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Abstract

Objective: To review the efficacy, safety, pharmacology and pharmacokinetics of pure, plant-derived cannabidiol
(CBD; Epidiolex) in the treatment of Dravet syndrome (DS) and Lennox-Gastaut syndrome (LGS). Data Sources:
Relevant information was identified through EMBASE and Ovid MEDLINE (1946 to October 2018). Product labeling
and https://www.clinicaltrials.gov were also reviewed. Study Selection/Data Extraction: English language articles
evaluating efficacy and safety in humans with treatment-resistant epilepsies were reviewed; additional pharmacology and
pharmacokinetic studies in humans, animals, and in vitro were also included. Data Synthesis: Pure, plant-based CBD is
a pharmaceutical grade extract that exhibits clinically significant antiseizure properties, with a hypothesized multimodal
mechanism of action. In the GWPCARE trial series, CBD displayed superior efficacy in reducing key seizure frequencies
(convulsive seizures in DS; drop seizures in LGS) by 17% to 23% compared with placebo as adjunctive therapy to
standard antiepileptic drugs in patients 2 years of age and older. Common adverse effects were somnolence, diarrhea,
and elevated hepatic transaminases. Noteworthy drug-drug interactions included clobazam, valproates, and significant
inducers/inhibitors of CYP2C19 and 3A4 enzymes. Relevance to Patient Care and Clinical Practice: A discussion
regarding CBD dosing, administration, adverse effects, monitoring parameters, and interactions is provided to guide
clinicians. CBD offers patients with DS and LGS a new treatment option for refractory seizures. Conclusion: This is
the first cannabis-derived medication with approval from the US Food and Drug Administration. This CBD formulation
significantly reduces seizures as an adjunct to standard antiepileptic therapies in patients =2 years old with DS and LGS
and is well tolerated.
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Introduction

Dravet syndrome (DS) and Lennox-Gastaut syndrome
(LGS) are rare, devastating, treatment-resistant epilepsy
(TRE) syndromes.'” Patients experience frequent and mul-
tiple refractory seizure types despite using antiepileptic
drugs (AEDs) and medical interventions such as ketogenic
diets, vagal nerve stimulation, and surgery. The frequency
and severity of seizures have profound impacts on quality
of life, risk for injury (eg, convulsive seizures in DS, drop
seizures in LGS), health care use, and increased risk for
mortality.? Individuals with DS and LGS experience signifi-
cant intellectual, behavioral, and cognitive deficits."?
Clinical treatment of both DS and LGS with AEDs typically

involves a trial and error approach with first-line options
including valproates and clobazam for DS; wvalproates,
lamotrigine, and topiramate are often initial choices for
LGS."? A high proportion of patients experience a lack of
response requiring the use of many alternative AEDs with
only marginal success; treatment failure is common and
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most often a result of lack of efficacy or tolerability, leaving
patients, families, and clinicians desperate for alternatives.

Cannabis-based medications derived from flowers and
resin have been used as far back as ~2700 BcE for a variety
of conditions, including menstrual disorders, constipation,
malaria, and gout.” In modern medicine, English neurolo-
gists Gowers and Reynolds both referenced the use of can-
nabis in treating seizure disorders dating back to the late
19th century.*® Nearly 100 phytocannabinoids have been
identified from Cannabis sativa and C indica.® A9-
Tetrahydrocannibinol (A9-THC) and cannabidiol (CBD)
are 2 major pharmacologically active cannabinoids. Unlike
A9-THC, CBD lacks intoxicating properties but retains
potent pharmacological action, making it an attractive
option for treating TREs.> Although federally prohibited by
the Controlled Substances Act in the United States, 33 states
and more than 25 other countries have legalized the produc-
tion or use of cannabis for medicinal purposes.”® Access to
cannabis products has resulted in therapeutic advances for
patients with TREs, particularly for those with DS and
LGS.”!"! However, in the United States, cannabis products
are unregulated by the Food and Drug Administration
(FDA), and variations in strains, potency, purity, and access
exist. Furthermore, robust research regarding cannabinoids
has been stifled owing to a Schedule I classification by the
US Drug Enforcement Administration (DEA). To date, this
has posed problems when managing patients with cannabi-
noids; clear information about dosing, drug interactions,
efficacy, and safety are not established.

Greenwich Bioscience, a GW Pharmaceuticals LPC
company, began developing a pharmaceutical-grade, lig-
uid formulation of pure, plant-derived CBD more than a
decade ago. Initial experience with this formulation for the
management of TREs came from an Expanded Access
Program (EAP), which evolved into a robust phase 3 clini-
cal trial program. Making history, CBD was approved
under the brand name Epidiolex in June 2018 by the FDA
for the management of DS and LGS."? In September 2018,
the DEA determined that CBD would be a Schedule V
medication."? Additionally, the results of the Marketing
Authorization Application for Epidiolex’s potential
approval for DS and LGS as an adjunctive treatment by
the European Medicines Agency is expected in early
2019." With established efficacy and safety data, CBD is
now an important, unique alternative for patients with
TREs. This article provides a review of the available lit-
erature and pertinent details regarding CBD to assist
health care providers with use decisions.

Data Selection

Ovid MEDLINE (1946 to October 2018) and EMBASE
searches using the search terms cannabidiol, CBD,
Epidiolex, GWP42003-P, epilepsy, seizure, Lennox-Gastaut,

Dravet, severe myoclonic epilepsy in infancy, epilepsies,
myoclonic, and epileptic syndromes were conducted to
identify relevant articles. The prescribing information was
accessed from the product labeling, and https://www.clini-
caltrials.gov identified relevant ongoing studies.

Clinical Trial Data

The foundation for the 3 pivotal trials, the GWPCARE
series (Table 1°'"), was laid by a prospective, multicenter,
open-label, EAP trial evaluating CBD in patients 1 to 30
years of age (n = 162) with TREs."® Included in this study
were patients with more than 17 different seizure disor-
ders/syndromes, with DS (23%) and LGS (22%) repre-
senting the 2 largest groups. Table 2'>?! provides additional
detail pertaining to this study, which preliminarily sug-
gested CBD’s positive effect in reducing seizure frequency
and tolerable safety profile. Each of the 3 pivotal trials that
followed was a multinational, double-blind, placebo-
controlled trial with a 4-week baseline period, followed by
a 14-week treatment (2 weeks of dose escalation, 12 weeks
of maintenance), a 10-day taper (10% each day), and a
4-week safety follow-up period. In GWPCAREI, eligible
patients must have been taking one or more AEDs and had
at least 4 convulsive seizures during the 28-day baseline
period. In GWPCARE4 and GWPCARES3, eligible
patients must have been receiving between 1 and 4 AEDs
and had a least 2 drop seizures per week during the 4-week
baseline period. The primary outcome measure was per-
centage change in the primary seizure type (ie, convulsive
seizure for DS, drop seizure for LGS), with secondary out-
come measures including =25%, =50%, =75%, and
100% reduction in primary seizure type, reduction in total
seizures, reduction in seizures other than the primary type,
Caregiver Global Impression of Change Scale (CGIC),
and safety outcomes.

GWPCARE]| Trial

Devinsky et al’ evaluated adjunctive CBD (n = 61) at 20
mg/kg/d in 2 divided doses, compared to placebo (n = 59)
in patients (mean 9.8 years [2.3-18.4 years]) with DS.
Baseline demographics and characteristics between the
groups were similar, including concomitant AEDs and med-
ical interventions. The average numbers of concomitant
AEDs were 3 £ 1 and 2.9 = 1 in the CBD and placebo
groups, respectively. The most common concomitant AEDs
included clobazam, valproates, stiripentol, levetiracetam,
and topiramate.

The primary outcome of monthly convulsive seizure fre-
quency was significantly decreased in the CBD group
(median = —38.9%) compared with placebo (median =
—13.3%). The adjusted median difference between groups
was —22.8% (95% CI = —41.1 to —5.4); P = 0.01. The
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secondary outcome measure of percentage change in total
seizures (—19.2%; 95% CI = —39.25 to —1.17; P = 0.03)
was also significant. Although not statistically significant,
43% of patients treated with CBD, compared with 27% in
the placebo group (odds ratio = 2.00; 95% CI = 0.93 to
4.3; P = 0.08), experienced at least a 50% reduction in con-
vulsive seizure frequency, and 3 patients in the CBD group
were seizure free compared with none treated with placebo.
The CGIC was significant, with 62% reporting condition
improvement in the CBD group compared with 34% in the
placebo group (P = 0.02).

In all, 93% of CBD-treated patients reported adverse
events versus 75% treated with placebo; 84% of adverse
events in the CBD group were mild or moderate in severity,
with the most common being somnolence, fatigue, and leth-
argy; gastrointestinal effects; pyrexia; upper respiratory
tract infection; decreased appetite; and convulsion. A major-
ity of patients experiencing somnolence were receiving
clobazam. Also, 10 patients in the CBD group underwent a
dose reduction because of adverse effects, which subse-
quently resolved in 80% of patients. Serious adverse events
were reported more commonly in the CBD group (16%)
compared with placebo (5%). The serious adverse event
deemed to be related to CBD—significant elevations in
liver function tests (LFTs)—was observed more frequently
in the CBD group, with those concomitantly on valproates
more likely to have increased LFTs.

GWPCARE4 Trial

Thiele et al'® evaluated the efficacy and safety of CBD 20
mg/kg/d in 2 divided doses (n = 86) compared with placebo
(n = 85) as add-on therapy in patients (ages 2-55 years) with
LGS. Baseline characteristics between the groups were simi-
lar, with a mostly white study population and a mean age of
15.4 £ 9.2 years. The median number of concomitant AEDs
received during the study was 3 (range 1-5) in the CBD
group and 3 (range 1-4) in the placebo group. The most com-
monly received concomitant AEDs included clobazam, val-
proates, lamotrigine, levetiracetam, and rufinamide.

The primary outcome measure of percentage change in
monthly drop seizure frequency was significantly decreased
in the CBD group (median = —43.9% [IQR = —69.6 to
—1.9]) compared with placebo (median = —21.8% [IQR =
—45.7 to 1.7]). The estimated difference between groups
was —17.21% (95% CI = —30.32 to —4.09; P = 0.0135).
CBD resulted in significant improvements in all secondary
outcomes, with the exception of 100% reduction in primary
seizure type. Forty-four percent of patients in the CBD
group experienced a =50% reduction in drop seizure fre-
quency compared with 24% in those receiving placebo (OR
=2.57;95% CI = 1.33t04.97; P = 0.0043). Scores on the
CGIC Scale were significantly improved for those receiv-
ing CBD (OR = 2.54;95% CI = 1.5t0 4.5; P = 0.0012).

The total number of adverse events reported for the CBD
and placebo groups were 86% and 69%, respectively. The
most common adverse events included somnolence, diar-
rhea and vomiting, pyrexia, and decreased appetite.
Concurrent use of clobazam increased the risk of somno-
lence in both groups. Serious adverse events were more
common in the CBD group (23%) versus placebo (5%).
Two serious adverse events considered to be treatment
related were sleep apnea (1 patient) and increased LFTs (4
patients). Dose reduction resolved adverse events in the
majority of cases. The elevations in LFTs observed occurred
more frequently in patients receiving valproates.

GWPCARES3 Trial

Devinsky et al'' evaluated 2 doses of CBD (10 mg/kg/d [n =
73] and 20 mg/kg/d [n = 76] in 2 divided doses) compared
with placebo (n = 76) in patients with LGS, 2 to 55 years old.
Baseline characteristics between the 3 groups were similar,
with a predominantly white study population and a mean age
of 15.6 years. The median number of concomitant AEDs in
each group was 3 (range 1-5 in the placebo and 10 mg/kg/d
group; range 0-5 in the 20 mg/kg/d group). The most com-
mon concomitant AEDs included clobazam, valproates,
lamotrigine, levetiracetam, and rufinamide.

CBD at both doses resulted in significant improvements
in the primary outcome measure of median percentage
reduction in monthly drop seizure frequency. Patients
receiving 20 mg/kg/d experienced a 41.9% decrease and
those receiving 10 mg/kg/d saw a 37.2% decrease, compared
with a 17.2% reduction in the placebo group. Compared
with placebo, the median decrease in the 20 mg/kg/d group
was —21.6% (95% CI = 6.7 to 34.8; P = 0.005) and in the
10 mg/kg/d group was —19.2% (95% CI = 7.7 to 31.2;
P = 0.002). The key secondary outcome measure of =50%
reduction in drop seizure frequency was experienced by
39% in the 20 mg/kg/d group, 36% in the 10 mg/kg/d group,
and 14% in the placebo group (OR for the 20 mg/kg/d group
vs placebo, 3.85 [95% CI = 1.75 to 847,
P < 0.0017]; OR for the 10 mg/kg/d group vs placebo, 3.27
[95% CI = 147 to 7.26; P = 0.003]). Both groups
experienced a significant reduction in all seizure types
compared with placebo, and CGIC scores were also signifi-
cant with 57% in the 20 mg/kg/d group and 66% in the
10 mg/kg/d group, compared with 44% in the placebo
group, reporting overall improvement.

Adverse events were reported in 94% of patients in the
20 mg/kg/d group compared with 84% in the 10 mg/kg/d
group and 72% receiving placebo, with 8§9% of the
adverse events being rated as mild or moderate severity.
Common adverse effects were somnolence, diarrhea,
upper respiratory infection, decreased appetite, pyrexia,
and vomiting. Elevations in LFTs were observed in 9% of
patients who received CBD, compared with zero in the
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placebo group, a majority (79%) concomitantly receiving
valproates. Serious adverse events were observed in 33
patients overall (13 in each CBD group versus 7 in the
placebo group). Serious adverse events were deemed to
be study related in 7 patients receiving CBD; reported
serious adverse events included increases in LFTs, som-
nolence, lethargy, increased seizures during weaning (1
patient), nonconvulsive status epilepticus (1 patient),
constipation, and worsening cholecystitis (1 patient).

These trials revealed CBD’s efficacy in reducing the fre-
quency of the primary seizure type over a 14-week period
compared with placebo, providing compelling evidence for
the role of pure, plant-derived CBD in the management of
DS and LGS. CBD was associated with several adverse
effects, most notably somnolence, diarrhea, elevated LFTs,
and decreased appetite. These studies are strengthened by
robust design, inclusion criteria, and end points applicable
to practice. Yet these study data are limited by manufacturer
funding and lack of specific treatment adherence measures,
long-term data, qualitative outcome measures, and reported
outcomes in TREs other than DS and LGS. These limita-
tions have been preliminarily addressed in published data
available from the ongoing EAP (Table 2)"**! and nearly
100 ongoing trials (http://www.clinicaltrials/gov). Studies
reporting long-term efficacy and safety outcomes,'®'” qual-
itative outcome measures,''® and the role of CBD in other
specific TREs'”?! offer initial answers to these clinical
questions. These studies lay a framework for robust investi-
gations needed to further define CBD’s therapeutic role.

Clinical Pharmacology and
Pharmacokinetics

The anticonvulsant mechanism of action of CBD is unknown
and does not appear to be related to interactions with endo-
cannabinoid receptors; rather, a multimodal action with
more than 10 potential targets identified is postulated.”®*
Several targets include blockade of G-protein coupled recep-
tor 55 (GPR5S5) and T-type voltage-gated calcium channels
and stimulation of 5- HT, and 5-HT, receptors.>*

After oral doses (5 to 20 mg/kg/d), a predictable dose
response is observed.”> CBD has an estimated bioavail-
ability of 6%.> CBD is also highly lipophilic and readily
crosses the blood-brain barrier. At steady state, the time to
peak plasma concentration occurs between 2.5 and 5
hours, and administration with a high-fat, high-calorie
meal increases the maximal plasma concentration.”**
CBD has a large volume of distribution, ranging from
20,963 to 42,849 L and is >94% protein bound.”
Metabolism occurs predominantly via the liver through
CYP2C19,CYP3A4, UGT1A7, UGT1A9, and UGT2B7.”
There is one active metabolite, 7-OH-CBD, which is
metabolized to the inactive metabolite, 7-COOH-CBD.****

CBD is almost exclusively excreted in the feces.” The
half-life is 56 to 61 hours.”

Dosage and Administration

CBD is supplied as a 100-mg/mL strawberry flavored oral
solution in a sesame oil base, which will be available
through a limited distribution program.** It is carbohydrate
neutral and compatible with ketogenic diets (ie, 0 g of car-
bohydrate per 100 g of solution, Medical Information
Team, Greenwich Biosciences, email communication,
September 2018). For a more reliable treatment effect, it is
recommended to administer consistently with or without a
meal.?? Specific data regarding administration via enteral
feeding tubes is lacking.

Weekly titration to the minimally effective dose is
recommended to assess for adverse effects that often first
occur during dose escalation.”'®** An initial dose of 2.5
mg/kg twice daily (5 mg/kg/d) with uptitration to 5 mg/
kg twice daily (10 mg/kg/d) after 1 week is recom-
mended. If tolerated and additional seizure control is
desired, doses should be titrated in increments of 2.5 mg/
kg twice daily (5 mg/kg/d) to a maximum of 10 mg/kg
twice daily (20 mg/kg/d). Titration should occur no more
frequently than every other day. Whereas dose adjust-
ments are not necessary for mild hepatic impairment
(Child-Pugh A), if moderate hepatic impairment (Child-
Pugh B) is present, doses should be started at 1.25 mg/kg
twice daily (2.5 mg/kg/d), titrating up to a maximum of 5
mg/kg twice daily (10 mg/kg/d) if greater seizure control
is necessary.”” In patients with severe hepatic impairment
(Child-Pugh C), doses should be started at 0.5 mg/kg
twice daily (1 mg/kg/d) and titrated to a maximum of 2
mg/kg twice daily (4 mg/kg/d). In all cases of hepatic
impairment, slower uptitration is recommended. If dis-
continuation is warranted because of lack of efficacy or
toxicity, gradual reduction is necessary to prevent the
risks of increased seizure frequency or status epilepticus.
Doses above what appears in product labeling have been
reported in several of the EAPs, but adverse effects may
be more common.'>?!

Adverse Events, Safety, and Abuse
Potential

The most common adverse events reported include gastro-
intestinal-related adverse effects (diarrhea, vomiting,
decreased appetite/weight loss), somnolence, and increased
LFTs. Although more likely to occur in patients concomi-
tantly receiving valproates, and to a lesser extent clobazam,
elevations may occur in any patient treated with CBD.*
LFTs must be monitored at baseline and at 1, 3, and 6
months after initiation, as well as with dose changes or
changes in medications known to affect LFTs. In patients
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Table 3. Cannabidiol (Epidiolex), Quick Facts.

o FDA-approved indications: treatment of seizures in patients aged =2 years of age with Dravet syndrome or Lennox-Gastaut

syndrome
e DEA Schedule: V
e Dosage form: 100 mg/mL oral solution (strawberry flavored)

(20 mg/kg/d)

Dosage adjustment needed in hepatic impairment

Do not abruptly discontinue

Administration: administer consistently with or without food

and/or addition of medications affecting liver function

Dosing: initial 2.5 mg/kg twice daily (5 mg/kg/d), titrated at weekly intervals to minimum effective dose or 10 mg/kg twice daily

Primary drug-drug interactions: clobazam, valproates, CYP3A4 and CYP2C19 inducers and inhibitors, CNS depressants
Common adverse events: somnolence, diarrhea, decreased appetite, elevated hepatic transaminases
Monitoring: AST/ALT and total bilirubin at baseline and |, 3, and 6 months after initiation and | month following dosing changes

e Product distribution: available via limited distribution (ie, specialty pharmacy)

e Manufacturer’s estimated annual list price: US$32,50034

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CNS, central nervous system; DEA, US Drug Enforcement

Administration; FDA, US Food and Drug Administration.

with elevated baseline transaminases, more frequent moni-
toring of LFTs is warranted. If hepatic transaminase levels
increase to >3 times the upper limit of normal (ULN), with
a concomitant increase in bilirubin of >2 ULN, or if hepatic
transaminase levels are >5 times ULN alone, CBD should
be discontinued.

Suicidality is a potential risk with AEDs,” and the pack-
age labeling includes appropriate warnings.”” However, no
suicide-related deaths or suicidal ideation (Columbia
Suicide Severity Rating Scale) were reported in the pivotal
trials.”"" Nevertheless, patients should be monitored for
risk of suicidal ideation while receiving CBD.

CBD does not exert a stimulating effect on endocannabi-
noid receptors, explaining its minimally psychoactive or
euphoric effects.’ Indeed, in animal and human abuse
potential studies, CBD did not produce rewarding effects
and was deemed to have low risk for abuse and no risk for
physical dependence.”**%*’

Drug Interactions

Coadministration with known inducers or inhibitors of
CYP3A4 and CYP2C19, CBD’s primary metabolic path-
ways, should be done cautiously.” In vitro data predict
potential interactions with CYP1A2, CYP2B6, CYP2C8,
and CYP2C9 substrates as well as UGT1A9 and UGT2B7.
Concomitant administration with other central nervous sys-
tem depressants may lead to increased somnolence.
Furthermore, there are 2 theoretical CBD-drug transporter
interactions with BCRP and ABCC1.%%%

Two specific drug interactions deserve repeat mention
here: clobazam and valproates. CBD has been shown to
elevate levels of clobazam as well as its active metabolite
N-desmethylclobazam, which may, in part, explain observed
increased somnolence.”** Dose reductions of clobazam

may be warranted when used concurrently. Concomitant
administration with valproates increases the risk for eleva-
tions in LFTs. Interestingly, serum valproate levels do not
change with coadministration, implying a pharmacody-
namic rather than a pharmacokinetic interaction.”

Concurrent use of other AEDs (topiramate, rufinamide,
zonisamide, and eslicarbazepine) have also been evaluated,
with mean changes in serum levels remaining within thera-
peutic ranges.”' Also, a single case report notes a potential
interaction with warfarin, with warfarin dose reductions
needed to maintain international normalized ratio within
goal range.””

Relevance to Patient Care and Clinical
Practice

This article provides a summary of the key clinical trial
data, including the evidence from the EAP and the 3 pivotal
phase III trials evaluating the effects of CBD on 2 treat-
ment-resistant epilepsies, DS and LGS. Relevant data on
dosage, administration, drug-drug interactions, adverse
effects, and monitoring have been condensed into a practi-
cal guide for clinicians. The addition of CBD to the arma-
mentarium available to patients with DS and LGS offers a
new treatment option in a space where pharmacotherapy is
frequently insufficient at managing multiple, refractory sei-
zure types.

Summary

This historic FDA approval offers a unique alternative for
patients with DS and LGS. Evidence from the GWPCARE
trial series and the EAP as well as ongoing studies indicate
CBDs efficacy in reducing seizures in these refractory and
devastating epileptic disorders.”'"'**'** Although associated
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with adverse events, CBD is well tolerated and is consid-
ered to be a safe and reasonable treatment option for
patients 2 years of age and older with DS and LGS. The
reader is referred to the Cannabidiol (Epidiolex), Quick
Facts (Table 3)* for a snapshot view of Epidiolex. Although
its exact place in therapy remains to be conclusively deter-
mined, this FDA-regulated, pharmaceutical grade cannabi-
noid is a new advancement and a valuable addition to the
armamentarium available to treat DS and LGS.
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