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Abstract

Objective: The efficacy of cannabidiol (CBD) with and without concomitant clobazam
(CLB) was evaluated in stratified analyses of four large randomized controlled trials,
two in Lennox-Gastaut syndrome, and two in Dravet syndrome.

Methods: Each trial of CBD (Epidiolex® in the US; Epidyolex® in the EU; 10 and
20 mg/kg/day) was evaluated by CLB use. The treatment ratio was analyzed using
negative binomial regression for changes in seizure frequency and logistic regression
for the 50% responder rate, where the principle analysis combined both indications
and CBD doses in a stratified meta-analysis. Pharmacokinetic data were examined
for an exposure/response relationship based on CLB presence/absence. Safety data
were analyzed using descriptive statistics.

Results: The meta-analysis favored CBD vs. placebo regardless of CLB use. The treat-
ment ratio (95% Cl) of CBD over placebo for the average reduction in seizure fre-
quency was 0.59 (0.52, 0.68; P < .0001) with CLB and 0.85 (0.73, 0.98; P = .0226)
without CLB, and the 50% responder rate odds ratio (5% Cl) was 2.51 (1.69, 3.71;
P < .0001) with CLB and 2.40 (1.38, 4.16; P = .0020) without CLB. Adverse events
(AEs) related to somnolence, rash, pneumonia, or aggression were more common in
patients with concomitant CLB. There was a significant exposure/response relation-
ship for CBD and its active metabolite.

Conclusions: These results indicate CBD is efficacious with and without CLB, but do
not exclude the possibility of a synergistic effect associated with the combination of
agents. The safety and tolerability profile of CBD without CLB show a lower rate of
certain AEs than with CLB.
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1 | INTRODUCTION

Highly purified cannabidiol (CBD; Epidiolex® in the US and
Epidyolex® in the EU) was evaluated for the treatment of seizures
associated with Lennox-Gastaut syndrome (LGS) or Dravet syn-
drome (DS) across four consecutive randomized, double-blind, pla-
cebo-controlled trials of similar design (GWPCARE1,2,3,4).¥* In
each trial, CBD significantly reduced seizure frequency (primary
endpoint) and higher proportions of patients had 250% reduction
(key secondary) vs. placebo. Enrolled patients had previously tried
and discontinued an average of six antiseizure drugs (ASDs) and
were taking an average of three concomitant ASDs during the trial,
and the most common was the benzodiazepine, clobazam (CLB).

CBD and CLB have a bi-directional pharmacokinetic (PK) interac-
tion that increases plasma levels of each drugs' active metabolites,
with no meaningful impact on parent compounds.®® CBD inhibition
of cytochrome (CYP) P450 2C19 increases CLB's active metabo-
lite, norclobazam (nor-desmethylclobazam or N-CLB) by three- to
fourfold.® Approximately 80% of the increase occurs with CBD
doses as low as 5 mg/kg/day and is fully maximized by 10 mg/kg/
day.” By contrast, CLB increases the active CBD metabolite, 7-hy-
droxy-cannabidiol (7-OH-CBD) by ~50%, likely by inhibiting glucu-
ronidation.®1° While there is little clinical evidence that either have
antiseizure effects, both N-CLB**2 and 7-OH-CBD*® are anticon-
vulsant in animal models. Given this significant PK interaction and
preclinical evidence, it is important to understand the potential clin-
ical effects when CBD is used with or without CLB.

Although subgroup analyses in clinical trials assess the con-
sistency of the overall observed treatment effect across baseline
covariates and prognostic factors, including demographic charac-
teristics and concomitant medications, they must be interpreted
with caution.** Thus, care is required when comparing treatment
effects between subgroups (e.g., treatment effects with CLB use
vs. treatment effects without CLB use) because use of current
ASDs confers acceptable tolerability and effect, which, together
with the lack of randomization, may bias and confound results
when examined by ASD type (e.g., confounding by indication).!®
However, accepting that the effect size within subgroups can be
affected by confounders, a structured meta-analytic approach can
increase the statistical power to detect a possible treatment effect
within subgroups.

Given there was sufficient similarity in dose, seizure types, and
treatment protocols across the four GWPCARE LGS/DS trials, we
conducted a structured meta-analysis to evaluate whether the CBD
treatment effect is present without concomitant CLB. The safety
and tolerability of CBD with and without concomitant CLB, and the

exposure-response relationship of CBD were also examined.

2 | METHODS

Features of the four randomized controlled trials of CBD in LGS

and DS are summarized in Table 1. The protocols for each trial

were approved by each center's Institutional Review Board or
Independent Ethics Committee and were conducted in accord-
ance with the principles of the Declaration of Helsinki and the
International Conference on Harmonization Tripartite Guideline on
Good Clinical Practice. All parents or legal guardians provided writ-
ten informed consent. Assent was obtained where possible from
adolescents and adults. Eligible patients having at least eight drop
seizures (LGS) or four convulsive seizures (DS) during a 28-day base-
line period were randomized to plant-derived highly purified CBD
(Epidiolex/Epidyolex; 100 mg/mL oral solution) at a dose of 10 or
20 mg/kg/day or matching placebo for a 14-week treatment period
(2-week titration followed by a 12-week maintenance period). The
primary efficacy endpoint was the percentage change in seizure
frequency. The proportion of patients with = 50% reduction in sei-
zure frequency (50% responder rate) was a key secondary endpoint,
which was analyzed following the primary endpoint in a fixed se-
quence hierarchy to control the overall type | error. Drop seizures
(atonic, tonic, or tonic-clonic) were assessed in the LGS trials, and
convulsive seizures (tonic, clonic, tonic-clonic, or atonic) in the DS
trials. The trials met the criteria for meta-analytic combination due
to their similar patient populations, treatment protocols, doses,
method of seizure frequency assessment, and outcomes.”?

Data from the four trials were first analyzed independently using
negative binomial regression and then combined using a stratified
fixed-effects meta-analysis to provide a more statistically accurate
and reliable estimate of the percentage change in seizure frequency
in each subgroup. The lack of a dose-response between 10 and
20 mg/kg/day and the similar clinical characteristics of the seizure
types in LGS and DS further support the combination of both doses
and disease states; the stratified approach preserves randomization
by trial. A test for heterogeneity of the treatment effect between
trials (ie, study by treatment interaction) showed no statistical ev-
idence, suggesting such an interaction for each analysis combin-
ing data across trials, which confirmed the appropriateness of the
fixed-effects meta-analysis. Similarly, logistic regression analyses
evaluated the interaction between CBD efficacy and concomitant
CLB use on the key secondary endpoint of the proportion of 50%
responders and were also combined using stratified meta-analyses
across the trials.

The meta-analysis results are presented as forest plots where a
point estimate of the treatment effect to the left of the parity line
favors placebo and to the right of the parity line favors CBD. For the
negative binomial regression analyses, the results are expressed as
a treatment ratio with 95% confidence intervals (Cls), and for the
logistic regression analyses, the results are expressed as odds ratios
with 95% Cls. The principal, prespecified, post hoc analysis of in-
terest was the overall analysis combining both indications and both
doses. All P-values were two-sided; as this was a post hoc meta-an-
alytical approach and no corrections of multiplicity of testing were
performed, P-values are considered nominal.

Regarding safety, all-cause treatment-emergent adverse events
(AEs), serious AEs, AEs leading to discontinuation, and AEs of special
interest (AESI) to the CBD-CLB interaction were assessed by CLB
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TABLE 1 Summary of Pivotal Phase 3 Trials in Patients with LGS or DS

Description

Patient population

Regions

Patients planned/
randomized

Treatment group:
number of
patients treated

Treatment plan

Efficacy endpoints

Efficacy: reduction
in seizure
frequency

Efficacy: 50%
responder rates

GWEP1414 (LGS)

GWEP1423 (LGS)

Adjunct to existing ASDs in patients with LGS who
had inadequately controlled drop seizures

2-55 years with a clinical diagnosis of LGS, 2 2 drop
seizures each week during the 28-day baseline
period despite taking > 1 ASD at a stable dose for

> 4 weeks
US, UK, France, Spain

150/225

Placebo: 76
CBD 10 mg/kg/day: 73
CBD 20 mg/kg/day: 76

Baseline Period (Days -28
to -1)

Double-blind treatment
period (Weeks 1-14):

e Titration Period
(Weeks 1-2):

e CBD 2.5 mg/kg/day
increasing 2.5-5.0 mg/
kg QOD over 7 days
to 10 mg/kg/day, or
11 days to 20 mg/kg/day

e Placebo volumes
equivalent to 2.5 mg/
kg/day increasing 2.5-
5.0 mg/kg QOD over 7
or 11 days

e Maintenance Period
(Weeks 3-14):

e CBD 10 or 20 mg/kg/
day

e Placebo volumes
equivalent to 10 or
20 mg/kg/day

US, The Netherlands,
Poland

100/171

Placebo: 85
CBD 20 mg/kg/day:
86

Baseline Period
(Days -28 to -1)

Double-blind
treatment period
(Weeks 1-14):

e Titration Period

(Weeks 1-2):

e CBD 2.5 mg/kg/
day increasing 2.5-
5.0 mg/kg QOD
over 11 days

e Placebo volumes
equivalent to
2.5 mg/kg/day
increasing 2.5-
5.0 mg/kg QOD
over 11 days

e Maintenance
Period
(Weeks 3-14):
e CBD 20 mg/kg/day
e Placebo volumes
equivalent to
20 mg/kg/day

Optional OLE trial or taper (10% per day) and

follow-up

Primary: Percentage change from baseline in drop
seizure frequency during the treatment period

Key secondary: Proportion of patients with a > 50%
reduction from baseline in drop seizure frequency

during the treatment period

Placebo: 17.2%

CBD 10 mg/kg/day: 37.2%,
P=.0016

CBD 20 mg/kg/day: 41.9%,
P =.0047

Placebo: 14.5%

CBD 10 mg/kg/day: 35.6%,
P=.0030

CBD 20 mg/kg/day: 39.5%,
P =.0006

Placebo: 21.8%
CBD 20 mg/kg/day:
43.9%, P =.0135

Placebo: 23.5%
CBD 20 mg/kg/day:
44.2%, P =.0043

GWEP1332B (DS)

GWEP1424 (DS)

Adjunct to existing ASDs in patients with DS who had
inadequately controlled convulsive seizures

2-18 years with a clinical diagnosis of DS, = 4 convulsive seizures
during the 28-day baseline period despite taking > 1 ASD at a

stable dose for > 4 weeks

US, UK, France, Poland

100/120

Placebo: 59
CBD 20 mg/kg/day: 61

Baseline Period (Days -28 to -1)

Double-blind treatment period

(Weeks 1-14):

e Titration Period (Weeks 1-2):

e CBD 2.5 mg/kg/day
increasing 2.5-5.0 mg/kg
QOD over 11 days

e Placebo volumes equivalent
to 2.5 mg/kg/day increasing

2.5-5.0 mg/kg QOD over
11 days

e Maintenance Period
(Weeks 3-14):
e CBD 20 mg/kg/day

e Placebo volumes equivalent

to 20 mg/kg/day

US, Spain, Poland, Australia,
Israel, The Netherlands

186/199

Placebo: 65
CBD 10 mg/kg/day: 66
CBD 20 mg/kg/day: 67

Baseline Period (Days -28
to -1)

Double-blind treatment
period (Weeks 1-14):

e Titration Period
(Weeks 1-2):

e CBD 2.5 mg/kg/day
increasing 2.5-5.0 mg/
kg QOD over 7 days to
10 mg/kg/day, or 11 days
to 20 mg/kg/day

e Placebo volumes
equivalent to 2.5 mg/
kg/day increasing 2.5-
5.0 mg/kg QOD over 7 or
11 days

e Maintenance Period
(Weeks 3-14):

e CBD 10 or 20 mg/kg/day

e Placebo volumes
equivalent to 10 or
20 mg/kg/day

Optional OLE trial or taper (10% per day) and follow-up

Primary: Percentage change from baseline in convulsive seizure
frequency during the treatment period

Key secondary: Proportion of patients with a > 50% reduction
from baseline in convulsive seizure frequency during the

treatment period

Placebo: 13.3%
CBD 20 mg/kg/day: 38.9%,
P=.0123

Placebo: 27.1%
CBD 20 mg/kg/day: 42.6%,
P=.0784

Placebo: 26.9%

CBD 10 mg/kg/day: 48.7%,
P =.0095

CBD 20 mg/kg/day: 45.7%,
P =.0299

Placebo: 26.2%

CBD 10 mg/kg/day: 43.9%,
P=.0332

CBD 20 mg/kg/day: 49.3%,
P =.0069

The seizures are drop seizures in LGS (atonic, tonic, or tonic-clonic) and convulsive seizures in DS (tonic-clonic, tonic, clonic, or atonic).

Abbreviations: ASD, antiseizure drug; CBD, cannabidiol; DS, Dravet syndrome; LGS, Lennox-Gastaut syndrome; OLE, open-label extension; QOD,

every other day.
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use. AESI were those with consistent numerical differences between
patients with and without CLB across both CBD doses. Information
on trial medication usage, concomitant medications, and AEs were
recorded daily in a paper diary. Investigators were instructed to
maintain doses of concomitant medications during the trials unless
an adjustment was warranted for safety; 20.4% of CBD patients had
any CLB dose adjustments.

An exploratory PK/pharmacodynamic (PD) exposure-response
analysis was performed on a combined dataset of patients with
LGS, addressing the frequency of drop seizures and AEs. The
safety endpoints were analyzed as binary variables. A logis-
tic regression analysis was used with a continuous covariate for
steady-state exposure to model the relationship between CBD and
7-OH-CBD and the outcome of a reduction from baseline in drop
seizures of at least 50%, based on an average relative change from
baseline during the maintenance period (from Day 15 to Day 95).
This was also done for the probability of a patient having 21 of
these AEs: somnolence, transaminase elevation, diarrhea, loss of
appetite, rash, or nausea. Concomitant treatment with CLB was
included as a binary covariate/predictor for drop seizures, and in a
separate analysis for AEs. Logistic regression was performed using
the "glm" function in R with family "binomial" (variance = binomial,
link = logit).

Another evaluation of the independent effect of CBD, the primary
endpoint, and the 50% responder rate were assessed in patients tak-
ing both concomitant stiripentol (STP) and CLB, as the inhibition of
N-CLB metabolism is fully maximized by STP and CBD does not fur-

ther increase levels of N-CLB in these patients.’

3 | RESULTS
3.1 | Patients

The pooled population comprised 714 patients, with similar sam-
ple sizes for each trial: 396 with LGS and 318 with DS; 429 treated
with add-on CBD (240 with CLB and 189 without CLB) and 285
with add-on placebo (Table 2). In the LGS cohort, 73 patients re-
ceived CBD 10 mg/kg/day, 162 received CBD 20 mg/kg/day, and
161 received placebo. In the DS cohort, 66 patients received CBD
10 mg/kg/day, 128 received CBD 20 mg/kg/day, and 124 received
placebo.

At baseline across all trials, patients had tried and discontinued
a median of six ASDs and were currently taking a median of three
ASDs (Table 2). CLB was the most common ASD, used in 49% of
patients in the LGS trials and 64% of patients in the DS trials, and
was stable for at least 4 weeks prior to the trial period. Of the pa-
tients not taking CLB, approximately two-thirds had previously tried
and discontinued its use due to lack of efficacy, tolerability, or AEs
(Figure 1). A higher proportion of patients not taking concomitant
CLB had tried and discontinued at least six ASDs compared with
patients currently taking CLB (54.7% without and 28.6% with CLB).

Patients treated without CLB also had a higher baseline frequency
of seizures per 28 days than patients with CLB (54 without and 36
with CLB) (Table S1).

3.2 | Meta-analysis Results

The results of the meta-analysis for the negative binomial regres-
sion on the change in seizure frequency, the primary endpoint in
all four trials, favored CBD vs. placebo, regardless of CLB co-ther-
apy. For the principal combined CBD dose vs. placebo analysis, the
treatment ratios (95% Cls) were 0.59 (0.52, 0.68; P < .0001) with
CLB and 0.85 (0.73, 0.98; P = .0226) without CLB (Figure 2). The
treatment effect without CLB was nominally statistically signifi-
cant in the principal combined dose analysis, but not the individual
dose groups.

The meta-analysis results for the logistic regression on the 50%
responder rate, the key secondary endpoint, also favored CBD vs.
placebo regardless of CLB co-therapy. For the combined CBD dose
vs. placebo analysis, the odds ratios (95% Cls) were 2.51 (1.69, 3.71;
P < .0001) with CLB and 2.40 (1.38, 4.16; P = .0020) without CLB
(Figure 2). Nominal statistical significance was observed for all six

groups (Figure 2).

3.3 | Additional Exploratory Efficacy Analyses

3.3.1 | Increased Seizure Frequency in a
Proportion of Patients with LGS without CLB

In the LGS cohort not taking CLB, the 20 mg/kg/day CBD group
(but not 10 mg/kg/day CBD group) had a greater proportion of
patients experiencing a numerical increase in seizure frequency
compared with placebo (Figure 3, left side of the graphs); this was
not accompanied by an increase in seizure-related AEs. Response
rates 225% favored CBD vs. placebo for both doses without CLB
(Figure 3, right side of graphs). Thus, the increases in seizure fre-
quency in the 20 mg/kg/day CBD group without CLB led to a
reduced overall seizure reduction without affecting the 250% re-

sponder rate.

3.3.2 | Population PK/PD Analysis in LGS

The exploratory population PK/PD analysis indicated an exposure-
efficacy relationship for the likelihood of achieving a 250% re-
duction in drop seizure frequency across the dose range of 10 to
20 mg/kg/day in patients with LGS.2° There was a positive correla-
tion (P < .01) between the derived area under the curve of CBD in
plasma and the probability of a > 50% response. Further, the re-
sponder rate analysis also showed a correlation in the exposure-re-
sponse relationship for the active metabolite of CBD (7-OH-CBD).
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Lennox—Gastaut Syndrome

67%
Prior CLB

49%
With CLB

519
i 33%

No Prior
CLB

Without CLB

64%
With CLB

Dravet Syndrome

36%

Without CLB

40%
No Prior

CLB

60%
Prior CLB

FIGURE 1 Prior clobazam use in the LGS and DS trials of cannabidiol among patients treated with and without concomitant clobazam
(ITT analysis set). ITT: intention-to-treat; CBD: cannabidiol; CLB: clobazam; LGS: Lennox-Gastaut syndrome; DS: Dravet syndrome

With Clobazam Without Clobazam
[ | |
Placebo CBD Favors;Favors Treatment Placebo CBD FavorsiFavors Treatment
Reduction in Seizures (N) (N) PIaceboiCBD Ratio  P-value (N) (N) Placebo:CBD Ratio  P-value
10 + 20 mg/kg/day CBD 158 240 : o 059 <0001 127 189 o 0.85 0226
10 mg/kg/day CBD 78 82 ;e 0.66 0004 63 57 —o—i 0.78 .0540
20 mg/kg/day CBD 158 158 E e 0.56 <.0001 127 132 ' = 0.88 .1485
2 1 0.5 0.25 2 1 0.5 0.25
Treatment Ratio (95% Cl) Treatment Ratio (95% Cl)
Placebo CBD Favors:Favors Odds Placebo CBD Favorsi Favors Odds
50% Responder Rate (n/N)  (n/N) Placebo:CBD Ratio P-value  (n/N) (n/N) PIaceboECBD Ratio  P-value
10 + 20 mg/kg/day CBD 43/158 114/240 E o 2.51 <.0001 20/127 52/189 i —o— 2.40 .0020
10 mg/kg/day CBD 23/78  39/82 e 2.35 0132  5/63  14/57 o 3.52 .0259
20 mg/kg/day CBD 43/158 75/158 i —o— 2.59 .0001  20/127 38/132 i O 2.1 .0221
1 100 0.1 1 10 100

10
Odds Ratio (95% Cl)

Odds Ratio (95% Cl)

FIGURE 2 Meta-analysis results across the LGS and DS trials for patients treated with and without concomitant clobazam. Top panels:
negative binomial regression analysis of the reduction in primary seizure count. Bottom panels: logistic regression analysis of the 50%
responder rate for primary seizures. The scale of the treatment ratio forest plots was based on a semi-log base 2 scale and the odds ratio
forest plots on a semi-log base 10 scale. LGS: Lennox-Gastaut syndrome; DS: Dravet syndrome; CBD: cannabidiol; Cl: confidence interval

The models support a positive effect of CBD independent of the

presence of CLB.

3.3.3 | CBD efficacy when combined with
STP and CLB

STP is a strong inhibitor of CYP 3A4 and 2C19, increasing exposure
to CLB and its N-desmethyl active metabolite (N-CLB). Adding CBD
to CLB and STP co-therapy does not further increase levels of CLB
or N-CLB due to maximal metabolic inhibition from STP. When CBD
was added to STP and CLB (89 total; 58 CBD and 31 placebo), the
treatment effect numerically favored CBD vs. placebo for the pri-
mary endpoint (treatment ratio [95% Cl], 0.81 [0.57, 1.17] and the
50% responder rate (odds ratio [95% Cl], 1.51 [0.36, 6.41]), which
supports a CLB-independent effect of CBD.

3.3.4 | Safety and tolerability

In general, more patients taking CBD vs. placebo reported AEs, seri-
ous AEs, and AEs leading to discontinuation both with and without
concomitant CLB (Table 3). More patients treated with than without
CLB reported AEs and serious AEs in CBD and placebo subgroups.
The incidence of AEs leading to discontinuation was generally similar
with and without CLB, except for the 20 mg/kg/day group (13.0%
and 8.0%) (Table 3). The AEs of special interest related to somno-
lence, rash, pneumonia, and aggression were reported more fre-
quently in patients treated with than without CLB (Table 3).

Among patients taking concomitant CLB, the incidence of som-
nolence-related AEs was approximately two times higher than
placebo for both 10 and 20 mg/kg/day CBD groups (48.1% and
57.8% vs. 20.8%); among patients not taking concomitant CLB, the

incidence of somnolence-related AEs was similar for placebo and
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FIGURE 3 Changeindrop seizure (A)
frequency in CBD patients treated

without concomitant Clobazam in LGS

trials: A, CBD 10 mg/kg/day;

B, CBD 20 mg/kg/day. Graphs show 80 A
the categorical change from baseline
seizure frequency during the 14-week
treatment period for the ITT analysis set
in the LGS population. Each bar can be
interpreted independently from other bars
in the chart and depicts a dichotomous
summary of the proportion of patients
with LGS treated with CBD and without
concomitant clobazam meeting the 20
specified criterion on the x-axis. LGS:
Lennox-Gastaut syndrome; ITT: intention-
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10 mg/kg/day CBD (11.9% and 11.5%), but higher for 20 mg/kg/
day CBD (24.1%). The incidences of pneumonia and rash-related AEs
were higher in CBD vs. placebo patients only in the cohort with CLB
and did not notably increase with increasing CBD dose (Table 3).
AEs of convulsion (ie, seizure worsening) and status epilepticus
are shown with all common AEs (>10% in any group) in Table S2. The
incidences of convulsion and status epilepticus were similar for CBD
vs. placebo for both the with and without CLB groups. There were
no discernible increases in serious AEs, hospitalizations, or emer-

gency room visits in any of the subgroups.

4 | DISCUSSION

The stratified meta-analysis of the four randomized, double-blind,
placebo-controlled trials in Lennox-Gastaut syndrome and Dravet

syndrome demonstrated a significant seizure reduction with CBD

compared with placebo in patients with or without background CLB
therapy for both the primary efficacy endpoint of change in seizure
frequency and the key secondary endpoint of the proportion of pa-
tients with at least a 50% reduction in seizure frequency. These re-
sults are similar to a recently published independent meta-analyses
of the same four trials reporting risk ratios of the 50% responder

2122 3nd an independent expert evaluation of the data provided

rate,
in the EMA Public Assessment Report.?®

In our meta-analysis, the estimated improvement over placebo
was greater for the primary endpoint in patients with vs. without CLB,
suggesting the CBD antiseizure effect increases in the presence of
CLB. However, the odds ratios compared with placebo of achieving
at least a 50% response were similar with or without CLB. This appar-
ent discrepancy suggests the potential effect modification cannot be
fully explained by a PK interaction between CBD and CLB and other
sources must be considered. CLB had been tried and discontinued in

most patients without CLB (Figure 1), and thus, there was substantial
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TABLE 3 AE summary and AEs of special interest for clobazam interaction across LGS and DS trials in the safety analysis sets

With CLB Without CLB
Number of patients, Placebo CBD 10 mg/kg/ CBD 20 mg/kg/day Placebo CBD 10 mg/kg/ CBD 20 mg/kg/
n (%) (n=159) day (n=79) (n=161) (n=126) day (n=52) day (n = 137)
Any AE 127 (79.9) 71(89.9) 152 (94.4) 89 (70.6) 41 (78.8) 118 (86.1)
Serious AE 14 (8.8) 18 (22.8) 37 (23.0) 11 (8.7) 8(15.4) 23(16.8)
AE leading to 1(0.6) 1(1.3) 21 (13.0) 2(1.6) 0 11 (8.0)
discontinuation
Somnolence, Fatigue, 33(20.8) 38 (48.1) 93 (57.8) 15(11.9) 6(11.5) 33(24.1)
Lethargy, Sedation
Rash?, Generalized 6(3.8) 8(10.1) 19 (11.8) 2(1.6) 1(1.9) 6(4.4)
maculopapular rash
Pneumonia® 2(1.3) 11 (13.9) 11 (6.8) 2(1.6) 0 4(2.9)
Aggression, Irritability 4 (2.5) 8(10.1) 17 (10.6) 3(2.4) 3(5.8) 10 (7.3)

Abbreviations: AE, treatment-emergent adverse event; CBD, cannabidiol; CLB, clobazam; DS, Dravet syndrome; LGS, Lennox-Gastaut syndrome.

#Rash was defined as any MedDRA Preferred Term containing rash.

bPneumonia was defined as any MedDRA Preferred Term containing pneumonia.

potential for selection based on prior treatment response. This likely
caused increased variability, severity, and potential for refractory sei-
zure responsiveness in the subgroup without CLB, which supports a
more variable treatment effect of CBD without CLB. Further, in the
LGS cohort without CLB, a higher proportion of patients on 20 mg/
kg/day CBD compared with placebo experienced a numerical in-
crease in seizure frequency. This was not observed for patients taking
CLB. Although the mechanism for this observation remains unknown,
the increases in seizure frequency in some patients diminished the
overall seizure reduction without affecting the > 50% responder rate.

Several other analyses support an independent antiseizure effect
of CBD. Preclinical data show CBD has dose-dependent efficacy as
monotherapy across a range of animal models of seizure.?42% Clinical
data demonstrate an exposure-response relationship for both CBD
and its active metabolite 7-OH-CBD.?° Further, when CBD is added
to a treatment regimen that includes STP with CLB, the metabolism
of CLB is already maximally inhibited by STP and no further eleva-
tion in parent CLB or its active metabolite, N-CLB, occurs.” In evalu-
ating the CBD treatment effect in patients taking STP with CLB (ie,
with N-CLB levels already maximally elevated), both the reduction in
seizure frequency and 50% responder rate favored CBD vs. placebo,
demonstrating that the antiseizure effect of CBD is independent of
increased N-CLB levels.

The overall safety profile of CBD was affected by concomitant
CLB therapy and was more favorable without CLB. The incidence
of AEs and serious AEs was higher for CBD vs. placebo, and highest
in patients taking CBD and concomitant CLB. Several AEs of inter-
est to the CBD-CLB interaction were identified including somno-
lence-related AEs, rash, pneumonia, and aggression. The incidence
of somnolence was highest in the CBD groups with CLB, but was also
increased by CBD in the patients without CLB, suggesting an effect
both from the CBD-CLB interaction and from CBD itself, especially

at the 20 mg/kg/day dose. By contrast, the incidences of pneumonia
and rash were elevated only in patients on CBD and CLB but did
not increase with increasing CBD dose. Although the incidence of
seizure worsening and status epilepticus AEs were similar in patients
with and without CLB, and similar for CBD and placebo, more pa-
tients on CBD than placebo in the LGS cohort without CLB experi-
enced increases in seizure frequency. As with any ASD, when adding
CBD to a patient's treatment regimen, the potential for increased
seizure frequency should be monitored. Titration of either CBD or
CLB should be considered to manage AEs.?’

The main limitation of this meta-analysis is that the CLB subgroup
consists of patients allocated to the subgroup based on physician
decision to initiate CLB therapy and patient response to CLB. This
likely impacted the degree of baseline severity and refractoriness of
these subgroups, and thus the magnitude of the CBD treatment ef-
fect across subgroups. Effect modification meta-analyses are useful
to inform whether there is the presence of a treatment effect across
subgroups, whereas randomized trial designs of substantial size are
needed to assess whether there is differential efficacy of CBD, CLB,
and their combination, compared with placebo. Such a trial would
prove challenging given the high unmet medical need and the rarity
of LGS and DS. To quantify treatment effects in clinically relevant
subgroups for which no trial was prospectively designed and pow-
ered to address, the stratified meta-analytic approach, preserving
within-trial randomization and considering all data, is supported by
relevant guidance.'* Here, the stratified meta-analysis can best as-
sess the likely effectiveness of a treatment intervention vs. control.

In summary, this stratified meta-analysis assessed whether CBD
has an antiseizure effect without CLB. Despite the confounding
factors due to the prescribing bias of CLB potentially reducing the
likelihood of a response to CBD, our analysis provides statistical evi-

dence for both the primary efficacy measure of reduction in seizure
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frequency and the 50% responder analysis, of an independent effect
of CBD without CLB.
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