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Abstract

We investigated the effects of cannabidiol (CBD;21-day maintenance dose) on the pharmacokinetics (PK) of clobazam (CLB) and monitored the safety
of CBD (or placebo) plus CLB in 20 patients with uncontrolled epilepsy on stable doses of CLB. Blood samples collected until 24 hours postdose
were evaluated by liquid chromatography tandem mass spectrometry. PK parameters of CLB and major metabolite N-desmethylclobazam (N-CLB),
valproic acid, stiripentol, levetiracetam, topiramate, plant-derived highly purified CBD (Epidiolex in the United States; 100 mg/mL oral solution) and its
major metabolites were derived using noncompartmental analysis. There was no evidence of a drug-drug interaction (DDI) between CBD and CLB:
geometric mean ratio (GMR) of day 33:day 1 CLB was 1.0 (90%CI, 0.8-1.2) for Cmax and 1.1 (90%CI, 0.9-1.2) for AUCtau. There was a significant DDI
between CBD and N-CLB: the GMR of day 33:day 1 N-CLB was 2.2 (90%CI, 1.4-3.5) for Cmax and 2.6 (90%CI, 2.0-3.6) for AUCtau. Placebo had no
effect on CLB or N-CLB; CBD had no effect on levetiracetam.Data were insufficient regarding DDIs with other antiepileptic drugs. The safety profile
of CBD (20 mg/kg/day) with CLB was acceptable; all but 1 adverse events (AEs) were mild or moderate.One serious AE (seizure cluster) led to CBD
discontinuation. One patient withdrew after intolerable AEs. Although there was no evidence of a CBD and CLB DDI, there was a significant DDI
between CBD and N-CLB. The safety profile of GW Pharmaceuticals’ CBD formulation with CLB was consistent with other GW-sponsored trials.
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Highly purified cannabidiol (CBD) oral solution is
approved for the treatment of seizures associated with
Lennox-Gastaut syndrome or Dravet syndrome (DS)
in patients ≥2 years of age1-6 and is available in the
United States as Epidiolex and in Europe as Epidy-
olex, where it is used in conjunction with clobazam
(CLB). Data from nonclinical studies and the scientific
literature support at least 3 targets for the mechanism
of anticonvulsant action of CBD: modulation of in-
tracellular Ca2+ by antagonism of G-protein-coupled
receptor 55 and desensitization of transient receptor
potential vanilloid type 1 channels, and inhibition of
adenosine reuptake via inhibition of the equilibrative
nucleoside transporter 1.7-9 Importantly, CBD lacks
detectable euphoric effects associated with a propensity
for abuse because of limited or no interaction with the
cannabinoid receptors, CB1 and CB2.10

CBD is extensively metabolized in the liver by cy-
tochrome P450 (CYP) enzymes, mainly CYP2C19 and,
to a lesser extent, CYP3A4.11,12 These CYP enzymes
are induced by several antiepileptic drugs (AEDs) (eg,
carbamazepine, topiramate, and phenytoin) and inhib-
ited by others (eg, valproic acid [VPA]). CBD may
also inhibit the CYP2C family of isozymes.12,13 In vivo

data show that coadministration of CBD increases
plasma concentrations of CYP2C19 substrates and
may increase the risk of adverse reactions with these
substrates.4

CLB is also extensively metabolized in the liver,
mainly by CYP3A, with minor contributions from
CYP2B6 and CYP2C19, resulting in formation of its
active metabolite, N-desmethylclobazam (N-CLB). N-
CLB is then further metabolized by CYP2C19.14,15
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Based on animal and in vitro receptor-binding data, the
relative potency of N-CLB is estimated to be between
one-fifth to equally as potent as CLB, andmoderate-to-
strong inhibitors of CYP2C19 may result in increased
exposure to N-CLB.16 Indeed, several uncontrolled
studies found that levels of N-CLB are increased by
CBD.17-19 As such, a formal assessment of any drug-
drug interaction (DDI) between CBD and CLB (and
N-CLB) in patients with epilepsy is important and of
clinical interest.

Methods
Trial Design
All relevant trial-related documents, including the pro-
tocol, were reviewed by the Essex Research Ethics
Committee (UK) and the Unidad de Soporte al CEIC
ethics committee (Spain), and approval for the trial
was granted on March 20, 2015. All patients pro-
vided written informed consent for participation in the
trial, which was performed in full conformity with the
current Declaration of Helsinki,20 the International
Council for Harmonisation guidelines for Good Clin-
ical Practice,21 and all other applicable regulations.
The trial was performed between January 20, 2016,
and July 21, 2016, at 8 sites (The Barberry, Birming-
ham, UK; Royal Sussex County Hospital, Brighton,
UK; Epilepsy Unit, Western Infirmary, Glasgow, UK;
Department of Neurology, Leeds General Infirmary,
Leeds, UK; Department of Neurology, Salford Royal
NHS Foundation Trust, Salford, UK; Department of
Neurology, Hospital Clinic, Barcelona, Spain; Hospi-
tal Universitario La Paz, Department of Neurology,
Madrid, Spain; Hospital Universitari Vall d’Hebron,
Barcelona, Spain). The trial was performed considering
the European Medicines Agency22 recommendations
for clinical investigation of medicinal products in the
treatment of epileptic disorders and the Food andDrug
Administration guidance for the clinical evaluation of
AEDs in adults and children.23

The trial enrolled adult patients with poorly con-
trolled epilepsy already on a stable dose of CLB.
Patients were randomized 4:1 to receive a pharmaceu-
tical formulation of highly purified CBD derived from
Cannabis sativa L. plant in an oral solution (100mg/mL
Epidiolex in the United States; GW Research Ltd.,
Cambridge, UK) or placebo from days 2 to 33. On
day 1, patients did not receive CBD, but they were
already receiving stable doses of CLB. Patients titrated
their CBD or placebo dose for 10 days (days 2 to 11)
to 20 mg/kg/day CBD (or placebo equivalent volume)
split into 2 equal doses (twice daily), taken immediately
after the patients’ CLB dose. The titration period was
followed by a 21-day maintenance dose period (days 12
to 32). This maintenance period duration was chosen
to provide a reliable steady-state assessment. The final

morning dose of CBD and final PK visit were on day
33. Patients then tapered their CBD or placebo dose or
were invited into an open-label extension (OLE) study.

Inclusion and Exclusion Criteria
The inclusion criteria specified that the trial population
consisted of male and female patients with epilepsy
aged 18-65 years, taking stable CLB (≤20 mg/day for
4 weeks prior to screening), and no more than 2 other
AEDs.

Female subjects of childbearing potential were non-
pregnant and nonlactating at screening. Male and
female subjects agreed to use highly effective contra-
ception for the duration of the trial and for 3 months
thereafter. Patients had experienced at least 1 seizure of
any type within the 2 months prior to randomization.
Patients had no other clinically significant illness in the
4 weeks prior to screening or any significantly impaired
hepatic function.

Trial Assessments
Materials
Reference and internal standards for CLB and N-
CLB bioanalysis were supplied by Cerilliant (Round
Rock, Texas). Reference and internal standards for
CBD, 6-hydroxy-cannabidiol (6-OH-CBD), 7-hydroxy-
cannabidiol (7-OH-CBD), and 7-carboxy-cannabidiol
(7-COOH-CBD) bioanalysis were supplied by GWRe-
search Ltd., Cerilliant, or BDG Synthesis (Wellington,
New Zealand). As �9-tetrahydrocannabinol (THC)
is present as a trace impurity in the CBD formula-
tion measured in this trial, plasma concentrations of
THC, 11-hydroxy-�9-tetrahydrocannabinol (11-OH-
THC), and 11-nor-9-carboxy-�9-tetrahydrocannabinol
(11-COOH-THC), and reference and internal stan-
dards for each analyte were supplied by GW Research
Ltd., Cerilliant, or BDG Synthesis.

Plasma Sample Preparations
CBD and metabolite samples were extracted from
plasma by protein precipitation with isopropyl alcohol
and acetonitrile. THC and metabolite samples were
extracted by liquid-liquid extraction. CLB and N-CLB
samples were extracted by protein precipitation.

Bioanalysis and Pharmacokinetic Assessment
Using validated high-performance liquid chromatog-
raphy (HPLC) with tandem mass spectrometry meth-
ods, plasma concentrations of CBD and its major
metabolites, THC and its metabolites were determined
at LGC (Fordham, UK). Plasma concentrations of
clobazam and N-CLB were determined at Covance
Laboratories Ltd (Harrogate, UK). Details of the ana-
lytical procedures used are provided in Table 1. Internal
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Table 1. Bioanalytical Methods Used

Laboratory LGC Fordham Covance Harrogate

Assay Validation CBD and Metabolite Assays THC and Metabolite Assays CLB and N-CLB Assays

Range Low range High range Single range Single range
Sample volume (μL) 200 200 100 25
Extraction technique Protein precipitation Protein precipitation Liquid-liquid extraction Protein precipitation

Mobile phase A — 0.1% ammonia in methanol
B — 5 mM ammonium formate (pH 9)

A — 0.1% ammonia in
isopropanol; methanol
(20:80)

B — 5 mM ammonium formate
(pH 9)

A — water:formic acid
(100:0.05)

B — methanol:formic acid
(100:0.05)

CBD THC CLB

MS mode APCI positive APCI positive ESI positive ESI positive
MS/MS transition 315→193 315→193 315→193 301→259
LLOQ (ng/mL) 2 90 0.125 1
ULOQ (ng/mL) 2000 10 000 62.5 400
Curve parameters Quadratic (1/x) Quadratic (1/x) Linear (1/x2) Linear (1/x2)

7-OH-CBD 11-OH-THC N-CLB

MS mode APCI negative APCI negative ESI positive ESI positive
MS/MS transition 329→268 329→268 331→193 287→245
LLOQ (ng/mL) 0.25 11.25 0.25 1
ULOQ (ng/mL) 250 1250 125 400
Curve parameters Linear (1/x2) Linear (1/x2) Linear (1/x2) Linear (1/x2)

7-COOH-CBD 11-COOH-THC

MS mode APCI negative APCI negative ESI negative
MS/MS transition 343→179 343→179 343→245
LLOQ (ng/mL) 0.25 180 0.25
ULOQ (ng/mL) 250 20000 125
Curve parameters Linear (1/x2) Quadratic (1/x) Linear (1/x2)

7-COOH-CBD,7-carboxy-cannabidiol;7-OH-CBD,7-hydroxy-cannabidiol;11-OH-THC,11-hydroxy-tetrahydrocannabinol;APCI,atmospheric pressure chemical
ionization; CBD, cannabidiol; CLB, clobazam; ESI, electrospray ionization; LLOQ, lower limit of quantification; MS, mass spectrometry; N-CLB, N-
desmethylclobazam; THC, tetrahydrocannabinol; ULOQ, upper limit of quantification.

standards were d3-CBD, d3-THC d9-11-COOH-THC,
d3-11-OH-THC (all supplied by Cerilliant), d5-7-
COOH-CBD, and d5-7-OH-CBD (both supplied by
BDG Synthesis), and d5-CLB and d5-N-CLB (both
supplied by Alsachim, Illkirch-Graffenstaden, France).
There were no significant interfering peaks observed at
the retention times for any of the analytes, indicating
adequate selectivity of the methods. The precision
(coefficient of variation [%CV]) and accuracy (relative
error [RE%]/mean % different [Bias%]) of the HPLC
method were acceptable for all analytes (≤15% [20% at
the lower limit of quantification (LLOQ)]).

The recovery of CBD, 6-OH-CBD, 7-OH-CBD,
and 7-COOH-CBD from human plasma was between
92% and 100% at the 3 concentrations tested (low,
medium, and high), and was considered acceptable.
The recovery of THC, 11-OH-THC, and 11-COOH-
THC from human plasma was between 56.3% and
124% at the 3 concentrations tested (low, medium,

and high). Although the recovery for THC and its
metabolites varied between quality control levels, this
did not affect the linearity of the assay and therefore
was not considered to impact the validity of the data.
The recovery was 97.4% for CLB and 100.7% for N-
CLB; these were considered adequate to obtain precise
and accurate quantification of the analytes.

Blood samples were taken from patients via an
indwelling intravenous catheter or direct venipuncture.
Resultant plasma was stored in a freezer at −80°C.
Blood samples for pharmacokinetic (PK) analysis were
taken at the following times: predose and then 0.25, 0.5,
1, 1.5, 2, 4, 6, 12, and 24 hours postdose.

PK parameters were determined by noncompart-
mental analysis. PK parameters evaluated included
maximummeasured plasma concentration (Cmax), area
under the plasma concentration–time curve over a dos-
ing interval, where tau is the dosing interval (AUCtau),
and time to maximum plasma concentration (tmax).
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Safety Assessments
The safety and tolerability of CBD, including abuse
liability and withdrawal symptoms, were evaluated
by recording the incidence and severity of adverse
events (AEs) throughout the trial, review of clinical
laboratory tests, vital signs, 12-lead electrocardiogram,
physical examinations, seizure diary, and Columbia-
Suicide Severity Rating Scale (C-SSRS). If there were
symptoms of toxicity suspected to be from a DDI, the
principal investigator was permitted to adjust the dose
of CBD/placebo, CLB, or other AEDs after discussion
with the medical monitor.

Statistical Analysis
The primary objective of the trial was to determine
whether CBD affected the PK profile of CLB and its
major metabolite, N-CLB, in patients with epilepsy.
Secondary objectives were to evaluate the safety and
tolerability of CBD in patients with epilepsy taking
CLB. Descriptive statistics of patient demographics
and safety outcomes were based on the safety analysis
set (all patients who received any CBD).

All PK analyses were performed on the PK analysis
set, which included all patients who received CBD
and provided sufficient data to derive PK parameters
at PK visits on days 1 and 33. Noncompartmental
methods were used to estimate PK parameters for all
analytes with sufficient data above the LLOQ from
the concentration-time profiles. SAS statistical software
version 9.2 or higher was used for descriptive statistics
of the PK parameters, which included Cmax, AUCtau,
and tmax.

To assess whether the presence of CBD altered
the PK profile of CLB (or N-CLB), a standard 90%
confidence interval (CI) approach for the between-time
point ratios of geometric means of Cmax, AUCtau, and
AUC0-∞ was carried out on a logarithmic scale using a
linearmixed-effects model. The no-effect boundary was
set between 0.5 and 2.0, and if the 90%CI for the ratio
of the geometric means of a PK variable fell within the
interval (0.5-2.0), a lack of meaningful effect was de-
clared. The lower boundary aligns with the convention
for classifying an investigational drug as a moderate or
strong inducer (≥50% decrease in AUC), and the upper
boundary aligns with the convention for classifying an
investigational drug as a moderate or strong inhibitor
(≥2-fold increase in AUC), as per the US Food and
DrugAdministrationDraftGuidance for ClinicalDrug
Interaction Studies, October 2017.24 Estimates were
back-transformed to provide summaries on the original
scale. The model included a fixed-effect term for the PK
assessment period. An unstructured covariance matrix
was used. Kenward and Roger’s method was used to
calculate the denominator degrees of freedom for the

fixed effects. The PK analyses were conducted using
Phoenix WinNonlin.

For the descriptive statistics of PK parameters
for CLB and N-CLB, Cmax and AUCtau were dose-
normalized as Cmax and AUC divided by the dose
(expressed in mg/kg).

Sample Size
There was no formal sample size calculation, and anal-
yses were descriptive only. This trial was not designed
to assess efficacy or exposure PK/pharmacodynamic
relationships because of its short treatment duration
(31 days), limited sample size (20 patients), and broad
inclusion criteria for baseline seizure frequency and
type (≥1 seizure of any type within 2 months before
randomization).

Results
Subject Demographics
Patient disposition is summarized in Figure 1. A total
of 20 patients were enrolled in a 4:1 ratio to receive
CBD:placebo. Two patients withdrew from the trial
(both taking CBD); 1 withdrew consent to participate
after intolerable AEs, and the second was withdrawn
by the investigator because of a serious AE of a cluster
of 12 seizures. Seven patients (1 taking placebo and
6 taking CBD) were excluded from the PK analysis
because of misdosing (n = 2), withdrawal of consent
(n= 1), treatment-emergent AEs (n= 2), andCLB dose
reductions (n = 2).

The demographics were similar across the 2 treat-
ment groups, with 10 male and 10 female subjects
enrolled overall (8 of each sex in the CBD group and
2 of each sex in the placebo group). Most patients were
white (19 [95%]), and 1 (5.0%) wasAsian.Mean age was
similar across the 2 treatment groups at 36.6 years in the
CBD group and 37.6 years in the placebo group. Mean
body mass index was 25.98 kg/m2 in the placebo group
and 28.25 kg/m2 in the CBD group (Table 2).

All patients had a history of seizures, most com-
monly partial complex or focal onset with impaired
awareness (15 patients overall [75%]), followed by
secondarily generalized tonic-clonic convulsions (6
patients overall [30%]). All patients had abnormal
electroencephalogram or a history of abnormal neu-
roimaging at baseline.

Concomitant Medication
All patients were taking concomitant AEDs at baseline,
as well as other medications. Per protocol, all patients
were taking CLB (10-20 mg/day in the CBD group;
5-20 mg/day in the placebo group). The next most
common AED was levetiracetam, taken by 9 patients
overall (45%). Concomitant AEDs ongoing at baseline
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Figure 1. CONSORT flow chart of patient disposition.
*Included all patients who received ≥1 dose of study drug and provided sufficient PK data to derive PK parameters at Day 1 or 2 and at Day 33 or
34. Six CBD patients and 1 placebo patient were excluded owing to: CBD and CLB dose modifications (2 CBD patients), CLB dose modification (1
CBD patient), discontinued trial before the last visit (1 CBD patient), CBD dosed at 10 mg/kg/day instead of 20 mg/kg/day (1 CBD patient), stopped
taking CBD before the last visit (1 CBD patient), and study drug taken after predose sampling (1 placebo patient). AE, adverse event; bid., twice daily;
CBD, cannabidiol; CLB, clobazam; PK, pharmacokinetics.

Table 2. Demographics and Baseline Characteristics; Safety Analysis Set

Placebo
(n = 4)

CBD
(n = 16)

Total
(n = 20)

Number of Patients (%)
Sex

Male 2 (50.0) 8 (50.0) 10 (50.0)
Female 2 (50.0) 8 (50.0) 10 (50.0)

Race
White 4 (100) 15 (93.8) 19 (95.0)
Asian 0 1 (6.3) 1 (5.0)

Mean (Standard Deviation)
Age, y 37.57

(10.7)
36.60 (8.5) 36.79 (8.7)

BMI, kg/m2 25.98
(5.8)

28.25 (5.2) 27.80 (5.3)

BMI, body mass index; CBD, cannabidiol.

and taken during the trial are summarized in Table 3.
Fifteen patients (75%) were taking other medications.
The most common classes of other medication were
antihistamines for systemic use (5 patients [25%]), fol-
lowed by antianemic preparations (3 patients [15%]).
The most common other concomitant medication was
folic acid (3 patients [15%]).

Table 3. Ongoing Antiepileptic Drugs at Trial Baseline and Taken During
the Trial; Safety Analysis Set

Antiepileptic
Drug

Placebo
(n = 4)

CBD
(n = 16)

Total
(n = 20)

Number of Patients (%)
Clobazam 4 (100) 16 (100) 20 (100)
Levetiracetam 2 (50.0) 7 (43.8) 9 (45.0)
Carbamazepine 1 (25.0) 4 (25.0) 5 (25.0)
Lacosamide 2 (50.0) 3 (18.8) 5 (25.0)
Lamotrigine 1 (25.0) 4 (25.0) 5 (25.0)
Valproic acid 0 3 (18.8) 3 (15.0)
Eslicarbazepine 0 3 (18.8) 3 (15.0)
Oxcarbazepine 1 (25.0) 2 (12.5) 3 (15.0)
Perampanel 1 (25.0) 0 1 (5.0)
Phenobarbital 0 1 (6.3) 1 (5.0)

CBD, cannabidiol.

Pharmacokinetics

CLB and N-CLB Pharmacokinetic Data. CLB and N-
CLB PK parameters are presented in Table 4. Plasma
concentration-by-time profiles for CLB andN-CLB are
shown in Figure 2a and Figure 2b, respectively.

Concomitant administration of either placebo or
CBD with CLB had no effect on CLB plasma concen-
trations (Figure 2a). Dose-normalized mean values for



VanLandingham et al 1309

Table 4. Absolute and Dose-Normalized Pharmacokinetic Parameters; Pharmacokinetic Analysis Set

Placebo CBD Placebo CBD
(n = 3) (n = 10) (n = 3) (n = 10)

Geometric Mean (CV%)a

Parameter Day CLB CLB Dose-Normalized

Cmax (ng/mL) Day 1 440 (29.9) 330 (40.4) 22.0 (29.9) 19.3 (31.4)
Day 33 461 (102.3) 329 (54.8) 23.1 (102.3) 19.2 (44.7)

AUCtau (ng·h/mL) Day 1 3320 (67.5) 2690 (52.9) 166 (67.5) 157 (47.1)
Day 33 3310 (102.5) 2840 (46.2) 165 (102.5) 166 (34.7)

tmax (h) Day 1 1.2 (1.0-1.5) 1.0 (0.8-4.0) – –
Day 33 1.6 (1.5-2.0) 1.9 (0.5-4.0) – –

N-CLB N-CLB Dose-Normalized

Cmax (ng/mL) Day 1 1130 (82.1) 2060 (138.4) 56.6 (82.1) 121 (125.1)
Day 33 1320 (134.1) 4570 (54.0) 66.1 (134.1) 267 (38.6)

AUCtau (ng·h/mL) Day 1 11 400 (63.7) 18 300 (124.2) 571 (63.7) 1070 (105.1)
Day 33 11 500 (79.1) 48 400 (53.9) 573 (79.1) 2830 (38.3)

tmax (h) Day 1 2.0 (0.0-12.0) 1.5 (0.3-6.0) — —
Day 33 1.0 (0.3-2.0) 3.0 (0.0-11.1) — —

AUCtau,area under the plasma concentration–time curve over a dosing interval,where tau is the dosing interval;CBD,cannabidiol;CLB,clobazam;Cmax,maximum
measured plasma concentration; CV, coefficient of variation; N-CLB,N-desmethylclobazam; tmax, time to maximum plasma concentration.
AUCtau and Cmax values were dose-normalized by dividing the parameters by the dose expressed in mg/kg.
aExcept for tmax, which is presented as median (range).

Table 5. Geometric Mean Ratios of CLB and N-CLB Pharmacokinetic
Parameters on Day 33 Compared With Day 1; Pharmacokinetic Analysis
Set

Placebo CBD
(n = 3) (n = 10)

Day 33:Day 1 Ratio (90%CI)

Parameter CLB

Cmax 1.1 (0.4-2.7) 1.0 (0.8-1.2)
AUCtau 1.0 (0.7-1.5) 1.1 (0.9-1.2)

N-CLB

Cmax 1.2 (0.6-2.2) 2.2 (1.4-3.5)
AUCtau 1.0 (0.8-1.3) 2.6 (2.0-3.6)

AUCtau, area under the plasma concentration–time curve over a dosing
interval, where tau is the dosing interval; CBD, cannabidiol; CI, confidence
interval; CLB, clobazam; Cmax, maximum measured plasma concentration; N-
CLB,N-desmethylclobazam.

exposure (Cmax and AUCtau) to CLB were unchanged
between days 1 and 33 in both the placebo and CBD
groups. Geometric mean ratios for CLB PK parameters
showed no effect of CBD or placebo on CLB exposure
on day 33 compared with day 1 (Table 5).

On day 1, the median CLB tmax was 1.2 hours (range,
1.0-1.5 hours) in the placebo group and 1.0 hour (range,
0.8-4.0 hours) in the CBDgroup. On day 33, themedian
tmax increased in both groups, to 1.6 hours (range, 1.5-
2.0 hours) in the placebo group and 1.9 hours (range,
0.5-4.0 hours) in the CBD group.

There was little change in N-CLB plasma concentra-
tions between days 1 and 33 in the placebo group. In the

CBDgroup, increases inN-CLBplasma concentrations
were observed between days 1 and 33 (Figure 2b).

In the CBD group, dose-normalized mean values
for exposure to N-CLB were higher on day 33 than on
day 1. Values were unchanged in the placebo group.
Geometric mean day 33:day 1 ratios for CLB PK
parameters showed evidence of a DDI between CBD
and N-CLB; ratios for Cmax and AUCtau, all >2 with
CBD treatment, and the 90%CIs were outside the
no-effect boundary of 0.5 and 2.024 (Table 6).

The median N-CLB tmax was 2.0 hours (range, 0.0-
12.0 hours) in the placebo group and 1.5 hours (range,
0.3-6.0 hours) in the CBD group on day 1. On day 33,
the median tmax was 1.0 hour (range, 0.3-2.0 hours) in
the placebo group and increased to 3.0 hours (range,
0.0-11.1 hours) in the CBD group.

On day 1, geometric mean N-CLB:CLB ratios for
Cmax and AUCtau were 6.3 and 6.8, respectively, in the
CBDgroup, and 2.6 and 3.4, respectively, in the placebo
group. On day 33, the Cmax andAUCtau ratios increased
to 13.9 and 17.1, respectively, in the CBD group and
to 2.9 and 3.5, respectively, in the placebo group.
As shown, in the placebo group, mean N-CLB:CLB
exposure ratios were similar on days 1 and 33.

CBD and Metabolite Pharmacokinetic Data. PK pa-
rameters of CBD and its major metabolites are
summarized in Table 4. Following 21 days of mainte-
nance dosing of 20 mg/kg/day CBD taken concomi-
tantly with CLB, geometric mean Cmax values were
546 ng/mL for CBD, 15.5 ng/mL for 6-OH-CBD,
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Figure 2. Mean (SD) (A) clobazam (CLB) and (B) N-desmethylclobazam (N-CLB) plasma concentrations versus time on Day 1 and Day 33 (linear
scale; log-linear scale values are shown in the insets) in the absence and presence of placebo or cannabidiol (CBD) coadministration; pharmacokinetics
(PK) analysis set.

Table 6. Pharmacokinetic Parameter Data for CBD and Its Major Metabolites on Day 33; Pharmacokinetic Analysis Set (n = 10)

Analyte tmax (h)a Cmax (ng/mL)b AUCtau (ng·h/mL)b

CBD 3.1 (1.5-11.0) 546 (54.0) 3560 (45.2)
6-OH-CBD 4.0 (2.0-11.0) 15.5 (30.8) 118 (29.6)
7-COOH-CBD 4.0 (0.5-6.2) 17 800 (56.6) 165 000 (77.9)
7-OH-CBD 4.0 (2.0-11.0) 211 (44.8) 1550 (32.2)

6-OH-CBD, 6-hydroxy-cannabidiol; 7-COOH-CBD, 7-carboxy-cannabidiol; 7-OH-CBD, 7-hydroxy-cannabidiol; AUCtau, area under the plasma concentration–
time curve over a dosing interval,where tau is the dosing interval;CBD, cannabidiol;Cmax,maximum measured plasma concentration;CV, coefficient of variation;
tmax, time to maximum plasma concentration.
aMedian and range.
bGeometric mean and CV%.

17 800 ng/mL for 7-COOH-CBD, and 211 ng/mL
for 7-OH-CBD. Geometric mean AUCtau values were
3560 ng/mL for CBD, 118 ng/mL for 6-OH-CBD,
165 000 ng/mL for 7-COOH-CBD, and 1550 ng/mL for
7-OH-CBD.

The tmax values were similar across the major CBD
metabolites, 6-OH-CBD, 7-COOH-CBD, and 7-OH-
CBD (median tmax, 4.0 hours for all metabolites; range,
0.5-11.0 hours across metabolites). CBD had an ear-
lier tmax (median, 3.1 hours; range, 1.5-11.0 hours).
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Table 7. All-Causality Treatment-Emergent Adverse Events Experienced by >1 Patient Overall,by MedDRA SystemOrgan Class and Preferred Terms;
Safety Analysis Set

System Organ Class Placebo CBD Total
Preferred Term (n = 4), n (%) (n = 16), n (%) (n = 20), n (%)

Subjects experiencing any AEs 2 (50.0) 13 (81.3) 15 (75.0)
Gastrointestinal disorders 1 (25.0) 8 (50.0) 9 (45.0)
Diarrheaa 1 (25.0) 6 (37.5) 7 (35.0)
Nausea 0 3 (18.8) 3 (15.0)
Vomiting 0 3 (18.8) 3 (15.0)

Nervous system disorders 0 9 (56.3) 9 (45.0)
Dizziness 0 2 (12.5) 2 (10.0)
Sedation 0 2 (12.5) 2 (10.0)
Somnolence 0 2 (12.5) 2 (10.0)

Skin and subcutaneous tissue disorders 0 6 (37.5) 6 (30.0)
Dermatitis 0 2 (12.5) 2 (10.0)

AE, treatment-emergent adverse event; CBD, cannabidiol; MedDRA,Medical Dictionary for Regulatory Activities.
aMedDRA preferred term “diarrhoea.”

The most abundant metabolite was 7-COOH-CBD
(metabolite-to-parent ratios [MR] for Cmax and AUCtau

were 32.6 and 51.5, respectively), followed by 7-OH-
CBD (MR for Cmax and AUCtau were both 0.4), and
6-OH-CBD being the least abundant (MR for Cmax and
AUCtau were both 0.03).

THC Plasma Concentrations. After 21 days of main-
tenance dosing of 20 mg/kg/day CBD taken concomi-
tantly with CLB, plasma concentrations of THC were
below the limit of quantification (<0.125 ng/mL) for
all patients in the CBD group predose and for most
patients (9 of 10 [90%]) up to 12 hours postdose. Trace
levels of THC were observed (range, 0.1-0.4 ng/mL) in
6 of 10 patients (60%) 2 hours postdose and 6 of 10
patients (60%) 4 hours postdose.

Interpatient Variability. Interpatient variability (CV%)
in exposure parameters (Cmax andAUC) for all analytes
investigated ranged from moderate (29.9%) to high
(138.4%) throughout the trial (Table 4).

Safety
All AEs experienced by >1 patient overall using the
Medical Dictionary for Regulatory Activities Preferred
Terms are presented in Table 7. Thirteen patients taking
CBD (81.3%) and 2 patients taking placebo (50%)
experienced 1 or more AEs. In the CBD group, most
AEs were mild (5 [31.3%]) or moderate (7 [43.8%]),
and 1 (6.3%) was severe. All AEs in the placebo group
were mild. There were no deaths or pregnancies. Di-
arrhea, nausea, vomiting, sedation, somnolence, and
dizziness were the most common AEs reported overall.
One patient taking CBD (6.3%) experienced a serious
AE of seizure cluster that led to withdrawal from the
trial. In the CBD group, during the final trial visit,
2 patients (12.5%) had AEs related to raised transam-

inases, including alanine aminotransferase >3× the
upper limit of normal; 1 of these patients was taking
VPA concomitantly. Neither patient showed symptoms
or signs of clinical hepatitis, and both completed the
double-blind phase of the trial without meeting Hy’s
Law criteria. Both patients were withdrawn from the
follow-up OLE study, and the AEs recovered following
discontinuation of CBD. No clear trends in changes in
other laboratory parameters were identified.

There were AEs in 3 patients (18.9%) leading to re-
ductions in CBD dose. These events included a rash, di-
arrhea, and multiple events of sedation, slurred speech,
and word-finding difficulties. All resolved following
reduction in the CBD dose, and all patients remained
on CBD after resolution of symptoms. One patient in
the CBD group (6.3%) had a dose reduction in CLB
from 15 to 5 mg/day because of sedation. AEs relating
to vital signs were few and not clinically important.

Results of the C-SSRS identified no treatment-
emergent suicidal ideation or behavior in patients tak-
ing CBD during the trial. There was no evidence of
abuse liability or signs of withdrawal between the
treatment groups.

Seizure activity was monitored as a safety end point:
9 patients in the CBD group (56.3%) reported improve-
ment in seizure activity compared with 1 patient in the
placebo group (25.0%).

Discussion
This is the first randomized, controlled trial to investi-
gate the DDI between this oral CBD formulation and
CLB in patients with epilepsy. The trial was designed as
a standard intrapatient DDI assessment, whereby each
patient served as his or her own control. Therefore, even
with a relatively low number of patients enrolled, there
was adequate power to describe the magnitude of the



1312 The Journal of Clinical Pharmacology / Vol 60 No 10 2020

DDI. Patients enrolled in the trial were taking stable
doses of CLB and no more than 2 other AEDs to limit
the influence of other extrinsic factors on the specific
DDI under investigation.

Effect of CBD on CLB and N-CLB
CLB and N-CLB plasma concentrations in the absence
(predose on day 1) and presence (predose on day 33)
of CBD demonstrated a PK interaction between CBD
and N-CLB, but not between CBD and CLB. These
differences were reflected in the exposures (Cmax and
AUCtau) for CLB andN-CLB on day 33 compared with
day 1; N-CLB Cmax increased by 2.2-fold and AUCtau

increased by 2.6-fold in the CBD group. These find-
ings are consistent with those from a noncomparative,
investigator-led trial in children with refractory epilep-
sies, which reported a nonsignificant mean increase in
CLB and a significant increase in N-CLB (of 500% ±
300%) after 4 weeks of 20 mg/kg/day CBD treatment
compared with pretreatment.19 Similar findings were
reported in a randomized, controlled trial in pediatric
patients with DS who took multiple CBD doses of 5,
10, or 20 mg/kg/day. In that trial, there were no relevant
changes inCLBplasma exposures withCBD treatment;
however, for N-CLB, there was a mean increase of
>166% in all dose groups.3 The current trial findings,
along with reported literature data, provide evidence
of a DDI between CBD and N-CLB, most likely
resulting from inhibition of CYP2C19 by CBD.2,3,6,19

Administration of CLB with other drugs that inhibit
CYP2C19 has also been shown to result in increased
exposure to N-CLB,16 and increased exposure to N-
CLB may also contribute to an increased incidence of
certain AEs, such as somnolence.3

Although the present trial did not assess the effect
of CLB on CBD and its metabolites, a recent trial
assessing the bidirectionalDDI betweenCBDandCLB
in healthy volunteers found that CLB also increased ex-
posure of CBD’s active metabolite, 7-OH-CBD.25 This
bidirectional interaction is important because increases
in the 7-OH-CBD metabolite could also contribute to
efficacy and adverse effects.

CBD and Metabolite Plasma Concentrations
Following 20 mg/kg/day dosing with CBD, plasma
concentrations of CBD, 6-OH-CBD, 7-COOH-CBD,
and 7-OH-CBD were measured on day 33 at steady
state. The 7-COOH-CBD metabolite was the major
circulating product, followed by CBD and 7-OH-
CBD, with relatively low concentrations of the 6-OH-
CBDmetabolite being observed in plasma (consistently
<10% that of CBD). These findings are consistent with
previously reported trials with CBD.3,26

The moderate-to-high interpatient variability seen
in this trial—possibly related to intrinsic and extrinsic

factors not fully evaluated in this trial—is commonwith
cannabinoids and has been previously documented.27

THC Plasma Concentrations
Because GW’s formulation of CBD contains trace
THC of not more than 0.1% weight for weight active
pharmaceutical ingredient, plasma concentrations of
THC and its metabolites were also monitored in this
trial. Throughout the trial, THC exposure was low, with
plasma concentrations below the limit of quantification
in most patients at most times.

Safety
CBD at 20 mg/kg/day coadministered with CLB had
an acceptable safety profile in most patients. During
the trial, there were more AEs in patients taking CBD
than placebo. One patient in the CBD group withdrew
because of a serious AE of seizure cluster that subse-
quently resolved. The safety findings in this trial are
consistent with other trials with this formulation of
CBD in patients with certain forms of epilepsy.1,3,19,28

Most patients attained the target dose and com-
pleted the trial, and there were no deaths during the
trial. Most patients in the CBD group (9 [56%]) re-
ported ≥25% improvement in seizures, compared with
1 patient in the placebo group (25%).

Two patients taking CBD experienced AEs re-
lated to increased hepatic transaminases. Hepatic
transaminase-related AEs have been reported previ-
ously in both open-label and controlled trials of CBD
for severe refractory epilepsies.1,3,28 Importantly, none
of the transaminase elevations in this trial met the
criteria for Hy’s Law.

Conclusions
When 20mg/kg/day CBDwas added to CLB in patients
with uncontrolled epilepsy, there was no evidence of
a DDI between parent compounds CBD and CLB;
however, systemic exposure of N-CLB (the major CLB
metabolite) increased by 2- to 3-fold. CBD had an
acceptable safety profile at 20 mg/kg/day when coad-
ministered with CLB in adult patients with epilepsy, but
a reduction in dosage of CLBmay be needed if adverse
reactions known to occur with CLB are experienced.
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