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Treatment-resistant epilepsy (TRE) affects 30% of epilepsy patients and is associated with severe morbidity and
increased mortality. Cannabis-based therapies have been used to treat epilepsy for millennia, but only in the last
few years have we begun to collect data from adequately powered placebo-controlled, randomized trials (RCTs)
with cannabidiol (CBD), a cannabis derivative. Previously, information was limited to case reports, small series,
and surveys reporting on the use of CBD and diversemedicalmarijuana (MMJ) preparations containing: tetrahy-
drocannabinol (THC), CBD, andmany other cannabinoids in differing combinations. These RCTs have studied the
safety and explored the potential efficacy of CBD use in childrenwith Dravet Syndrome (DS) and Lennox-Gastaut
Syndrome (LGS).
The role of the placebo response is of paramount importance in studyingmedical cannabis products given the in-
tense social and traditional media attention, aswell as the strong beliefs held bymanyparents and patients that a
natural product is safer andmore effective than FDA-approved pharmaceutical agents. We lack valid data on the
safety, efficacy, and dosing of artisanal preparations available from dispensaries in the 25 states and District of
Columbia with MMJ programs and online sources of CBD and other cannabinoids. On the other hand, open-
label studies with 100 mg/ml CBD (Epidiolex®, GW Pharmaceuticals) have provided additional evidence of its
efficacy along with an adequate safety profile (including certain drug interactions) in children and young adults
with a spectrum of TREs. Further, Phase 3 RCTs with Epidiolex support efficacy and adequate safety profiles for
children with DS and LGS at doses of 10- and 20-mg/kg/day.

This article is part of a Special Issue titled "Cannabinoids and Epilepsy".
© 2016 Elsevier Inc. All rights reserved.
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1. Introduction

Epilepsy is one of the most common chronic neurological disorders.
Treatment-resistant epilepsy (TRE) arises from a failure to achieve
sustained seizure remission after trials of at least two, appropriately se-
lected antiepileptic drug (AED) regimens that are tolerated at therapeu-
tic dosages [1]. Despite the introduction of many therapies, including
drugs, neuromodulation, and surgical and dietary interventions, the
burden of TRE remains enormous, affecting approximately 30% of pa-
tients [2–4]. Patients struggling with TRE suffer from both severe mor-
bidity and markedly increased mortality [5–8]. Notwithstanding the
new therapeutic measures, it remains unclear if the frequency of TRE
cases has been reduced during the past two decades [4]. Even patients
with ‘treatment-responsive’ epilepsy suffer from disabling side effects
and breakthrough seizures under multiple settings (e.g. missed doses
[9], sleep deprivation [10], and excess alcohol consumption [11]). For
ter, 223 East 34th Street, New

, Cannabinoids in treatment-r
almost all patients diagnosed with epilepsy, quality of life (QOL) is ad-
versely affected by both the disease and therapies used to control
seizures, with devastating personal and substantial economic conse-
quences [12].

All epilepsies can be treatment resistant, although seizures associat-
ed with the epileptic encephalopathies (e.g. Dravet Syndrome (DS) [13]
and Lennox-Gastaut Syndrome (LGS)) [14], Febrile Infection-Related
Epilepsy Syndrome (FIRES) [15], and epilepsy associated with Tuberous
Sclerosis Complex (TSC) [16] are among the most refractory to medical
therapies. For some (e.g. DS [17] and FIRES [18]), there are currently no
U.S. Food and Drug Administration (FDA)-approved therapies. Further,
by definition, available AEDs provide only limited success in controlling
seizures in TREs. Although certain AEDs reduce seizure frequency in dis-
orders such as DS [19] and LGS [20], there are limits to their safety and
efficacy. This is especially relevant when these AEDS are used in multi-
drug regimens and at high doses. The repercussions of TREs are signifi-
cant, especially as TREs starting in the first few years of life are associat-
ed with high rates of cognitive, behavioral, and motor delays [21].
Further, many believe that the burden of seizures and interictal epilep-
tiform activity directly contribute to these neurodevelopmental delays.
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Table 1
Table 1 summaries findings from several surveys, case studies, case series, and placebo controlled trials related to isolated cannabinoids, oral cannabis extracts, and smoked cannabis use in
the context of epilepsy.

Study Compound Study Type N Efficacy Toxicity

Isolated cannabinoids
Davis &
Ramsey
[26]

THC isomers Case series of institutionalized children
with intellectual disability and epilepsy
treated for 3–7 weeks

5 1 seizure-free, 1 almost seizure-free None reported

Mechoulam
& Carlini
[27]

CBD 200 mg/day Prospective, placebo controlled trial in
adults with treatment resistant epilepsy
over 3 months

4 Rx
5 PB

2 subjects in CBD arm seizure-free, 1 with
partial improvement

None reported

No report of baseline seizure measurement
Cunha
et al. [28]

CBD 200-300 mg/day Prospective, placebo controlled trial in
teenagers/adults with treatment resistant
convulsive seizures (at least 1 per week)
with 8–18 weeks of exposure

8 Rx
7 PB

4 subjects in CBD arm seizure-free, 1 in
placebo arm

Somnolence, Gastric
discomfort

No blinded assessments, one unexplained
cross-over

Ames &
Cridland
[29]

CBD 200-300 mg/day Prospective placebo controlled trial in
institutionalized adults with intellectual
disability and epilepsy over 3 weeks

6 Rx
6 PB

No difference between groups None reported

Trembly &
Sherman
[30]

CBD 300 mg/day Prospective randomized, double-blind
placebo controlled crossover study in
adults with treatment resistant epilepsy;
6 months treatment and placebo

12 No difference between CBD and placebo None reported

Devinsky
et al. [31]

Purified oral 100 mg/ml CBD
extract

Prospective open label trial in children
and young adults with severe childhood
onset epilepsy for 12 weeks

214 137 (64%) in efficacy (12 weeks): 36.5%
median reduction in weekly convulsive
seizure rate

Somnolence, diarrhea,
decreased appetite,
fatigue, convulsion,
status epilepticus

Oral cannabis extracts
Gowers
[25]

Cannabis indica extract,
32 mg/day

Case report of a 40-year-old man with
focal epilepsy resistant to bromides

1 Seizure-free for 6 months followed by
recurrence with cannabis extract
discontinuation. Resumed seizure control with
resumption of cannabis use several months
later.

None reported

Porter &
Jacobson
[32]

CBD/THC extracts of varying
composition/dose CBD up to
28 mg/kg/day and THC up to
0.8 mg/kg/day

Survey among participants in a Facebook
group for parents of children with TRE

19 16 (84%) reported improvement with
CBD/THC, 2 (11%) became seizure-free

Drowsiness, fatigue,
decreased appetite

Maa & Figi
[33]

Oral cannabis extract, high
ratio of CBD:THC

Case report of a 5-year-old girl with DS 1 N90% reduction in generalized tonic-clonic
seizure frequency and ability to reduce
background drugs

Somnolence, fatigue

Gedde &
Maa [34]

Oral cannabis extract, high
ratio of CBD: THC

Survey of parents whose children with
TRE used the extract

11 100% had reduction in motor seizure
frequency; 8/11 with complete or near
complete seizure control

Somnolence,
unsteadiness

Press et al.
[35]

Oral cannabis extracts Retrospective case series of children with
refractory epilepsy at one center in
Colorado

75 25 (33%) reported a N50% reduction in seizure
frequency

Somnolence, fatigue,
increased seizures. Rare:
developmental
regression, status
epilepticus

Tzadok
et al. [36]

CBD enriched cannabis
extracts

Retrospective case study of children and
adolescents with intractable epilepsy at
five Israeli pediatric epilepsy centers

74 66 (89%) reported a reduction in seizure
frequency: 13 (18%) 75–100% reduction, 25
(34%) 50–75% reduction, 9 (12%) 25–50%
reduction, and 19 (26%) b25% reduction

Somnolence, fatigue,
gastrointestinal
disturbances, irritability.
5 patients discontinued
use.

Smoked cannabis
Keeler &
Reifler
[37]

Cannabis Case report of 20-year-old man with
refractory tonic-clonic seizures who was
seizure-free

1 Cluster of seizures following a period of
marijuana use

Increased seizures

Consroe
et al. [38]

Cannabis Case report of 24-year-old man with
refractory generalized epilepsy

1 Patient became nearly seizure-free when he
started daily cannabis use

None reported

Ellison
et al. [39]

Cannabis Case report of a 29-year-old man with
refractory focal epilepsy

1 Suppression of complex partial seizures and
exacerbation of seizures with withdrawal

None reported

Mortati
et al. [40]

Cannabis Case report of a 45-year-old man with
cerebral palsy and refractory focal
epilepsy

1 N90% reduction in nocturnal seizures and
tonic-clonic seizures

None reported

Gross et al.
[41]

Cannabis Survey of active users seen at a single
tertiary epilepsy center

28 19 (68%) reported improvement in seizure
severity, 15 (54%) reported improvement in
frequency

None reported

Hamerle
et al. [42]

Cannabis Survey of cannabis users seen at one
tertiary epilepsy center

310 (13
active
users;
297
ex-users)

2 active users reported improvement in
seizures; 7 ex-users reported worsening of
seizure frequency/severity

Increased seizures

TRE – treatment–resistant epilepsy; DS – Dravet Syndromes; Rx – active cannabis-based therapy; PB – placebo; CBD – Cannabidiol; THC – Tetrahydrocannabidiol.
(Modified with permission from Friedman & Devinsky, NEJM 2016 – reference [35])*.
Note that content of cited compounds has not been verified.
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Therefore, earlier and more complete seizure control can be associated
with improved outcomes.

Documentedmedicinal use of Cannabis Sativa in the treatment of an-
orexia, pain, and other disorders extends back nearly fivemillennia [22].
Cannabis therapy for epilepsy was recorded on Sumerian tablets dated
to 3800 years ago [23]. In the late 19th century, British and U.S. physi-
cians reported cases in which Cannabis indica extracts reduced seizures
[23–25]. Themodern scientific era of cannabis studieswas ushered in by
Mechoulam and colleagues in the 1960s with the isolation, structure
elucidation, and synthesis of THC (the main psychoactive compound
in cannabis) and CBD (themain non-psychoactive compound in canna-
bis), and the isolation and identification of the endogenous brain canna-
binoids (anandamide and 2-arachidonoyl glycerol) that stimulate brain
cannabinoid (CB1) receptors.Mechoulamand Carlini also pioneered the
first trial of CBD for TRE (Table 1). Several surveys and small series have
reported use of cannabis products and derivatives among adults with
epilepsy, who reported improved seizure control [40,41].

Among the hundreds of phytocannabinoids in cannabis, THC and
CBD are the most abundant and extensively studied. Multiple animal
studies have demonstrated that THC hasmainly anti-convulsant effects,
but other studies have failed to document similar findings, and rarely,
pro-convulsant effects have been observed [43] (Table 2). Adverse ef-
fects (AEs) of THC in adolescents and adults include cognitive impair-
ment and chronic psychiatric disturbances [46]. Currently, there are
no adequate safety studies of THC use in children.

There has been growing interest generated by social media and tra-
ditional news sources about artisanal marijuana strains with high ratios
of CBD:THC and their effects in controlling seizures in children with
TREs, especially DS [32,33,47]. CBD has had documented anti-
convulsant effects in multiple pre-clinical animal models [43,48]. In ad-
dition, two of four older human trials suggested modest benefits in sei-
zure control (reviewed in [49]) with good tolerability (Table 1); both
were previously reviewed [49,50].

At the time of this publication, an unprecedentedmovement, largely
by lay individuals, has led to approval of MMJ by 25 states and the Dis-
trict of Columbia, for disorders that include TRE in all jurisdictions [51].
(At the time of this publication, November 8, 2016MMJ ballot measures
passed in Arkansas, Florida, and North Dakota. The subsequent legisla-
tion related to those approved measures has yet to be enacted.). These
laws have decriminalized use for approved medical disorders or symp-
toms, provided for access, and allowed a variety of strains and various
ingestion means [52]. At the same time, 17 states have passed limited
access laws, which set maximum THC andminimum CBD requirements
for heavily restricted products under extremely limitedmedical circum-
stances (limited only to TRE for some states) (Table 3) [51]. Conse-
quently, most Americans live in a state with some form of MMJ
legislation. Societal benefits of MMJ are supported by some association
studies; however, scientific evidence of remains scant. Rising use of
MMJ correlated with reductions in Medicare Part D expenditures of
Table 2
Table 2 highlights knowndrug interactionswith THC for each respective Cytochrome P450
enzyme listed.

CYP
enzymes

Known drug interactions with THC

CYP 1A2
[44,45]

If on second-generation antipsychotics (especially olanzapine and
clozapine), the immediate cessation of smoking THC has the
potential to cause antipsychotic toxicity. (Enhanced clearance of
drugs metabolized by CYP 1A2 is possible with smoking THC).

CYP 2C9
[45]

Inhibitors of this enzyme may cause an increase in THC levels
(genetically low metabolizers have elevated THC levels).

CYP 2A6
[45]

Does not seem to be clinically affected by THC

CYP 3A4
[45]

Does not seem to be clinically affected by THC; inhibitors of this
enzyme may increase THC levels while inducers may decrease THC
levels.

CYP – Cytochrome P450 enzyme; THC – Tetrahydrocannabidiol.
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165 million in 2013 [71] and decreased opioid overdoses between
1999 and 2010 in states withMMJ programs [72]. However, it is unclear
if this effect persists given the widespread rise of opioid use and fatali-
ties plaguing the United States of late. Despite the growing ubiquity of
MMJ for patients with TRE in the United States, we lack any prospective
RCTs on the safety or efficacy of cannabis products containing both CBD
and THC.

The following studies report on physician-sponsored open-label
studies as well as Phase 3 RCTs sponsored by GW Pharmaceuticals
using Epidiolex (100mg/ml CBD). For the open-label studies, GW Phar-
maceuticals provided the study drug and administrative support at all
sites, and research funding at some sites. In the case of the sponsored
RCTs, GW Pharmaceuticals provided the study drug, oversight, and
funding.

2. Cannabidiol in treatment-resistant epilepsy

Given the preclinical studies and anecdotal reports of children with
DS and other severe pediatric epilepsies whose seizures responded to
CBD, a collaboration between a group of clinical investigators and GW
Pharmaceuticals developed to explore the safety and efficacy of CBD in
patients with childhood-onset TRE [31,41–43,46]. All of the trials re-
ported below used Epidiolex (100 mg/ml CBD).

2.1. Cannabidiol in patients with TRE: an open-label interventional trial
[31]

Eleven independent United States-based investigator-initiated ex-
panded access open-label studies assessed the safety and efficacy of
CBD in TRE. The aggregated cohorts consisted of 214 patients (aged
1–30 years) with severe, intractable, childhood-onset TRE. All patients
were taking stable doses of AEDs for 4 weeks before starting CBD as
add-on therapy. Following a 4-week baseline period, patients were ini-
tiated on oral CBD (2–5 mg/kg per day in twice daily dosing); this dose
was increased gradually until intolerance or a maximum dose of
25 mg/kg or 50 mg/kg per day (as determined by each study site's
IRB) was reached.

Sufficient data on safety and tolerability were available in 162 pa-
tients; 33 with DS, 31 with LGS, and the rest with other TREs. Adverse
events (AEs) that occurred in N10% of patients included somnolence
(25%), reduced appetite (19%), diarrhea (19%), fatigue (13%) and con-
vulsion (11%). Twenty patients (12%) reported severe adverse events
(SAEs) during the study, but it was difficult to determine if the events
were related to CBD use. Five cases (3%) discontinued use because of
an AE. Sufficient data on efficacy was available in 137 patients. The pri-
mary efficacymeasure was the reduction inmedianmonthlymotor sei-
zure frequency. The mean monthly seizure frequency was calculated
using the seizure incidence as recorded by patients and caregivers in
paper seizure diaries. The medianmonthly frequency of motor seizures
was reduced by 36.5% (interquartile range (IQR): 0–64.7) from the
baseline frequency of 30.0 (IQR: 11.0–96.0) to 15.8 (IQR: 5.6–57.6)
over the course of the treatment period.

Clobazam is predominantly metabolized by CYP3A4 and CYP2C19,
and CBD potently inhibits CYP3A4 and CYP2C19 enzymes [19]. Conse-
quently, a pharmacokinetic interaction is suspected between clobazam
and CBD, as patients taking clobazam and CBD have experienced in-
creased sedation. This study noted somnolence or fatigue in 51% of the
85 patients taking clobazam and CBD, compared to 21% of 77 patients
treated with another AED (OR for somnolence 3.87, 95% CI 1.9–7.9)
[31]. An open-label study found that the mean increase in nor-
desmethyl CLB (nCLB) levels was 500 ± 300% (95% CI [+90–610%] at
4 weeks [73]. Further, an increased responder rate of 70% andmore fre-
quent somnolence or fatigue in patients taking clobazamwas noted in 6
of 13 patients [73]. Lastly, an abstract noted excessive sedation in 7 of 33
patients taking clobazam and CBD, as well as increasedmedian changes
in serum levels of clobazam (8.3% [range: −64 to 478%, N = 17]),
esistant epilepsy: A review, Epilepsy Behav (2016), http://dx.doi.org/
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Table 3
Table 3 summarizes available information about limited access laws implemented in their respective states as of the time of this publication.

State Statute and provisions Product Sources Specific conditions and
populations

Allowed products Recognizes
patients
from other
states

Limited access marijuana product laws
Alabama [53] SB 174-Allows U of

AL-Birmingham to conduct
effectiveness research using
low-THC products to treat
seizure disorders for up to
5 years. (Non-operational as
of April 2015)

Only U of AL-Birmingham can
dispense FDA-approved trial
products (with permission)

Yes, debilitating epileptic
conditions or life-threatening
seizures

Extracts that are b3% THC No

Florida [54] CS for SB 1030-specifies that
treatment information and
outcomes will be collected and
used for intractable childhood
epilepsy research.
(Amendment 2 approved as of
November 8,2016, legislation
pending.)

Yes, 5 registered nurseries across
the state, by region which have
been in business in FL for at least
30 years.

Yes, seizure disorders that
chronically produce symptoms
that can be alleviated by low-THC
products (among others)

Cannabis with THC b0.8% and CBD
N10% by weight

No

Georgia [55] HB 1 Provision for University of GA
system to develop a low THC oil
clinical research program that
meets FDA trial compliance.

Yes, seizure disorders (among
others)

Cannabis oils with THC b5% and at
least an equal amount of CBD

No

Iowa [56] SF 2360-Effective 7/1/14 Doesn't define or provide in-state
methods of access/production

Yes, intractable epilepsy “CBD-a non-psychoactive
cannabinoid” that contains b3%
THC, no N32 oz, essentially free
from plant matter

No

Idaho [57] Governor Vetoed 4/16/15
Kentucky [58] SB 124-exempted CBD from

the definition of marijuana
and allows it to be
administered by a public
university or school of
medicine in KY or clinical
trial/expanded access program
approved by the FDA.

Universities in KY with medical
schools capable of conducting a
research trial. Doesn't allow for
in-state production of CBD
product

Intractable Seizure disorders No, only “CBD” No

Louisiana [59] SB 143 LA State University and the
Southern University Agricultural
Center have been granted the
right of first refusal to be the
licensed production facility. (If
they pass, it goes to a competitive
bid process)

Yes “THC shall be reduced to the
lowest acceptable therapeutic
levels available through
scientifically acceptable
methods.”

No

Mississippi [60] HB 1231 Provided through National Center
for Natural Products Research at
the U of MI and dispensed by the
Dept. of Pharm. Services at the U
of MI Medical Center.

Yes, debilitating epileptic
conditions or related illnesses

“CBD oil”-processed cannabis
plant extract, oil or resin that
contains no N15% CBD, or a
dilution of the resin that contains
at least 50 mg of CBD/mL, but not
N0.5% THC.”

No

Missouri [61] HB 2238 CBD Oil Care Centers and
cultivation and production
facilities/laboratories

Yes, intractable epilepsy that has
not responded to three or more
other treatments

“Hemp extracts” ≤ 0.3% THC and
N5% CBD by weight

No

North Carolina [62] HB 1220 University research studies with a
hemp extract registration card
from the state DHHS or through
another jurisdiction that allows
removal of the products from the
state.

Yes, intractable epilepsy “Hemp extracts” b0.3% THC and
N10% CBD by weight. Contains no
other psychoactive substance.

No

Oklahoma [63] HB 2154 No in-state production, products
have to be imported. Federal
approval would be needed for any
formal distribution system.

Only minors with LGS, DS, also
known as severe myoclonic
epilepsy of infancy, or any other
form of refractory epilepsy that is
not adequately treated by
traditional medical therapies

A preparation of cannabis b0.3%
THC in liquid form

No

South Carolina [64] S 1035 Must use CBD product from an
approved source; including those
approved by the United States
FDA to be used for treatment of a
condition specified in an investi-
gational new drug application.
-The principal investigator and
any subinvestigator may receive
CBD directly from an approved
source or authorized distributor
for an approved source for use in

LGS, DS, also any severe myoclonic
epilepsy from infancy, or any
other form of refractory epilepsy
that is not adequately treated by
traditional medical therapies

CBD or derivative of marijuana
that contains 0.9% THC and N15%
CBD, or ≥98% CBD and not N0.90%
THC by volume that has been
extracted from marijuana or
synthesized in a laboratory.

No
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Table 3 (continued)

State Statute and provisions Product Sources Specific conditions and
populations

Allowed products Recognizes
patients
from other
states

expanded access clinical trials.
Tennessee [65] SB 2531-creates a four-year

study of high CBD/low THC
marijuana at TN Tech Univ./HB
197

Only products produced by TN
Tech Univ.
Patients may possess low THC oils
only if they are purchased “legally
in the United States and outside of
TN,” from an assumed medical
cannabis state; however, most
states do not allow products to
leave the state.
/Allows for legal defense related
to having the product as long as it
was obtained legally in the US or
other medical marijuana state.

Yes, intractable seizure
conditions/Yes, intractable seizure
conditions

“Cannabis oil” with b0.9% THC as
part of a clinical research
study./“Cannabis oil” with b0.9%
THC.

No

Texas [66] SB 339 Yes, licensed by the Dept. of Public
Safety

Yes, intractable epilepsy “Low-THC Cannabis” with not
N0.5% by weight of THC; and not
b10% by weight of CBD.

No

Utah [67] HB 105 Not clearly denoted, but allows
higher education institutions to
grow or cultivate industrial hemp.

Yes, intractable epilepsy that
hasn't responded to 3 or more
treatment options suggested by a
neurologist

“Hemp extracts” with b0.3% THC
by weight and at least 15% CBD by
weight and contains no other
psychoactive substances.

No

Virginia [68] HB 1445 No in-state means of acquiring
cannabis products.

Intractable epilepsy Cannabis oils with N15% CBD or
THC-A and b5% THC

No

Wisconsin [69] AB 726 Physicians and pharmacies with
an investigational drug permit by
the FDA can dispense CBD.
Qualified patients would also be
allowed to access CBD from an
out-of-state MMJ dispensary that
allows for out-of-state patients to
use their dispensaries as well as
remove the products from the
state.
No in-state production or
manufacturing mechanism
provided.

Seizure disorders Exception to the definition of
prohibited THC by state law,
allows for possession of “CBD in a
form without a psychoactive
effect.” THC or CBD levels are not
defined.

No

Wyoming [70] HB 32-supervised medical use
of hemp extracts. Effective
7/1/2015

No in-state production or
purchase method defined.

Intractable epilepsy or seizure
disorders

“Hemp extracts” with b0.3% THC
and at least 5% CBD by weight.

No

CBD – Cannabidiol; THC – Tetrahydrocannabidiol; DS – Dravet Syndrome; LGS – Lennox-Gaustat Syndrome; FDA – Food and Drug Administration; MMJ – Medical Marijuana.
(Adapted with permission from the National Conference of State Legislatures (NCSL) – reference [49]).
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valproate (8.4% [range: −21–38%, N = 11]), and levetiracetam (9.8%
[range: −23 –46%, N = 8]) [74]. Also, abnormalities in liver function
studies are much more frequent among patients on valproate,
suggesting pharmacokinetic (possibly via effects of CYP-2B) or pharma-
codynamics interactions. Consequently, concomitant administration
warrants extra vigilance.

2.2. CBD therapy in a state-sponsored treatment program [75]

Szaflarski and colleagues studied the safety and efficacy of CBD in a
cohort of 51 patients (23 children; 28 adults) with TRE. Nearly half
(49%) experienced a seizure reduction of ≥50%. Sustained improvement
in seizure control was observed during the 6 months of study [76]. This
group later studied CBD use in TRE patients in a dose assessment open-
label expanded access study of 81 patients (42 children; 39 adults).
Following a 3-month baseline period, patients were started at 5
mg/kg/day and incremental increases were made as tolerated every
2 weeks (5 mg/kg/day) to a maximum of 50 mg/kg/day. The CBD
dose/seizure response was correlated with the seizure response to the
dose, after factoring in the baseline seizure frequency. The 3-month
model for all patients and the 3-month and 6-monthmodels for pediat-
ric patients showed that the seizure reduction associated with CBD at a
dose of ~20–25mg/kg/daywas statistically significant. Among adult pa-
tients, there was a N25% reduction in 74% and N50% reduction in 56% of
patients.
Please cite this article as: O'Connell BK, et al, Cannabinoids in treatment-r
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2.3. Cannabidiol for TRE in tuberous sclerosis complex (TSC) [77]

Tuberous sclerosis complex is a genetic disorder affecting the TSC1
or TSC2 genes that causes epilepsy in ~85% of patients, approximately
two-thirds of whom develop TRE [78]. The safety and efficacy of CBD
were studied in 18 TSC patients with TRE. Patients were taking 1–7
AEDs, consistently dosed, for 2-weeks, prior to the 4-week baseline pe-
riod. They began with 5 mg/kg/day of CBD with weekly dose increases
(5 mg/kg/day) as tolerated to a maximum dose of 50 mg/kg/day.

The median weekly seizure frequency from 22.0 (IQR 14.8–57.4)
during baseline was reduced to 13.3 (IQR 5.1–22.1) after 3 months of
CBD treatment. Additionally, after 3 months of CBD treatment, the me-
dian reduction in weekly seizure frequency was 48.8% (IQR 69.1% to
11.1%) and the 50% responder rate was 50%. One or more AEs occurred
in 66.7% of patients; the majority were mild and transient. The most
common were drowsiness (44.4%), ataxia, (27.8%), and diarrhea
(22.2%). No SAEs were attributed to CBD.
2.4. CBD use in Febrile Infection-Related Epilepsy Syndrome (FIRES) [79]

Febrile Infection-Related Epilepsy Syndrome is a rare disorder in
children causing severe TRE, the consequences of which are severe in-
tellectual disability with persistent TRE or death [80,81]. There is no ef-
fective therapy for FIRES; however, the ketogenic diet has been themost
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promising, to date [82]. Seven children with FIRES at 5 epilepsy centers
with ongoing seizures despitemultiple therapies received CBD in emer-
gency or expanded investigational protocols during the acute or chronic
phase of FIRES [15]. Seizure frequency and duration improved in 6 of the
7 patients. One patient died from multi-organ failure due to isoflurane.
After CBD therapy, the number of concomitant AEDs was reduced
from a mean of 7.1 to 2.8. Three patients were also on the ketogenic
diet. Five patients were ambulatory and four were verbal at the time
of reporting, which was an improvement from their baseline.

3. Epidiolex

GWPharmaceuticals has sponsored four placebo RCTs for evaluation
in DS, LGS, and TSC. In DS and LGS, populations, Epidiolex 20mg/kg/day
was compared to placebo. A dose-finding study was also conducted in a
LGS population comparing Epidiolex 10 mg/kg/day, 20 mg/kg/day, and
placebo. (Results are still pending from the TSC study.) Available pre-
liminary results from the Phase 3 trials are summarized below. The de-
scribed datawill be presented at professionalmeetings and published in
peer-reviewed journals. These results support the safety and efficacy
findings of previous open-label studies in a rigorous double-blind place-
bo controlled trial methodology. Epidiolex was granted Orphan Drug
and Fast Track Designations from the FDA for DS, LGS, and TSC.

3.1. Dravet phase 3 preliminary study results [83]

The study population consisted of 120 patients with DS who were
taking a mean of 3 concomitant AEDs and whose seizures had not ade-
quately responded to an average of 4 AEDs. Themedian baseline convul-
sive seizure frequency from the baseline period was 13 per month.
Patients were randomized to receive either Epidiolex 20 mg/kg/day
(n = 61) or placebo (n = 59) in addition to baseline AEDs.

The primary efficacymeasurewas the change inmonthly convulsive
seizure frequency during the 14-week treatment period generated by
Epidiolex versus placebo. The median reduction was 39% in the
Epidiolex group and 13% in the placebo group (p = 0.01). Among pa-
tients who reported AEs, 84% were mild or moderate. The most com-
mon AEs (N10% of Epidiolex-treated patients) were: somnolence,
diarrhea, decreased appetite, fatigue, pyrexia, vomiting, lethargy,
upper respiratory tract infection, and convulsion. The incidence of
SAEs reported was 10 in the Epidiolex cohort and 3 in the placebo co-
hort, and 8 Epidiolex patients and 1 placebo patient discontinued treat-
ment because of an AE.

3.2. RCT phase 3 preliminary study results in Lennox Gastaut syndrome [84]

Lennox-Gastaut Syndrome is another rare and severe childhood-
onset epilepsy. The first LGS study enrolled 171 patients (2–55 years)
with TRE who were randomized to CBD 20 mg/kg/day (n= 86) or pla-
cebo (n = 85) in addition to current AEDs. Patients were taking an av-
erage of 3 AEDs after prior trials with an average of 6 other AEDs. The
median baseline drop seizure frequency for the population was 74 per
month.

The primary efficacymeasure was the percent change in themonth-
ly frequency of drop (atonic, tonic and tonic-clonic) seizures during the
initial 2-week titration and 12-week maintenance periods. The CBD
group had a 44% reduction versus 22% in the placebo group (p =
0.0135). The differences generated by the administration of CBD and
placebo occurred in thefirstmonth of therapy and persisted throughout
the maintenance period. The most common AEs (N10% of CBD-treated
patients) were: diarrhea, somnolence, decreased appetite, pyrexia,
and vomiting. Adverse events were reported in 86% of CBD- and 69%
of placebo-treated patients. Among AEs in CBD-treated patients, 78%
were rated as mild or moderate. Serious adverse events occurred in
23% of CBD-treated patients (9were considered treatment-related) ver-
sus 5% of placebo patients (1 was treatment-related). AEs led to
Please cite this article as: O'Connell BK, et al, Cannabinoids in treatment-r
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discontinuation for 12 CBD patients and 1 placebo patient. All patients
who completed the trial elected to continue into an open-label exten-
sion trial.

3.3. Dose-ranging phase 3 RCT in Lennox-Gastaut syndrome [85]

This study population consisted of 225 patients with LGS (2–
55 years old) with TRE who were taking an average of 3 AEDs after
prior treatmentwith an average of 7 other AEDs. Patientswere random-
ized to one of three trial arms: Epidiolex 20 mg/kg/day (n = 76),
Epidiolex 10 mg/kg/day (n = 73), or placebo (n = 76) in addition to
their current AEDs. The median reduction in monthly drop seizures in
the placebo group was 17% compared to Epidiolex 20 mg/kg/day of
42% (p = 0.0047) and Epidiolex 10 mg/kg/day of 37% (p = 0.0016).

Epidiolex was generally well tolerated, similarly to the two prior
Phase 3 studies. Rates of AEs were: 84% in the 10 mg/kg cohort (89%
mild or moderate), 94% in the 20 mg/kg cohort (88% mild or moderate)
and 72% in the placebo group. Themost commonAEs (N10% in one of the
Epidiolex-dose cohorts) included somnolence, decreased appetite, upper
respiratory infection, diarrhea, pyrexia, vomiting, nasopharyngitis, and
status epilepticus. Discontinuation of treatment due to AEs affected 1 pa-
tient in the 10 mg/kg/day Epidiolex group, 6 patients on 20 mg/kg/day
group, and 1 patient on placebo. Serious adverse events occurred in 13
patients in the 10 mg/kg/day group (2 study drug-related), 13 patients
in the 20 mg/kg/day group (5 study drug-related), and 8 patients in
the placebo group (0 study drug-related). There were no deaths during
the course of the study. Ninety-nine percent of patients who completed
the trial elected to participate in an open-label extension trial.

4. Conclusions

After millennia of cannabis use for epilepsy, we are beginning to col-
lect sound scientific evidence suggesting that CBD is effective in reduc-
ing convulsive seizures in DS and drop seizures in LGS. Open-label
experienceswith CBD support efficacy in a broader range of TRE, includ-
ing those associated with TSC, FIRES, focal epilepsy, and other
syndromes.

The safety and efficacy of THC – either alone or used in various ratios
with CBD – remains undefined in children or adults with any epilepsy
syndrome. Given the widespread and growing use of MMJ containing
both CBD and THC, we believe that it is essential that safety and efficacy
data from RCTs be sought to inform both patient and physician groups.
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