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Abstract

IMPORTANCE Cannabidiol has shown efficacy in randomized clinical trials for drug-resistant
epilepsy in specific syndromes that predominantly affect children. However, high-level evidence for
the efficacy and safety of cannabidiol in the most common form of drug-resistant epilepsy in adults,
focal epilepsy, is lacking.

OBJECTIVE To investigate the efficacy, safety, and tolerability of transdermally administered
cannabidiol in adults with drug-resistant focal epilepsy.

DESIGN, SETTING, AND PARTICIPANTS A randomized, double-blind, placebo-controlled,
multicenter clinical trial at 14 epilepsy trial centers in Australia and New Zealand. Participants were
adults with drug-resistant focal epilepsy receiving a stable regimen of up to 3 antiseizure
medications. Data were analyzed from July 2017 to November 2018.

INTERVENTIONS Eligible participants were randomized (1:1:1) to 195-mg or 390-mg transdermal
cannabidiol or placebo twice daily for 12 weeks, after which they could enroll in an open-label
extension study for up to 2 years.

MAIN OUTCOMES AND MEASURES Seizure frequency was self-reported using a daily diary. The
primary efficacy end point was the least squares mean difference in the log-transformed total seizure
frequency per 28-day period, adjusted to a common baseline log seizure rate, during the 12-week
treatment period.

RESULTS A total of 188 patients (45% male [85 patients] and 54.8% female [103 patients]) with a
mean (SD) age of 39.2 (12.78) years were randomized, treated, and analyzed (195-mg cannabidiol, 63
participants; 390-mg cannabidiol, 62 participants; placebo, 63 participants). At week 12 of the
double-blind period, there was no difference in seizure frequency between placebo (mean [SD] 2.49
[1.31] seizures per 28 days) and 195-mg cannabidiol (mean [SD] 2.51 [1.15] seizures per 28 days; least
squares mean difference, 0.014; 95% CI, −0.175 to 0.203; P = .89) or 390-mg cannabidiol (mean
[SD] 2.59 [1.12] seizures per 28 days; least squares mean difference, 0.096; 95% CI, −0.093 to 0.285;
P = .32). By month 6 of the open-label extension, 115 patients (60.8%) achieved a seizure reduction
of at least 50%. Treatment-emergent adverse events occurred in 50.4% (63 of 125 participants) of
the cannabidiol group vs 41.3% (26 of 63 participants) in the placebo group, with a treatment
difference of 9.1% (95% CI, −6.0% to 23.6%), and occurred at similar rates in the cannabidiol groups.
Few participants discontinued (7% [14 of 188 participants]), and most (98% [171 of 174 participants])
continued into the open-label extension.

CONCLUSIONS AND RELEVANCE Both doses of transdermal cannabidiol were well tolerated and
safe. No significant difference in efficacy was observed between cannabidiol and placebo during the

(continued)

Key Points
Question What is the efficacy, safety,

and tolerability of transdermally

administered cannabidiol in adults with

drug-resistant focal epilepsy?

Findings In a randomized, double-

blind, placebo-controlled, multicenter

clinical trial of 188 patients, no

difference was found in seizure

frequency at week 12 of the double-

blind period among the placebo, 195-mg

cannabidiol, and 390-mg cannabidiol

treatments. The open-label extension

demonstrated the long-term safety,

tolerability, and acceptability of

transdermal cannabidiol delivery, with a

seizure reduction of at least 50% in

more than half of the patients by month

6 of the trial.

Meaning Although cannabidiol did not

perform significantly better than

placebo in this trial, it was well tolerated

and safe; future studies to assess the

effect of higher doses may be

warranted.

+ Visual Abstract

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY-NC-ND License.

JAMA Network Open. 2022;5(7):e2220189. doi:10.1001/jamanetworkopen.2022.20189 (Reprinted) July 8, 2022 1/12

Downloaded From: https://jamanetwork.com/ on 07/11/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.20189&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.20189
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2022.20189&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2022.20189


Abstract (continued)

double-blind treatment period. The open-label extension demonstrated the long-term safety,
tolerability, and acceptability of transdermal cannabidiol delivery.

TRIAL REGISTRATION ACTRN12616000510448 (double-blind); ACTRN12616001455459
(open-label).

JAMA Network Open. 2022;5(7):e2220189. doi:10.1001/jamanetworkopen.2022.20189

Introduction

Focal seizures occur in more than 60% of patients with epilepsy and are the most common seizure
type in adults.1 Despite the introduction of many new antiseizure medications (ASMs) over the past 3
decades, seizures remain uncontrolled in approximately one-third of patients.2,3 Cannabidiol is the
primary noneuphoric cannabinoid found in the Cannabis sativa L plant. It has low affinity for
cannabinoid type 1 and cannabinoid type 2 receptors and is thought to exert its effects via other
mechanisms.4 Although the antiseizure effects of cannabidiol were noted more than 40 years ago,5,6

community and scientific interest in cannabidiol and other cannabinoids as potential treatments for
drug-resistant epilepsy has intensified7 following demonstrations of efficacy in suppressing seizures
in multiple in vivo models of epilepsy,8-11 as well as in open-label and randomized clinical trials in
various patient populations.12-15 The 2018 US Food and Drug Administration approval of an oral
solution (Epidiolex, Greenwich Biosciences) for the treatment of seizures associated with Lennox-
Gastaut syndrome or Dravet syndrome in patients aged 2 years and older16 further supports the
therapeutic potential of cannabidiol in epilepsy. However, there is currently no high-level evidence
for the efficacy and safety of cannabidiol as a treatment for common types of seizures
affecting adults.

Most cannabidiol-based therapies for the treatment of seizures are administered orally, but this
can cause gastrointestinal adverse events (AEs; eg, decreased appetite and cause diarrhea),17,18 may
reduce central nervous system availability as a result of first-pass metabolism,19 and may elevate liver
aminotransferase concentrations in nearly 10% of patients.14,20 Nonoral formulations have potential
to overcome all 3 of these limitations.

A pharmaceutically manufactured, clear, synthetic transdermal cannabidiol gel, ZYN002
(Zynerba Pharmaceuticals) has been developed to provide nonoral cannabidiol delivery with twice-
daily dosing. In phase 1 controlled trials in adults and patients with epilepsy (single ascending dose,
7-day multiple ascending dose) and in healthy adult volunteers (14-day repeat application),
transdermal cannabidiol doses ranging from 50 mg to 504 mg were safe and well tolerated, with no
clinically meaningful drug-related changes observed.21 The objective of this trial was to evaluate the
efficacy, safety, and tolerability of transdermal cannabidiol as adjunctive therapy for the treatment of
adults with focal seizures.

Methods

Trial Design
This phase 2A, randomized, double-blind, placebo-controlled, multicenter clinical trial (STAR 1), with
an open-label extension (OLE; STAR 2), assessed the safety, efficacy, and tolerability of cannabidiol
administered as a transdermal gel to adults with focal seizures (see Supplement 1 for study protocol).
This report follows the Consolidated Standards of Reporting Trials (CONSORT) reporting guideline.

The trial was conducted at 10 clinical study sites in Australia and 4 sites in New Zealand,
enrolling patients between June 1, 2016, and February 20, 2017, facilitated by the Australian Epilepsy
Clinical Trials Network. The protocol, informed consent form, and participant information and
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recruitment materials were reviewed and approved by the Health and Disability Ethics Committees
in New Zealand and the Human Research Ethics Committees in Australia. The trial was designed and
monitored in accordance with the procedures of the designated contract research organization,
Novotech Pty, Limited, which oversaw the study conduct. Participants provided written informed
consent at the screening visit before any study-related procedures were undertaken.

Participants
Participants were aged 18 to 70 years at the time of screening and in generally good health, with a
body mass index ranging from 18 to 35 (body mass index is calculated as weight in kilograms divided
by height in meters squared). They had a diagnosis of drug-resistant focal seizures for at least 2 years,
as documented by review of an electroencephalogram, magnetic resonance imaging scan, and
narrative from the physician who managed the participant’s epilepsy, and averaged at least 3
observable focal seizures per month with not more than 20 consecutive seizure-free days.
Participants had to be currently maintained with a stable regimen of up to 3 ASMs and could not be
taking clobazam, ethosuximide, felbamate, or vigabatrin (benzodiazepines other than clobazam
used as rescue medication were counted as ASMs if used more than 2 days per week). Complete
inclusion and exclusion criteria are provided in the study protocol (Supplement 1).

Randomization
Participants were randomized via an interactive web response system according to a randomization
scheme generated before study initiation. Once a participant qualified for study inclusion, the
investigative site received the randomization number for the participant using the interactive web
response system. A single randomization scheme was generated for use across all study sites.

Procedures
During the screening visit, a complete medical history and physical and neurological examinations
were performed. Blood samples were collected for clinical laboratory assessments and to determine
concomitant ASM plasma concentrations. All participants had their seizure history, seizure
classification, and diagnosis reviewed and confirmed by The Epilepsy Study Consortium before
randomization into the study. A paper seizure diary was used to record seizure type and daily
frequency of each seizure type. Participants were instructed to complete the diary from the
screening visit through the 8-week baseline period through day 84 of the treatment period. The
seizures of interest included focal aware seizures with motor features, focal impaired awareness
seizures, and focal to bilateral tonic-clonic seizures.

Following the 8-week baseline period, eligible participants were randomized in a 1:1:1 ratio to
195-mg transdermal cannabidiol (approximately 2.6 mg/kg), 390-mg transdermal cannabidiol
(approximately 5.3 mg/kg), or placebo daily. These doses were chosen according to extrapolation
from the literature of human plasma levels of cannabidiol following oral administration.22 Study
treatments were supplied as a transdermal gel and contained in foil-lined sachets. Each sachet
contained either 97.5 mg of cannabidiol (4.2% wt/wt) or placebo. During the double-blind portion of
the study, participants applied 2 sachets of the study drug twice daily (ie, every 12 ± 2 hours) to the
upper arms and shoulders for 12 weeks. No dose adjustments were made throughout the 12 weeks of
treatment. A daily skin-check diary was used to record the degree of application-site erythema
during the double-blind treatment period. Before each study dose, participants recorded the skin-
check score in the diary, which was reviewed by investigators during study visits.

Before initial dosing, participants had a predose blood sample obtained for plasma
concentrations of cannabidiol, tetrahydrocannabinol (THC), and ASMs. Blood samples for plasma
concentrations of concomitant ASMs and trough cannabidiol/THC plasma levels were collected at 2,
4, 6, 8, and 12 weeks of the treatment period, as well as review of diaries, vital signs, targeted physical
and neurological examinations (weeks 4 and 8), electrocardiograms (ECG; week 8), laboratory tests
(week 8), pregnancy tests, concomitant medication review, study drug application, skin irritation
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assessments, and AE review. Skin erythema was rated on a 5-point scale where 0 denotes no
erythema, 1 denotes minimal erythema, 2 denotes moderate erythema with sharply defined
borders, 3 denotes intense erythema with or without edema, and 4 denotes intense erythema with
edema and blistering or erosion. Participants were also administered the Columbia-Suicide Severity
Rating Scale.23

Participants completing the 12-week, double-blind study were offered enrollment into a 2-year
OLE study. Regardless of their allocation in the double-blind study, participants who continued into
the OLE were started at a dose of 390-mg cannabidiol daily. Seizure diaries were required, with diary
review occurring at the second week after entry; the first, second, and third month after entry; and
every 3 months thereafter. During the OLE, blood samples for cannabidiol and THC trough analysis
were collected at weeks 2, 4, 8, and 12 and then every 3 months for the remainder of the study. Five
months into the OLE, the protocol was amended so investigators had the option of increasing the
daily cannabidiol dose to 585 mg (approximately 7.9 mg/kg). After 1 month at 585 mg, the daily dose
could be increased to 780 mg (approximately 10.5 mg/kg). The decision to increase the cannabidiol
dose in a stepwise fashion was done to expand the assessment of tolerability and seizure control.

Participants who did not enroll in the OLE study underwent a 2-week blinded dose reduction
beginning at the end of 12 weeks after randomization and ceased usage of the study drug by 15 weeks
after randomization.

Study End Points
Efficacy
The primary efficacy end point was the log-transformed seizure frequency using the transformation
natural log (ln)(SF28 + 1), where SF28 was the total seizure frequency per 28-day period during the
12-week treatment period, with 1 added to account for situations where SF28 = 0.24-26

Secondary efficacy end points were change from baseline in SF28, percentage change from
baseline in SF28, response rate based on 50% or greater reduction from baseline in SF28 during the
treatment period, and percentage of participants who were seizure-free during the
treatment period.

Pharmacokinetics
Steady-state plasma trough concentrations were determined for cannabidiol and for participants’
current ASMs and THC. Analyses of cannabidiol and THC in plasma were done using a validated high-
performance liquid chromatography with tandem mass spectrometry detection, with a lower limit
of quantitation of 0.2 ng/mL.

Statistical Analysis
It was estimated that a sample size of 60 participants per treatment group would have a power of
88% to detect a difference between active treatment and placebo if the 50% responder rate was
40% for the active group and 15% for the placebo group. To account for an anticipated screening
failure rate of 15%, 210 participants were enrolled to ensure a minimum of 180 participants.

Three populations were analyzed: intent-to-treat, pharmacokinetic, and safety. The intent-to-
treat population was used to analyze efficacy; it included all participants who applied at least 1 dose
of study medication and had at least 1 postbaseline seizure assessment. All analyses were based on
2-sided tests at the significance level of P < .05. The pharmacokinetic population was used to
summarize plasma concentrations and included all participants who received at least 1 application of
the study drug and had a plasma concentration obtained from at least 1 of the 3 postrandomization
evaluations. The safety population, which was used to analyze safety, included all participants who
received at least 1 dose of the study drug. All statistical analyses were performed using SAS statistical
software version 9 or higher (SAS Institute).

The primary efficacy comparison was the adjusted least squares means difference from placebo
for 195-mg cannabidiol and 390-mg cannabidiol. An analysis of covariance model was used on the
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log–transformed SF28 value (SF28 + 1), with treatment group and site as main effects and baseline
ln(SF28 + 1) as a covariate. Pairwise comparisons of the active treatments with placebo were made
using least squares means.

Secondary efficacy end points were analyzed as follows. For percentage change from baseline
for the 12-week treatment period, a Mann-Whitney U rank sum nonparametric test was used to
compare each active treatment group with the placebo treatment group. The maximal percentage
change possible was 100%, corresponding to no seizures during treatment. Adjusted median
difference with 95% CIs between each active treatment group and the placebo group were
determined using the Hodges-Lehmann estimator technique. The analysis of 50% responder rates
compared each active treatment with placebo using a logistic regression model with factors for
treatment group and site. The number of patients who were completely seizure-free during
treatment was summarized by treatment group using descriptive statistics.

Among those who chose to continue into the OLE, descriptive statistics were used to
characterize changes in seizure frequency (quantified as percentage reduction from baseline). For
simplicity, because of differences among original randomized groups in total drug exposure and
duration of such exposure, participants were collapsed into a single OLE group among whom seizure
frequency was tracked on a monthly basis. Data were analyzed for patients completing 18 months
of OLE, as they represented the most current complete data at the time of manuscript preparation.

All AEs were coded using the Medical Dictionary for Regulatory Activities, version 19.127 and
summarized using descriptive statistics by system organ class and preferred term. Data were
analyzed from July 2017 to November 2018.

Results

Of the 210 participants enrolled in the study, 54.8% (103 participants) were female, and the mean
(SD) age was 39.2 (12.78). A total of 188 (89.5%) were randomized (195-mg cannabidiol, 63
participants; 390-mg cannabidiol, 62 participants; placebo, 63 participants) and received at least 1
application of the study drug, and 174 (92.6%) completed 12 weeks of double-blind treatment
(Figure). Few participants discontinued (7% [14 of 188 participants]), and most (98% [171 of 174
participants]) continued into the open-label extension. Demographics and baseline characteristics
are shown in Table 1.

On the primary efficacy end point (Table 2), the adjusted least squares mean difference from
placebo was 0.014 for 195 mg of cannabidiol and 0.096 for 390 mg of cannabidiol. At week 12 of the
double-blind period, there was no difference in seizure frequency between placebo (2.49 seizures

Figure. Trial Patient Flow

210 Patients assessed for eligibility

22 Did not meet inclusion/exclusion criteria 

63 Randomized to receive placebo

63 Included in the safety analysis
63 Included in the efficacy analysis 

63 Included in the safety analysis
62 Included in the efficacy analysisa

62 Included in the safety analysis
61 Included in the efficacy analysisa 

63 Randomized to receive
195 mg of cannabidiol

62 Randomized to receive
390 mg of cannabidiol

188 Randomized

1 Discontinued 
1 Adverse events
0 Withdrew consent
0 Lost to follow-up 

6 Discontinued 
2 Adverse events
4 Withdrew consent
0 Lost to follow-up 

7 Discontinued 
2 Adverse events
2 Withdrew consent
3 Lost to follow-up 

a Two patients did not complete at least 1 postbaseline
patient seizure diary and were excluded from the
efficacy population. One patient was randomized to
the 195-mg treatment group and 1 patient was
randomized to the 390-mg treatment group.
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per 28 days) and 195-mg cannabidiol (2.51 seizures per 28 days; least squares mean difference, 0.02;
P = .89) or 390-mg cannabidiol (2.59 seizures per 28 days; least squares mean difference, 0.1;
P = .32). These adjusted differences from placebo were not significant.

As shown in Table 3, although the median percentage change in SF28 from baseline was greater
for both the 195-mg and 390-mg cannabidiol groups than for the placebo group, the differences
were not significant. Results on the remaining secondary efficacy end points are presented in
eTable 1, eTable 2, eTable 3, and eTable 4 in Supplement 2.

Of the 174 participants who completed the 12-week, double-blind treatment period, 171 (98%)
continued into the OLE. eFigure 1 in Supplement 2 shows that the median (range) percentage change
in seizure frequency was −29% (−100% to 776%) at month 1 (169 participants), −57% (−100% to
87%) (98 participants) at month 8, and −67% (−100% to 180%) (49 participants) at month 17.
Notably, by month 6 of the OLE, 60.8% (115 participants) of participants who remained in the study
experienced a reduction in seizure frequency of approximately 50%.

Participants who completed 18 months of the OLE (63 participants) experienced a reduction in
seizures by the third month after entry (49%) that remained stable throughout the 18-month

Table 1. Demographics and Baseline Characteristics in the Safety Population

Characteristic

Patients, No. (%)

Placebo (n = 63)

Cannabidiol

Total (N = 188)195 mg (n = 63) 390 mg (n = 62)
Age, mean (SD), y 40.3 (13.35) 37.0 (12.55) 40.4 (12.32) 39.2 (12.78)

Sex

Male 27 (42.9) 32 (50.8) 26 (41.9) 85 (45.2)

Female 36 (57.1) 31 (49.2) 36 (58.1) 103 (54.8)

Race

Aboriginal or Torres Strait
Islander

0 0 1 (1.6) 1 (0.5)

Asian 3 (4.8) 4 (6.3) 5 (8.1) 12 (6.4)

White 56 (88.9) 56 (88.9) 54 (87.1) 166 (88.3)

Othera 4 (6.3) 3 (4.8) 2 (3.2) 9 (4.8)

Weight, mean (SD), kg 74.95 (15.40) 76.50 (17.92) 74.35 (18.88) 75.27 (17.38)

Height, mean (SD), cm 169.63 (10.46) 170.69 (9.98) 168.75 (12.12) 169.69 (10.86)

Body mass index, mean (SD)b 25.97 (4.54) 26.03 (4.59) 25.77 (4.57) 25.93 (4.54)

Seizure frequency in past month,
mean (SD)

Focal impaired awareness 16.7 (24.85) 13.1 (22.83) 16.7 (27.36) 15.5 (25.00)

Focal aware with motor features 12.4 (44.72) 21.1 (82.97) 8.1 (21.11) 13.9 (55.68)

Focal to bilateral tonic-clonic 0.8 (2.74) 1.3 (7.76) 4.8 (26.05) 2.3 (15.66)

a Includes Dutch, Eurasian, Mixed Race Asian/White,
Eurasian, Moroccan, Samoan, Eurasian, and Greek;
there was 1 participant in all categories except
Eurasian, for which there were 2.

b Body mass index is calculated as weight in kilograms
divided by height in meters squared.

Table 2. Log-Transformed Seizure Rates During Treatment in the Intent-to-Treat Population

Time point

Seizure rate, (ln[seizure frequency per 28-d period + 1])

Placebo (n = 63)

Cannabidiol

195 mg (n = 62) 390 mg (n = 61)
Baseline

Mean (SD) 2.76 (1.17) 2.87 (1.11) 2.73 (1.05)

Median (IQR) 2.44 (1.32-5.76) 2.71 (0.88-6.03) 2.41 (1.25-5.82)

Treatment

Mean (SD) 2.49 (1.31) 2.58 (1.15) 2.56 (1.123)

Median (IQR) 2.16 (0.00-5.70) 2.42 (0.29-5.75) 2.37 (0.70-6.05)

P value NA .89 .32

Adjusted LS mean ln seizure rate 2.49 2.51 2.59

LS mean difference from placebo
(ln[seizure rates +1])

NA 0.014 0.096 Abbreviations: ln, natural log; LS, least squares; NA,
not applicable.
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treatment period (eFigure 2 in Supplement 2). By month 8, the seizure response in the cohort of
patients who completed the OLE was similar to the overall population suggesting seizure response
trajectory was not related to length of follow-up in the OLE study.

Among participants randomized to active treatment, predose trough plasma cannabidiol
concentrations ranged from 0.72 ng/mL to 77.50 ng/mL. During the OLE, cannabidiol predose
concentrations peaked at 235 ng/mL. The intent was to capture the cannabidiol trough
concentrations. However, in some instances, patients took their morning dose before the study visit
or samples were collected beyond the dosing interval. Plasma THC concentrations were below the
limit of quantitation.

The overall incidence of treatment-emergent AEs (TEAEs) during the double-blind treatment
period was 50.4% (63 of 125 participants) among participants receiving cannabidiol 195 mg or 390
mg and 41.3% (26 of 63 participants) in those who received placebo (Table 4). Treatment-related
TEAEs were experienced by 25.6% (32 of 125 participants) of participants in the active treatment
groups and 12.7% (8 of 63 participants) of participants in the placebo group.

In all 3 treatment groups, the majority of TEAEs (96.6% [86 of 89 participants]) were mild or
moderate. The most common TEAEs during the double-blind treatment period occurring in more
than 2% of cannabidiol-treated participants are listed in eTable 5 in Supplement 2.

The incidence of serious AEs was similar in the placebo and the combined cannabidiol groups
(Table 4), all considered unrelated to the study drug. Serious TEAEs in all groups were recovered or
resolved by end of study, except for 1 participant in the placebo group with abdominal distension
adjudicated as a new medical condition of stage III high-grade ovarian cancer.

Table 3. Change From Baseline in Seizure Rates in the Intent-to-Treat Population

Time point

Percentage change in seizure rate, (Seizure Frequency per 28-Day Period)

Placebo (n = 63)

Cannabidiol

195 mg (n = 62) 390 mg (n = 61) Total (N = 123)
Baseline

Mean (SD) 34.84 (60.38) 34.67 (61.85) 30.88 (61.25) 32.79 (61.33)

Median (IQR) 10.50 (2.8 to 316.5) 14.00 (1.4 to 416.0) 10.14 (2.5 to 335.5) 11.59 (1.4 to 416.0)

Treatment

Mean (SD) 27.36 (46.55) 27.54 (51.25) 27.71 (59.70) 27.63 (55.37)

Median (IQR) 7.67 (0.0 to 297.1) 10.30 (0.3 to 314.3) 9.67 (1.0 to 424.5) 10.00 (0.3 to 424.5)

Percentage change

Mean (SD) 13.26 (48.83) 19.92 (34.55) 11.95 (34.96) 15.97 (34.84)

Median (IQR) 8.70 (−199.1 to
100.0)

18.42 (−64.9 to
91.4)

14.03 (−117.0 to
79.5)

16.00 (−117.0 to
91.4)

P value Not applicable .43 .85 .73

Table 4. Treatment-Emergent Adverse Events During Double-Blind Treatment

Type of adverse event

Patients, No. (%)

Placebo (n = 63)

Cannabidiol

195 mg (n = 63) 390 mg (n = 62) Total (N = 125)
Treatment-emergent adverse events 26 (41.3) 31 (49.2) 32 (51.6) 63 (50.4)

Mild 15 (23.8) 19 (30.2) 19 (30.6) 38 (30.4)

Moderate 10 (15.9) 12 (19.0) 11 (17.7) 23 (18.4)

Severe 1 (1.6) 0 2 (3.2) 2 (1.6)

Adverse events related to treatment 8 (12.7) 11 (17.5) 21 (33.9) 32 (25.6)

Adverse events resulting in
discontinuation

1 (1.6) 3 (4.7) 2 (3.2) 5 (4.0)

Serious adverse events 3 (4.8) 1 (1.6) 4 (6.5) 5 (4.0)
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No clinically meaningful changes from baseline in clinical laboratory parameters (including free
testosterone levels), vital signs, physical and neurological examination findings, or ECGs were
observed in any of the treatment groups.

During the OLE period through 18 months, the TEAE profile of transdermal cannabidiol
remained consistent with observations during the double-blind phase (eTable 6 in Supplement 2).
Three serious AEs were considered possibly related to cannabidiol: tonic-clonic seizures requiring
hospitalization (2 participants) and increased anxiety (1 participant). One death occurred following
the visit at month 15 after entry; an autopsy revealed severe coronary atherosclerosis, which was not
considered related to the study drug. There were no abnormal liver enzyme AEs and no alanine
aminotransferase or aspartate aminotransferase levels greater than 3 times the upper limit of normal
while receiving cannabidiol.

Discussion

To our knowledge, this is the first randomized, double-blind, placebo-controlled clinical trial of a
cannabidiol treatment for adults with focal seizures and the first to investigate transdermal delivery
of cannabidiol in this common group of patients. On the primary efficacy end point, there was no
significant difference in seizure frequency between participants in the placebo group and those in
the 195-mg or 390-mg cannabidiol treatment groups. The absence of a treatment effect with
transdermal cannabidiol may be attributable to a number of factors. Participants in this trial could not
use clobazam to avoid confounding the efficacy assessment, as cannabidiol is known to increase
levels of norclobazam (an active metabolite of clobazam).28 The absence of clobazam may have
reduced the response in the active treatment groups in this study compared with other cannabidiol
trials.13,14 It is also possible cannabidiol doses were too low, time to onset of effect exceeded 12
weeks, or the response to cannabidiol in adults with focal epilepsy is not as robust as seen in patients
with Dravet syndrome, Lennox-Gastaut syndrome, or tuberous sclerosis complex.13-15 Efficacy has
been observed with higher doses (500-1000 mg per day) of transdermal cannabidiol in patients with
developmental epileptic encephalopathies, with a median reduction in focal impaired awareness
seizures of 44.5%.29

Transdermal administration of cannabidiol successfully achieved plasma concentrations that
overlap those reported with oral cannabidiol (5-10 mg/kg).15 The nominal rate of seizure reduction
seen in the high-dose cannabidiol treatment group compared with the low-dose group suggests the
lack of a dose-response relationship. The lack of separation from placebo by either active treatment
group, the substantial variation in interindividual and intraindividual plasma concentrations (which
has also been reported in trials of oral cannabidiol),15 and the wide variability in individualized dosing
trajectories over the course of the OLE confound meaningful characterization of a dose-response
relationship. Understanding the relative influence of cannabidiol dose on seizure outcomes remains
an important next step in the overall assessment of transdermal cannabidiol.

Both doses of transdermal cannabidiol showed excellent tolerability and safety, substantially
better than observed in clinical trials of orally administered cannabidiol.12-15,30 Although the
incidence of TEAEs was slightly higher than placebo, few led to discontinuation (7% rate of
discontinuation from the double-blind phase and the 98% rate of continuation into the OLE study,
with more than one-third of participants continuing to take the study treatment for at least 17
months). There were no clinically meaningful changes from baseline in clinical laboratory
assessments, vital signs, ECGs, physical examinations, or neurological findings. The lack of abnormal
liver enzymes over 18 months of the OLE study may reflect an advantage of transdermal delivery vs
oral administration; other advantages may include fewer gastrointestinal side effects (diarrhea, 4%,
and vomiting, 5%, vs 31% and 15%, respectively, with cannabidiol oral solution)20 and reduced
susceptibility to the first-pass metabolism.
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Limitations
This study had several limitations. The documented persistence of placebo response makes it
possible that the placebo effect was a factor in the seizure reductions observed in the OLE. This trial
studied patients with focal epilepsy, which is more heterogeneous in cause than Dravet syndrome13,17

and tuberous sclerosis complex,15 which were studied in previous trials of oral cannabidiol. Focal
epilepsies are the most common group of epilepsies in adults, as well as the most common studied
in ASM trials.

Conclusions

Although the active treatment groups did not separate from placebo during blinded treatment, long-
term seizure rates in cannabidiol-treated participants were reduced compared with what may be
expected in a population of adults with focal seizures. As a result, additional randomized, well-
controlled clinical trials using higher doses of transdermal cannabidiol in this patient population
appear to be warranted.
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