
reported by the primary reason reported 
for each patient. cOne patient met the 
withdrawal criterion of elevation in 
ALT/AST levels. dOf patients who had 
other reasons, nine withdrew due to 
lack of efficacy, one withdrew because of 
difficulty maintaining compliance, and 
one switched to a commercial product. 
Abbreviations: AE, adverse event; ALT, 
alanine aminotransferase; AST, aspartate 
aminotransferase; CBD, cannabidiol; 
OLE, open-label extension
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T A B L E  1   Demographics and characteristics of patients in the OLE

Parameter

CBD modal dose

≤25 mg/kg/day
(n = 156)

>25 mg/kg/day
(n = 43)

Total CBD
(N = 199)

Age at entry to randomized, controlled phase, years

Mean (SD) 13.5 (10.5) 12.0 (8.0) 13.2 (10.0)

Median (range) 11.0 (1.1–56.8) 10.1 (1.7–32.7) 10.8 (1.1–56.8)

Age group, years, n (%)

<2 3 (2) 5 (12) 8 (4)

2–5 37 (24) 5 (12) 42 (21)

6–11 44 (28) 15 (35) 59 (30)

12–17 36 (23) 8 (19) 44 (22)

18–65 36 (23) 10 (23) 46 (23)

Sex, n (%)

Male 94 (60) 24 (56) 118 (59)

Race, n (%)

White 138 (88) 39 (91) 177 (89)

Other 18 (12) 4 (9) 22 (11)

Geographic region, n (%)

United States 77 (49) 26 (60) 103 (52)

Rest of the world 79 (51) 17 (40) 96 (48)

Number of ASMs at the start of randomized, controlled phase, median (range)

Previous 4 (0–15) 4 (0–13) 4 (0–15)

Current 3 (0–5) 3 (1–5) 3 (0–5)

ASMs at start of randomized, controlled phase (>20% of patients in any group), n (%)

Valproate 63 (40) 17 (40) 80 (40)

Vigabatrin 54 (35) 15 (35) 69 (35)

Levetiracetam 41 (26) 15 (35) 56 (28)

Clobazam 43 (28) 11 (26) 54 (27)

Most common ASMs during the OLE (>20% of patients in any group), n (%)

Valproate 65 (42) 17 (40) 82 (41)

Vigabatrin 56 (36) 15 (35) 71 (36)

Clobazam 50 (32) 14 (33) 64 (32)

Levetiracetam 42 (27) 15 (35) 57 (29)

Lamotrigine 30 (19) 15 (35) 45 (23)

Lacosamide 32 (21) 12 (28) 44 (22)

Oxcarbazepine 25 (16) 9 (21) 34 (17)

Number of seizures per 28 days, median (Q1, Q3)

TSC-associated 54.7 (27.5, 111.0) 66.0 (38.0, 106.0) 56.9 (28.0, 
109.0)

Total 57.0 (29.0, 116.9) 66.0 (38.0, 131.0) 58.9 (29.8, 
117.0)

Seizure subtypes, n (%)

Focal seizures without impaired awareness 69 (44) 21 (49) 90 (45)

Focal seizures with impaired awareness 108 (69) 26 (60) 134 (67)

Focal to bilateral motor seizures 51 (33) 8 (19) 59 (30)
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among patients who completed the weeks 37–48 treat-
ment window (Figure S4A).

More than 50% of patients had ≥50% reduction in TSC-
associated seizure frequency across the 12-week treat-
ment windows; ≥75% reduction in seizures was observed 
in >25% of patients (Figure 3A). More than 5% of patients 
were seizure-free during each 12-week treatment window, 
with seven patients (4%) remaining seizure-free the en-
tire treatment period. The proportion of patients who had 
≥25%, ≥50%, ≥75%, and 100% reduction in TSC-associated 
seizures remained consistent across the treatment win-
dows when LOCF was used to calculate responder rates 
(Figure S5A), as well as among patients who completed 
the weeks 37–48 treatment window (Figure S6A).

A median reduction from baseline of 51% in the 
monthly total seizure frequency was observed at the weeks 
1–12 treatment window; reduction in seizures was main-
tained across the 12-week treatment windows through 
week 48 (54%–67% reduction from baseline; Figure 2B). 
Reduction in total seizures ranged from 53%–70% in pa-
tients with a modal dose ≤25 mg/kg/day and 48%–55% in 
those with modal dose >25  mg/kg/day (Figure S2B). In 
the LOCF analysis, 50%–53% reduction in total seizure fre-
quency was observed (Figure S3B). Among patients who 
completed weeks 37–48 of treatment, 61%–67% reduction 
from baseline was observed (Figure S4B). Overall, a ≥50% 
reduction in total seizure frequency was observed in 51%–
60% of patients across the 12-week treatment windows 
for up to 48 weeks (Figure 3B). Patients reporting ≥25%, 
≥50%, ≥75%, and 100% reduction in seizures were consis-
tent across the treatment windows in the LOCF analysis 
of responder rates (Figure S5B), as well as among patients 
who completed the treatment window at weeks 37–48 
(Figure S6B).

At the 26-week visit, 87% of the 124 patients or care-
givers who completed the S/CGIC evaluations reported 

an improvement from baseline in the overall condition of 
patients (Figure 4). Improvements were reported by 80% 
of physicians on the PGIC scale.

4   |   DISCUSSION

In this interim analysis of the OLE phase of trial 
GWPCARE6, add-on CBD treatment had an acceptable 
safety profile and resulted in a sustained reduction in 
seizures associated with TSC through 48 weeks of treat-
ment. The safety profile of CBD in the OLE was consistent 
with that in the randomized, placebo-controlled phase of 
the trial, with more than 90% of patients on CBD report-
ing a treatment-emergent AE; most AEs were of mild or 
moderate severity. The safety profile was also consistent 
with that observed in the trials for Dravet and Lennox-
Gastaut syndromes, and no new safety concerns were 
identified.19,21,22,27–29  The most frequently reported AEs 
were similar in the OLE and the randomized, controlled 
phase, with diarrhea being most common. Although the 
etiology is not known, diarrhea has been reported as 
the most frequent AE in other clinical trials of CBD; in 
most cases, however, the severity was mild or moderate 
and resolved before the end of treatment.30,31 Permanent 
treatment discontinuation because of an AE was low 
(6%) despite some patients being on treatment for up to 
130  weeks, supporting a favorable safety profile of CBD 
for long-term use in patients with TSC-associated seizures.

Elevations in serum ALT/AST levels (>3 times ULN) 
were more frequently reported in patients on concomi-
tant valproate. This possible interaction between CBD and 
valproate leading to elevation in liver enzyme levels was 
also observed in the randomized phase of this trial, as well 
as in trials of patients with Dravet and Lennox-Gastaut 
syndromes.19,21,22,24,27–29  Therefore, it is recommended 

Parameter

CBD modal dose

≤25 mg/kg/day
(n = 156)

>25 mg/kg/day
(n = 43)

Total CBD
(N = 199)

Tonic–clonic 31 (20) 11 (26) 42 (21)

Tonic 43 (28) 14 (33) 57 (29)

Clonic 7 (4) 0 7 (4)

Atonic 21 (13) 4 (9) 25 (13)

Absence 18 (12) 4 (9) 22 (11)

Myoclonic 10 (6) 2 (5) 12 (6)

Partial sensory 3 (2) 2 (5) 5 (3)

Infantile or epileptic spasms 11 (7) 2 (5) 13 (7)

Abbreviations: ASM, antiseizure medication; CBD, cannabidiol; OLE, open-label extension; Q1, first quartile; Q3, third quartile; SD, standard deviation; TSC, 
tuberous sclerosis complex.

T A B L E  1   (Continued)
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that transaminase levels be monitored regularly in all pa-
tients taking CBD, especially those taking concomitant 
valproate.25 In 53% of patients with ALT/AST elevations, 

onset occurred within 1  month of starting treatment, 
which is also consistent with the controlled phase. In 
most patients, elevations resolved spontaneously, after 

T A B L E  2   Treatment-emergent adverse events during the OLE

Adverse event

CBD modal dose

≤25 mg/kg/day
(n = 156)

>25 mg/kg/day
(n = 43)

Total CBD
(N = 199)

Patients, n (%)

Any AE 142 (91) 42 (98) 184 (92)

AEs leading to permanent discontinuationa 12 (8) 0 12 (6)

Serious AEs 19 (12) 10 (23) 29 (15)

Deaths 1 (0.6) 0 1 (0.5)

AEs reported in >10% of patients in any group

Diarrhea 63 (40) 20 (47) 83 (42)

Seizure 30 (19) 14 (33) 44 (22)

Decreased appetite 26 (17) 13 (30) 39 (20)

Pyrexia 21 (13) 11 (26) 32 (16)

Vomiting 20 (13) 12 (28) 32 (16)

Somnolence 19 (12) 12 (28) 31 (16)

Nasopharyngitis 22 (14) 6 (14) 28 (14)

Upper respiratory tract infection 19 (12) 7 (16) 26 (13)

Alanine aminotransferase increasedb 7 (4) 6 (14) 13 (7)

Fall 8 (5) 6 (14) 14 (7)

Cough 7 (4) 5 (12) 12 (6)

Aspartate aminotransferase increasedb 5 (3) 5 (12) 10 (5)

Weight decreased 5 (3) 5 (12) 10 (5)

Serious AEs reported in >1% of patients in any group

Seizure 3 (2) 3 (7) 6 (3)

Status epilepticus 4 (3) 1 (2) 5 (3)

Influenza 2 (1.3) 0 2 (1)

Alanine aminotransferase increasedb 1 (0.6) 1 (2) 2 (1)

Aspartate aminotransferase increasedb 1 (0.6) 1 (2) 2 (1)

Dehydration 1 (0.6) 1 (2) 2 (1)

Mental status changes 0 2 (5) 2 (1)

Platelet count decreased 1 (0.6) 1 (2) 2 (1)

Transaminase increased 1 (0.6) 1 (2) 2 (1)

Blood bilirubin increased 0 1 (2) 1 (0.5)

Diarrhea 0 1 (2) 1 (0.5)

Gastroenteritis 0 1 (2) 1 (0.5)

Gastroenteritis astroviral 0 1 (2) 1 (0.5)

Lethargy 0 1 (2) 1 (0.5)

Respiratory tract infection 0 1 (2) 1 (0.5)

Seizure cluster 0 1 (2) 1 (0.5)

Soft tissue inflammation 0 1 (2) 1 (0.5)

Abbreviations: AE, adverse event; CBD, cannabidiol; OLE, open-label extension.
aIncludes patients who listed an AE as one of the reasons for permanent treatment discontinuation and one patient who died during the study.
bLiver enzyme elevations include only those reported as an adverse event.
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F I G U R E  2   Reduction in (A) TSC-associated seizure frequency and (B) total seizure frequency. (A) Data from the randomized, 
controlled phase of the trial are presented here for comparison. Abbreviations: CBD, cannabidiol; Q1, first quartile; Q3, third quartile; 
TSC, tuberous sclerosis complex; WD, number of patients who withdrew during a treatment window
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treatment discontinuation, or following CBD/ASM dose 
reductions. Thus discontinuation or reduction of CBD 
and/or concomitant valproate dose may be considered for 
management of liver enzyme elevations. Although the po-
tential for interaction between CBD and the mTOR inhib-
itors everolimus and sirolimus was not evaluated in this 
study, CBD treatment has been shown to produce a clini-
cally significant increase in the levels of mTOR inhibitors 
in some patients with TSC.32 Therefore, in patients taking 
CBD in addition to everolimus or sirolimus, the doses of 

these mTOR inhibitors may need to be adjusted to avoid 
potentially significant toxicity.

Treatment with CBD produced a sustained reduction 
in TSC-associated seizures, including countable focal 
and generalized seizures but excluding absence, myoc-
lonic, focal sensory, and infantile/epileptic spasms, as 
well as in total seizures, which included all of the above-
mentioned seizures types. In the randomized, placebo-
controlled phase of the trial, CBD produced an ~40% 
reduction in the frequency of seizures associated with 

F I G U R E  3   Responder rates for (A) TSC-associated seizures and (B) total seizures. Abbreviation: TSC, tuberous sclerosis complex
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TSC. Improvements during the OLE were higher and 
were sustained through 48  weeks of treatment. More 
than 50% reductions in TSC-associated and total seizures 
were observed during the 12-week treatment windows. 
Seizure responder rates (≥25%, ≥50%, and ≥75% reduc-
tion in seizures) were sustained throughout the study, 
with 29%–45% of patients experiencing ≥75% reduction 
in seizures and at least 5% of patients becoming seizure-
free during each 12-week treatment window reported 
here. This effect on seizure reduction and responder 
rates over time was not due to patient withdrawal, as 
consistently robust response was also observed with 
LOCF analyses conducted to assess the effect of patient 
withdrawals on seizure reduction end points.

In addition to the substantial reduction from baseline 
in seizure frequency, more than 80% of patients or their 
caregivers and physicians reported improvements in the 
overall condition of patients, assessed using S/CGIC and 
PGIC scales, indicating that CBD treatment provided 
meaningful improvement in patient quality of life.

In an analysis by modal dose, >90% of patients with 
modal dose ≤25  mg/kg/day and those with modal dose 
>25 mg/kg/day had an AE. A similar reduction in monthly 
seizure frequency was observed in patients with modal 
dose ≤25 mg/kg/day and those with modal dose >25 mg/
kg/day. However, both the safety and efficacy results by 
modal dose must be interpreted with caution because the 
dose categories were based on patients' modal or most fre-
quent dose, which could vary between the treatment win-
dows; in addition, the dose could be titrated up or down, 
depending on tolerability and response, throughout the 
follow-up.

Retention rate in OLE studies has been suggested as 
a measure of long-term benefit of antiseizure medica-
tions.33 The 1-year retention rate in the GWPCARE6 OLE 
was 79%, suggesting that most patients were receiving 
clinically meaningful benefit from CBD treatment. In 
addition, the mean modal dose did not vary considerably 
between the 12-week treatment windows, suggesting that 
patients did not develop tolerance to CBD, necessitating a 
dose increase to control seizure frequency.

The goal of an epilepsy treatment for patients with TSC 
is to prevent or control seizures as soon as possible after 
the diagnosis and with a minimum number of ASMs and 
AEs.13 ASMs are frequently prescribed treatment for sei-
zures associated with TSC13; in a study of patients enrolled 
in the TSC Natural History Database, >99% of patients had 
received an ASM therapy.34  TSC-associated seizures are 
difficult to manage and ~60% of patients taking ASMs have 
usually tried three or more distinct ASMs.34 Currently, 
vigabatrin is recommended as the first-line monother-
apy for infantile spasms and/or focal seizures associated 
with TSC in the first year of life13,35; however, the risk of 
a visual field constriction associated with prolonged use 
of vigabatrin remains a concern.13,36 Adrenocorticotropic 
hormone is recommended as the second-line treatment 
for infantile spasms.13,36 Topiramate, carbamazepine, and 
oxcarbazepine are also used as second-line therapies for 
focal seizures.37 The mTOR inhibitor everolimus has also 
shown efficacy as adjunctive treatment of TSC-associated 
focal-onset seizures.38 Standard treatment guidelines are 
recommended for other TSC-associated seizures.39 The 
results of our study show that add-on CBD can be an ef-
ficacious long-term treatment for TSC-associated seizures 

F I G U R E  4   Global impression of change in patients' overall condition on the S/CGIC and PGIC scales at the 26-week visit. 
Abbreviations: PGIC, Physician Global Impression of Change; S/CGIC, Subject/Caregiver Global Impression of Change
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with manageable side effects and has been approved in 
patients as young as 1 year of age in the United States.25

Our study does have some limitations. As an OLE, it 
did not include a placebo comparator. Efficacy measures 
and patient-reported outcomes were evaluated relative 
to the pre-randomization baseline of the trial; there-
fore, CBD exposure varied among patients depending on 
whether they were randomized to placebo or CBD group. 
Efficacy outcomes could have been affected by a change 
in the patient's concomitant medications, especially by 
addition of a new ASM. Patient/caregiver's impression 
of the improvement in patient's overall condition could 
have been affected by close monitoring and the percep-
tion of increased attention and care associated with par-
ticipating in a trial. Because this was an interim analysis 
of the OLE, not all patients had completed later treatment 
windows. Although classification of seizures in this trial 
was confirmed by the Epilepsy Study Consortium, video-
electroencephalographic confirmation of the individual 
seizure subtypes was not done.

Despite certain limitations, the results of this OLE 
of GWPCARE6 trial demonstrated that CBD had an 
acceptable safety profile as a long-term add-on treat-
ment for seizures associated with TSC. Reduction in 
the seizure frequency observed during the randomized, 
placebo-controlled phase of the trial was sustained during 
long-term CBD treatment. Patients and their caregiv-
ers reported meaningful improvements in the patient's 
overall condition on the S/CGIC scale; improvements 
were also reported by most physicians on the PGIC scale. 
Thus our results support the long-term benefit of add-on 
CBD therapy for patients with treatment-resistant epi-
lepsy associated with TSC. This trial was conducted with 
Epidiolex®/Epidyolex® and results do not apply to other 
CBD-containing products.
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