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Abstract

Key Points

IMPORTANCE Developmental and epileptic encephalopathies (DEEs) are the most severe group of
drug-resistant epilepsies. Alternatives to oral therapies are urgently needed to reduce seizures and
improve developmental outcomes and comorbidities in this medically complex population.

Question Can children with
developmental and epileptic
encephalopathies tolerate adjunctive
cannabidiol (CBD) transdermal gel, and

OBJECTIVE To assess the safety and tolerability of cannabidiol (CBD) transdermal gel in children
with DEEs and to evaluate seizure frequency, sleep, and quality of life.

is CBD gel associated with reduced
seizure frequency?
Findings In this nonrandomized

DESIGN, SETTING, AND PARTICIPANTS This nonrandomized controlled trial was conducted in 2

controlled trial, CBD transdermal gel was

centers in Australia and New Zealand from April 2018 to July 2019. Children and adolescents aged 3

well tolerated over 6.5 months of

to 18 years with DEEs who were receiving a stable regimen of 1 to 4 antiseizure medications were

treatment, with 60% of patients

eligible for this study. After 1-month baseline and titration periods, patients entered a 5.5-month

experiencing a treatment-related

flexible-dosing maintenance period for a total of 6.5 months of treatment. Data were analyzed

adverse event, 96% of which were mild

throughout the 6.5-month treatment period.

or moderate. A 43.5% reduction in
seizure frequency was observed in focal

INTERVENTIONS Twice-daily applications of CBD transdermal gel at doses of 125 to 500 mg for

impaired awareness seizures and

6.5 months.

tonic-clonic seizures.
Meaning These results suggest that

MAIN OUTCOMES AND MEASURES Safety and tolerability assessments included adverse events
(AEs) and examination of skin. The outcome for seizures was the median percentage change from
baseline in monthly (28-day) seizure frequency of focal impaired awareness seizures (FIAS) and
tonic-clonic seizures (TCS) over 6.5 months.

CBD transdermal gel is well tolerated in
children with developmental and
epileptic encephalopathies and may be
associated with a reduction in epileptic
seizures.

RESULTS Of 48 patients (mean [SD] age, 10.5 [3.8] years; 26 [54%] boys), 29 (60%) had at least 1
treatment-related AE over 6.5 months; 44 of 46 treatment-related AEs (96%) were mild or
moderate. Treatment-related AEs that occurred in at least 5% of patients were application-site
dryness, application-site pain, and somnolence (each reported by 4 patients [8%]). The only
treatment-related gastrointestinal AE was diarrhea, reported in a single patient. CBD treatment was

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

associated with reductions in FIAS and TCS frequency. Analysis of the 33 patients with FIAS and TCS
showed a median (interquartile range) monthly reduction in seizures of 58% (−5.3% to 81.8%) at 5
months and 43.5% (−23.8% to 57.5%) over the entire 6.5-month study period. Parents and
caregivers noted improvements in social or interpersonal engagement and irritability (33 of 43 [77%]
participants); alertness, energy, and sleep (23 of 43 [53%]); and cognition or concentration (20 of
43 [47%]).
CONCLUSIONS AND RELEVANCE In this study, CBD transdermal gel was safe, well tolerated, and
was associated with reductions in FIAS and TCS frequency and disease burden.
(continued)
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Introduction
Developmental and epileptic encephalopathies (DEEs) are the most severe group of epilepsies and
typically begin in infancy and childhood. They include, but are not limited to, many well-known
epilepsy syndromes, such as Dravet, Lennox-Gastaut syndrome (LGS), West, and myoclonic-atonic
epilepsy. The incidence of DEEs with onset under 18 months is at least 1 in 2000 live births,1 which
does not include Dravet syndrome (because of methodology) and syndromes beginning at an older
age, such as LGS.1,2
DEEs are defined by drug-resistant seizures, frequent epileptiform activity, and developmental
slowing.3-5 Patients with DEEs usually have intellectual disabilities, often coupled with behavioral
problems. Comorbidities contribute to their clinical instability and include motor disorders (up to
75%), autism spectrum disorder (47%), sleep disturbance (58%), chronic respiratory tract infections
(33%), need for a percutaneous endoscopic gastrostomy (PEG) tube (15%), and an increased
mortality risk.6-12 DEEs are usually refractory to antiseizure medicines (ASMs), and ameliorating
epileptiform activity may improve developmental outcome.13
ASMs are usually administered orally, which is often extremely challenging in children with
behavioral and cognitive problems. Restraint, or even insertion of a PEG tube, may be required for
therapy to be given in consistent doses. A safe and effective nonoral alternative could facilitate
adherence to prescribed therapeutic regimens and thereby improve outcomes.
Cannabidiol (CBD), the primary nonpsychoactive cannabinoid of the cannabis plant, reduces
neuronal excitability and limits seizures through effects on multiple targets.14 An open-label trial of
oral CBD suggested it was safe and well tolerated in patients with drug-resistant epilepsy.15 This was
followed by randomized clinical trials enrolling patients with Dravet syndrome16,17 and LGS.18,19 Orally
administered treatments in patients with DEEs remains a challenge, and alternative methods of drug
delivery deserve consideration.
We performed an open-label study of a transdermal gel formulation of CBD20 (Zynerba
Pharmaceuticals) in children with DEEs. The primary objective of the study was to evaluate the safety
and tolerability of CBD transdermal gel in children with DEEs. Secondary objectives were to evaluate
associated changes in seizure frequency according to seizure type, sleep disturbance, caregiver
burden, and quality of life.

Methods
Ethics
This study was conducted in accordance with the principles of the Guidelines for Good Clinical
Practice, the Declaration of Helsinki,21 the Transparent Reporting of Evaluations With
Nonrandomized Designs (TREND) reporting guideline, and all applicable local regulations. The
protocol was approved by the human research ethics committee at Austin Health and the New
Zealand Health and Disability ethics committee (Supplement 1). Patients, parents, or legal guardians
provided written informed consent at screening.

Study Design and Patients
This open-label, 2-center study (conducted in health centers in Melbourne, Australia, and Wellington,
New Zealand) assessed the long-term safety and tolerability of CBD transdermal gel in children with
DEEs.13 Eligible patients included children aged 3 to 18 years with 1 or more years since DEE
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diagnosis. Eligible patients had 5 or more countable seizures during the 28-day baseline period.
Countable seizure types required clear observable signs and included focal impaired awareness
seizures (FIAS, previously called complex partial seizures), tonic-clonic seizures (TCS), atonic, tonic,
clonic, focal aware motor seizures, and epileptic spasms. Categorization of TCS included both
generalized TCS and focal to bilateral TCS, which can be difficult to distinguish clinically.
Patients were excluded if they currently or recently (within 3 months) received cannabis-based
therapy. Patients were disqualified if their levels of alanine aminotransferase, aspartate
aminotransferase, or bilirubin were more than 3 times the upper limit of normal. Other exclusion
criteria were a change in epilepsy dietary therapy in the 1 month prior to screening or current use of a
strong inhibitor or inducer of CYP3A4 or a sensitive substrate for CYP3A4.
This study included a baseline period of 1 month followed by treatment with CBD transdermal
gel for a total of 6.5 months, which consisted of a 1-month titration period and a 5.5-month flexibledosing maintenance period. Parents and caregivers were taught how to apply CBD transdermal gel.
The first patient was enrolled in April 2018, and the last patient completed 6.5 months of treatment
in July 2019. As this was a nonrandomized, controlled (ie, before and after) study, treatment
assignment was neither randomized nor masked.
Parents or caregivers recorded daily seizure frequency in a paper diary and provided a skin
check score using a 5-point scale (0 = no erythema, 1 = minimal erythema, 2 = moderate erythema
with sharply defined borders, 3 = intense erythema with or without edema, and 4 = intense
erythema with edema and blistering/erosion).22 Investigators reviewed the diaries at each visit.
Study visits occurred at weeks 2, 4, 6, 14, and 26 (defined as 6.5 months based on 4-week
months). A 6-month extension study is ongoing. Patients not continuing into the 6-month extension
study entered a 1- to 3-week taper period, with the duration depending on the CBD dose. Telephone
review occurred 1 month after the taper finished.

Outcomes
Safety
Safety assessments included adverse event (AE) review, physical and neurologic examinations, vital
signs, electrocardiogram, skin check examination (by an investigator) and diary (completed by a
parent or caregiver), and clinical laboratory tests (ie, hematology, chemistry, urinalysis, urine drug
screen, testosterone [for male participants]).
Seizures
Seizures were captured daily and analyzed by monthly period. Seizure outcome was assessed by
change in monthly (ie, 28-day) mean seizure frequency. Seizure frequency was captured for each
seizure type. As the best response was observed in FIAS and TCS, these seizure types were subjected
to further analysis.
Secondary outcomes included the scores on the University of Washington Caregiver Stress
Scale,23 the modified Epilepsy and Learning Disabilities Quality of Life (ELDQOL-modified) scale24
(modified to eliminate the side effect profile), and the Sleep Disturbance Scale for Children25 (SDSC).
These were completed by caregivers at baseline, 3.5 months, and end of study (eTable 1 in
Supplement 2). At 6.5 months, a qualitative assessment interview of caregivers ascertained any
changes related to the patient’s daily activities, school attendance, behaviors, seizures, and other
relevant matters. For patients who discontinued early, assessments at 6.5 months were completed
at the early termination visit.

Treatments
Study treatment was a 4.2% topical CBD transdermal gel supplied in sachets containing 2.98 g and
delivering 125 mg CBD per sachet. Doses were administered twice daily. Initial total daily doses were
250 mg/d for patients weighing 25 kg or less and 500 mg/d for patients weighing more than 25 kg.
At 1 month, further increases to 500 mg/d for patients weighing 25 kg or less and 750 mg/d for
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patients weighing more than 25 kg were permissible. At 2.5 months, increases to 750 mg/d for
patients weighing 25 kg or less and 1000 mg/d for those weighing more than 25 kg were permissible.

Statistical Analysis
The safety analysis included all patients who received at least 1 dose of the study drug
(Supplement 3). All AEs were classified by preferred term using the Medical Dictionary for Regulatory
Activities version 21.0 and summarized using descriptive statistics by therapeutic class and preferred
term. Application site erythema ratings were summarized at all visits.
The number and percentage of patients with treatment-emergent AEs (TEAEs) and serious AEs
(SAEs) are presented with 95% CIs based on a binomial distribution. Seizure frequency analysis
included all patients who were administered 80 days of study medication and completed 80% of
seizure diaries. Reductions in seizure frequency from baseline were calculated for each period as
frequency(baseline) − frequency(period x). The percentage reduction from baseline in seizure
frequency was calculated as 100 × [frequency(baseline) − frequency(period
x)] / frequency(baseline). In addition, a patient was categorized as a 35%, 50%, or 90% responder if
their reduction in seizure frequency was equal to or greater than 35%, 50%, or 90%, respectively.
Seizure frequency was assessed by the median percentage change in monthly (ie, 28-day)
seizure frequency according to seizure type (first and third quartile [Q1, Q3] and interquartile range
[IQR]). The percentage of responders is presented with 95% CIs and standard errors (SEs) based on
the binomial distribution. For sleep and quality of life outcomes, mean changes from baseline are
reported and the P value is based on a paired t test. Two independent reviewers categorized the end
of study qualitative statements from the caregivers and results are summarized descriptively.
As this study was exploratory, a formal sample size was not determined. A total of 54 patients
were screened with the aim of enrolling 50 patients in open-label treatment. The cohort was chosen
to be representative of a broad range of DEEs, with the number of patients with Dravet syndrome
and LGS limited to approximately a quarter of the cohort. The threshold for significance was P < .05
in 2-sided tests.

Results
Patients
Of 48 patients (26 [54.2%] boys), the mean (SD) age at enrollment was 10.5 (3.8) years. Patients had
a wide range of DEE syndromes and etiologies (Table 1). Intellectual disability was present in 47
patients, ranging from profound (11 of 48 patients [23%]), severe (20 of 48 [42%]), and moderate (8
of 48 [17%]) to mild (8 of 48 [17%]). Patients had a range of comorbidities: 14 (29%) had autism
spectrum disorder, 18 (38%) had chronic respiratory tract conditions or infections, 22 (46%) had gait
and movement disorders, 7 (15%) had a PEG tube, and 19 (40%) had sleep disturbances. Patients
were taking a mean (SD) of 2.7 (1.1) concomitant ASMs, the most common of which were sodium
valproate (34 patients [71%]), clobazam (25 patients [52%]), levetiracetam (17 patients [35%]),
lamotrigine (16 patients [33%]), and topiramate (13 patients [27%]).
Of the 54 screened patients with DEEs, 48 were enrolled and 46 patients (treatment cohort)
were included in the seizure frequency analysis (Figure 1). Two patients were excluded from this
analysis: 1 did not complete 80% of seizure diaries, and 1 did not use CBD transdermal gel for the
minimum duration of 80 days. A total of 8 (17%) patients discontinued CBD: 1 because of an
application site reaction, and 7 because of lack of effect.

Safety
In the 1-month baseline period, 29% patients reported at least 1 AE. Over the 6.5-month treatment
period, 46 of 48 patients (96%; 95% CI, 85.8%-99.5%) reported at least 1 TEAE. The incidence ratios
of AEs compared with baseline decreased from 2.5 at 1 month to 1.0 at 6 months. The most common
TEAEs were upper respiratory tract infection, nasopharyngitis, somnolence, and vomiting (Table 2).
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Sixty percent of patients (29 of 48) experienced a treatment-related AE. Most treatmentrelated AEs were mild (32 of 46 [70%]) or moderate (12 of 46 [26%]). Treatment-related AEs that
occurred in at least 5% of patients were application site dryness, application site pain, and
somnolence (each reported by 4 patients [8%]). All 4 patients with somnolence were taking
concomitant clobazam. The only treatment-related gastrointestinal AE was diarrhea, which was

Table 1. Demographic and Baseline Characteristics
Characteristic

Participants, No. (%)

Safety cohort (48 participants)
Age, mean (SD), y

10.5 (3.8)

Sex
Boys
Girls

26 (54.2)
22 (45.8)

Weight, mean (SD), kg

39.3 (20.0)

Height, mean (SD), cm

139.0 (20.4)

BMI, mean (SD)

19.2 (4.9)

Etiology
Genetic or presumed genetic

43 (89.6)

Nonstructural

38 (79.2)

Structural malformationa

5 (10.4)

Brain injuryb

5 (10.3)

Syndrome
Dravet syndrome

8 (16.7)

Lennox-Gastaut syndrome

5 (10.4)

Myoclonic-atonic epilepsy

6 (12.5)

West syndrome

3 (6.3)

Otherc

26 (54)

Receiving prior medications
Sodium valproate

34 (70.8)

Clobazam

25 (52.1)

Levetiracetam

17 (35.4)

Lamotrigine

16 (33.3)

Topiramate

13 (27.1)

Focal impaired awareness/tonic-clonic seizure cohort (33 participants)
Seizure types analyzedd
Focal impaired awareness seizures

26 (79)

Focal to bilateral tonic-clonic seizures

7 (21)

Generalized tonic-clonic seizures

14 (42)

Median baseline seizure frequency (range)
Focal impaired awareness seizures

6.22 (0-712.6)

Focal to bilateral tonic-clonic seizures

0 (0-236.4)

Generalized tonic-clonic seizures

0 (0-24)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); DEE, developmental and epileptic
encephalopathies.
a

Includes polymicrogyria, hypothalamic hamartoma, cortical dysplasia, and
absence of septum pellucidum.

b

Includes ischemic stroke, hypoxic-ischemic encephalopathy, and traumatic
brain injury.

c

Includes generalized epileptic encephalopathy, focal DEE, multifocal DEE, lateonset infantile spasms, and DEE unclassified.

d

During the 1-month baseline period. Patients can appear in more than 1
seizure type and therefore will not sum to 33.
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reported by 1 patient (2%) for days 14 to 23. Upon resolution, this patient subsequently titrated to a
higher dose (1000 mg daily) of CBD transdermal gel without recurrence of diarrhea.
During the treatment period, 10 of 48 patients (21%; 95% CI, 10.5%-35.0%) patients had 15
SAEs—10 (67%) were infections and 4 (27%) were seizure-related. SAEs considered to be possibly
treatment related included 1 case of nonconvulsive status epilepticus and 1 lower respiratory tract
infection, experienced in separate patients. All SAEs resolved, and none resulted in alteration of
study medication.
By month 6.5 of treatment, 7255 of 7846 parental/caregiver daily skin scores (92.5%) indicated
no or minimal erythema (ie, score 0 or 1). One patient with a history of keratosis pilaris had
application site reaction with intense erythema and discontinued the study medication.
Dermatologic patch testing suggested that this was due to an irritant contact dermatitis complicated
by a secondary bacterial infection, rather than allergic contact dermatitis from CBD gel. At no time
at a study visit did the investigators’ skin rating scores exceed an application site reaction of
moderate erythema.
There were no clinically significant changes in vital signs or electrocardiograms. Laboratory
findings were unremarkable, except for 1 patient with a transient, benign, isolated elevation of
alkaline phosphatase (507 U/L) at 6.5 months (approximately 1.69 × upper limit of normal), which
dropped to 402 U/L by 9 months after the patient exited the study. This was not considered related
to the study drug.

Seizure Response
Across all countable seizures in the treatment cohort (46 patients) from baseline through the
treatment period (month 6.5), the median (IQR) seizure reduction was 12.3% (−18.6% to 46.3%). The
seizure types that showed the greatest median response to CBD transdermal gel were FIAS
(reduction, 44.5% [−17.8% to 59.1%]) and TCS (reduction, 22.7% [−6.8% to 62.3%]) (eFigure 1 in
Supplement 2).
At baseline, 33 of 46 patients had FIAS and TCS. Box plots of 28-day seizure frequency values
at baseline and months 1 through 6 indicated a reduction in mean and median seizure frequency after
the start of CBD transdermal gel treatment (eFigures 2 and 3 in Supplement 2). The median (IQR)
reduction from baseline in FIAS and TCS (33 patients) over the 6.5-month treatment period was
43.5% (−23.8% to 57.5%), and with reductions at 2 months of 44.4% (−8.0% to 60.2%; 33 patients)

Figure 1. Flow Diagram of CBD Transdermal Gel in DEE Trial
54 Patients assessed for eligibility
6 Excluded
6 Did not meet inclusion/exclusion
criteria

48 Included in study

4 Received ZYN002 500 mg/d

14 Received ZYN002 750 mg/d

2 Did not complete trial
1 Adverse event
1 Withdrew consent
0 Other

1 Did not complete trial
0 Adverse event
0 Withdrew consent
1 Other

5 Did not complete trial
0 Adverse event
3 Withdrew consent
2 Other

Analyzed
14 Safety
14 Efficacy
11 FIAS/TCS

Analyzed
30 Safety
29 Efficacy
20 FIAS/TCS

Analyzed
4 Safety
3 Efficacy
2 FIAS/TCS

30 Received ZYN002 1000 mg/d
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and 5 months of 57.7% (−5.3% to 81.8%; 32 patients) (Figure 2). The percentage of patients with a
50% or above response in the FIAS and TCS group ranged from 42.4% (95% CI, 25.5%-60.8%; 33

Table 2. Treatment-Emergent Adverse Events
Reported in 3 or More Patients

patients) at 2 months and peaked at 62.5% (95% CI, 43.7%-78.9%; 32 patients) at 5 months

Patients, No.
(%) (n = 48)

(Figure 3). The 20 patients with FIAS and TCS prescribed concomitant clobazam had less seizure

Adverse events

improvement compared with the 13 not on clobazam. The median (IQR) reduction from baseline in

Upper respiratory tract
infection

20 (42)

the 20 individuals on clobazam over 6.5 months was 26.8% (−24.9% to 63.2%) compared with

Nasopharyngitis

10 (21)

45.5% (−2.6% to 48.9%) in the 13 patients not on clobazam.

Somnolence

6 (13)

Vomiting

5 (10)

There were significant improvements in median vs baseline scores at months 3.5 and 6.5 on the
ELDQOL-modified subscales of seizure severity, behavior, and mood (eTable 1 in Supplement 2). On

Application site dryness

4 (8)

the SDSC, patients had a significantly improved mean total score at 3.5 months (total score

Application site pain

4 (8)

difference, −3.7; range, −50 to 27; P = .047) and 6.5 months (total score difference, −5.1; range, −33
to 24; P = .01) compared with the baseline score. This was also seen with the subscore for disorders
of initiating and maintaining sleep at 3.5 months (score difference, −3.2; range, −32 to 13; P = .04)
and 6.5 months (score difference, −5.1; range, −29 to 12; P = .006). At 6.5 months, there were
improvements on subscores for disorders of arousal or nightmares (score difference, −1.7; range, −12
to 11; P = .03) and sleep-wake transitions (score difference, −4.6; range, −38 to 25; P = .03). There
were no significant changes from baseline scores on the University of Washington Caregiver
Stress Scale.
On qualitative assessments of change associated with treatment (eTable 2 in Supplement 2), 43

Decreased appetite

4 (8)

Diarrhea

4 (8)

Gastroenteritis

4 (8)

Pyrexia

4 (8)

Viral infection

4 (8)

Viral upper respiratory tract
infection

4 (8)

Contusion

3 (6)

Cough

3 (6)

Ear infection

3 (6)

Fall

3 (6)

parents or caregivers provided reports; 36 (84%) provided at least 1 statement about improvement,

Fatigue

3 (6)

and 26 (60%) provided at least 1 statement about worsening. The most frequently cited

Pneumonia

3 (6)

improvements were in alertness (17 of 43 patients [40%]), reduction in seizure frequency (16 of 43

Scratch

3 (6)

[37%]), engagement or participation (15 of 43 [35%]), cognition (14 of 43 [33%]), attending school

Seizure

3 (6)

on time and/or more often (12 of 43, 28%), and more energy and less fatigue (12 of 43 [28%]). The
most common negative statements were related to difficulty in applying the study medication (11 of
43 [26%]) and reactions at the application site (8 of 43 [19%]). On summary qualitative measures,
parents and caregivers noted improvements related to social, interpersonal engagement, and
irritability (33 of 43 [77%]); the frequency, duration, and intensity of postictal symptoms of seizures
(22 of 43 [51%]); alertness, energy, improved sleep (23 of 43 [53%]); and cognition or concentration
(20 of 43 [47%]).

Discussion
This is the first trial of a nonoral formulation of CBD in a cohort of children and adolescents with DEEs.
CBD gel was generally well tolerated. The most frequently reported AEs were related to the
application site, and most AEs were mild. The only patient to withdraw because of an AE developed
an irritant dermatitis complicated by secondary bacterial skin infection that was not due to
hypersensitivity to CBD transdermal gel. There were no clinically significant changes in vital signs or
laboratory tests, with the exception of a single child who had an elevated alkaline phosphatase that
was not associated with the study drug.
The safety and tolerability profiles observed in this trial were consistent with a 2019 trial using
CBD transdermal gel to assess psychological and behavioral change in fragile X syndrome.22 The high
incidence of AEs in this study, particularly those related to infections, was likely due to the high rate
of complex comorbidities and seizure severity of these patients, and to the relatively long, 6.5-month
duration of the trial.
The low rate of gastrointestinal AEs highlights a potential significant benefit of transdermal
delivery of CBD. In this study, diarrhea occurred in 8% patients over 6.5 months, a similar frequency
to placebo in randomized controlled trials of oral CBD in Dravet syndrome (31% in CBD group vs 10%
in placebo group) and LGS (15% CBD group vs 8% placebo group) in 14-week studies.16,18
CBD transdermal gel added to a stable regimen of ASMs in children with DEEs may reduce FIAS
and TCS frequency. The median reduction in FIAS and TCS was 43.5%, and the 50% responder rate
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peaked at 62.5% at month 5. These findings are similar to a large open-label oral CBD study that
reported a median reduction in monthly motor seizures of 36.5% and a 50% responder rate of
39%.15 Randomized clinical trials of oral CBD found 50% responder rates of 43% for convulsive
seizures in Dravet syndrome16 and 39% for drop attacks in LGS.18
CBD transdermal gel was associated with additional benefits beyond seizure reduction
according to parents and caregivers. The ELDQOL scores showed improvement in behavior and
mood, which was supported by parents’ reports of improvements in behavior, irritability, vitality,
alertness, school attendance, mood, and sleep. Sleep assessments showed improvements in
initiating and maintaining sleep and in overall sleep score. Together, these subjective findings of
improved behavior with CBD transdermal gel reflect similar findings of the fragile X CBD gel study.22
They highlight important benefits beyond seizure reduction that improve overall quality of life for
patients and families.

Limitations
This study had several limitations. As a study with a nonrandomized and open-label design, the
consistent response rate over time partly reflects that the patients who remain in the trial are those
who respond, and that the denominator reduces over time because of the withdrawal of
nonresponders. With no control group, it is not possible to know how the placebo effect contributed
to the observed primary and secondary findings. As the public has high expectations of medicinal

Median reduction, %

Figure 2. Percentage Reduction in Focal Impaired Awareness Seizures
and Tonic-Clonic Seizures
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Error bars indicate interquartile ranges.

Figure 3. Responder Rates for Focal Impaired Awareness Seizures and Tonic-Clonic Seizures
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cannabis, this may lead to higher response rates in both open-label and randomized double-masked
clinical trials than seen with other compounds. Moreover, it is not known how long a placebo
response may persist. In addition, given the requirement of 5 seizures in the baseline period, we
cannot discount the effect of regression toward the mean accounting for some of the observed
reduction in seizure frequency.

Conclusions
In children and adolescents with DEEs, CBD transdermal gel was safe and well tolerated. Treatment
was associated with a reduction in FIAS and TCS frequency, as well as with caregiver-reported
improvements in behavior, sleep, cognition, and quality of life. These findings highlight the need for
a double-masked randomized clinical trial of CBD transdermal gel.
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