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IMPORTANCE Clinical evidence supports effectiveness of cannabidiol for treatment-resistant

seizures in Dravet syndrome, but this trial is the first to evaluate the 10-mg/kg/d dose.

OBJECTIVE To evaluate the efficacy and safety of a pharmaceutical formulation of cannabidiol,

10 and 20mg/kg/d, vs placebo for adjunctive treatment of convulsive seizures in patients

with Dravet syndrome.

DESIGN, SETTING, AND PARTICIPANTS This double-blind, placebo-controlled, randomized

clinical trial (GWPCARE2) recruited patients from April 13, 2015, to November 10, 2017, with

follow-up completed on April 9, 2018. Of 285 patients screened from 38 centers in the United

States, Spain, Poland, the Netherlands, Australia, and Israel, 86 were excluded, and 199were

randomized. Patients were aged 2 to 18 years with a confirmed diagnosis of Dravet syndrome

and at least 4 convulsive seizures during the 4-week baseline period while receiving at least 1

antiepileptic drug. Data were analyzed fromNovember 16 (date of unblinding) to December

13 (date of final outputs), 2018, based on intention to treat and per protocol.

INTERVENTIONS Patients received cannabidiol oral solution at a dose of 10 or 20mg/kg per

day (CBD10 and CBD20 groups, respectively) or matched placebo in 2 equally divided doses

for 14 weeks. All patients, caregivers, investigators, and individuals assessing data were

blinded to group assignment.

MAIN OUTCOMES ANDMEASURES The primary outcomewas change from baseline in

convulsive seizure frequency during the treatment period. Secondary outcomes included

change in all seizure frequency, proportion with at least a 50% reduction in convulsive

seizure activity, and change in Caregiver Global Impression of Change score.

RESULTS Of 198 eligible patients (mean [SD] age, 9.3 [4.4] years; 104 female [52.5%]), 66

were randomized to the CBD10 group, 67 to the CBD20 group, and 65 to the placebo group,

and 190 completed treatment. The percentage reduction from baseline in convulsive seizure

frequency was 48.7% for CBD10 group and 45.7% for the CBD20 group vs 26.9% for the

placebo group; the percentage reduction from placebo was 29.8% (95% CI, 8.4%-46.2%;

P = .01) for CBD10 group and 25.7% (95% CI, 2.9%-43.2%; P = .03) for the CBD20 group.

Themost common adverse events were decreased appetite, diarrhea, somnolence, pyrexia,

and fatigue. Five patients in the CBD20 group discontinued owing to adverse events.

Elevated liver transaminase levels occurredmore frequently in the CBD20 (n = 13) than the

CBD10 (n = 3) group, with all affected patients given concomitant valproate sodium.

CONCLUSIONS AND RELEVANCE Adjunctive cannabidiol at doses of 10 and 20mg/kg/d led to

similar clinically relevant reductions in convulsive seizure frequency with a better safety and

tolerability profile for the 10-mg/kg/d dose in children with treatment-resistant Dravet

syndrome. Dose increases of cannabidiol to greater than 10mg/kg/d should be tailored to

individual efficacy and safety.
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D
ravet syndrome is a rare treatment-resistant develop-

mental and epileptic encephalopathy1,2 caused by

pathogenic variants in SCN1A (OMIM 182389),3 the

gene encoding the sodium channel α subunit 1 in approxi-

mately 80%ofdiagnosedpatients.4,5Anestimated 1 in 15 500

childrenhave SCN1A-relatedDravet syndrome.6Onset gener-

ally occurs by 15 months of age in infants with normal

development5,7 and typically begins with febrile hemiclonic

orgeneralizedstatusepilepticusoften triggeredby fever.8Mul-

tiple seizure types evolve, including hemiclonic, tonic-

clonic, focal impaired awareness, absence, myoclonic, and

rarelyatonic seizures.1,9Development isnormal in the firstyear

of life but then slows, leading to intellectual disability of vari-

ableseverity.10PatientswithDravet syndromehaveahighmor-

tality riskdue to suddenunexpecteddeath inepilepsyandsta-

tus epilepticus.11,12 Worse seizure control is associated with

more comorbidities and lower quality of life.13 Despite treat-

ment with multiple antiepileptic drugs (AEDs), patients with

Dravet syndrome often remain treatment resistant.8,14,15

Highly purified cannabidiol (approved as Epidiolex in the

UnitedStatesandEpidyolex intheEuropeanUnion)wasthefirst

medicinetoreceiveapproval intheUnitedStates for treatingsei-

zures inDravetsyndrome.16Valproatesodiumandclobazamare

commonly used to manage seizures; however, neither is ap-

provedforDravetsyndrome.17Stiripentol isapproved inEurope

forpatientswithDravet syndrometakingclobazamandvalpro-

ate andhas recently been approved in theUnited States for pa-

tientswith Dravet syndrome taking clobazam.18

In previous randomized clinical trials, cannabidiol dem-

onstrated efficacywith an acceptable safety profile as add-on

antiepileptic treatment in patientswithDravet syndrome at a

doseof20mg/kg/d19and inpatientswithLennox-Gastaut syn-

drome at doses of 10 and 20mg/kg/d.20,21 Although doses as

high as 20 mg/kg/d are approved for Dravet and Lennox-

Gastaut syndromes, theUS prescribing information indicates

10 mg/kg/d as the recommended maintenance dose,16 al-

though data on this dose were unavailable for Dravet syn-

drome. This trial is, to our knowledge, the first to evaluate the

efficacy and safety of 2 doses of cannabidiol (10 and 20 mg/

kg/d) in children with Dravet syndrome.

Methods

Trial Design

This multicenter, double-blind, randomized, placebo-

controlled, parallel-group trial involved43 clinical centers, 38

ofwhich enrolledpatients (in theUnitedStates [n = 23], Spain

[n = 7],Poland[n = 3], theNetherlands [n = 2],Australia [n = 2],

and Israel [n = 1]). Patientswere recruited fromApril 13, 2015,

to November 10, 2017, and were followed for up to 20 weeks

after randomization.Follow-upwascompletedonApril9,2018.

The trial consistedof a 4-weekbaselineperiod, 14-week treat-

ment period (2-week dose escalation [titration], followed by

12weeks of stable dosing [maintenance]), a taper period of as

long as 10 days, and a 4-week safety follow-up period)

(Figure 1). The trial protocolwas approvedbyeach center’s in-

stitutional reviewboardor independent ethics committee and

was conducted in accordance with the principles of the Dec-

larationofHelsinki22and the InternationalConferenceonHar-

monizationTripartiteGuidelineonGoodClinical Practice.The

original trial protocol, deviations, amendments, and reason for

changes to theprotocol are provided in Supplement 1. All par-

entsor legal guardiansprovidedwritten informedconsent.As-

sentwasobtainedwherepossible fromadolescents.This study

followed the Consolidated Standards of Reporting Trials

(CONSORT) reporting guideline.

Patients

Patients aged 2 to 18 years (inclusive) with a confirmed diag-

nosis ofDravet syndromewere eligible if theyhad seizures in-

completely controlled by current AEDs, were taking at least 1

AED, andhad at least 4 convulsive seizures during the4-week

baseline period. Use ofmedications andnonpharmacological

interventions forepilepsy (including theketogenicdiet andva-

gus nerve stimulation) had to be stable for 4 weeks before

screening and throughout the trial. Patients were excluded if

theyhadaclinically significantunstable illness (other thanepi-

lepsy) in the 4 weeks before screening, alcohol or substance

abuse, use of recreational ormedicinal cannabis in the previ-

ous 3 months, and current use of felbamate for less than

1 year. Details of eligibility criteria are provided in eTable 1 in

Supplement 2.

Procedures

The independent Epilepsy Study Consortium confirmed the

Dravet syndrome diagnosis and verified seizure types of

screened patients. Patients began the 4-week screening/

baseline period at visit 1. After instructionon identificationof

countable seizure types at the screening visit, caregivers re-

corded the number and type of convulsive and nonconvul-

sive seizures eachdayusing an interactive voice response sys-

tem.Patientswhomet the eligibility criteriawere randomized

at visit 2 and received plant-derived, highly purified cannabi-

diol (Epidiolex in the United States and Epidyolex in the Eu-

ropean Union; 100-mg/mL oral solution) or matching pla-

cebo solution (excipients only) provided in identical 100-mL

amber glass bottles. Patientswere randomizedat a ratioof 2:2:

1:1 with a block size of 6 andwere stratified by age group (2-5,

Key Points

Question Is adjunctive cannabidiol at doses of 10 and 20mg/kg/d

superior to placebo in reducing convulsive seizure frequency in

patients with Dravet syndrome?

Findings This double-blind clinical trial randomized 199 children

with Dravet syndrome to cannabidiol (10 or 20mg/kg/d) or

matched placebo for 14 weeks. Convulsive seizure frequency

compared with baseline was reduced by 48.7% in the 10-mg/kg/d

cannabidiol group and 45.7% in the 20-mg/kg/d cannabidiol

group vs 26.9% in the placebo group.

Meaning Both doses of adjunctive cannabidiol were similarly

efficacious in reducing convulsive seizures associated with Dravet

syndrome.
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6-12, and 13-18 years). A randomization schedule was com-

puter generated by an independent statistician and held cen-

trally. An interactive web response system was used to allo-

cate patients to receive cannabidiol at a dose of 10 or 20 mg/

kg/d or placebo in volumes equivalent to the 2 cannabidiol

doses. The placebo groupswere pooled for reporting efficacy

and safety results. Patients, caregivers, investigators, indi-

viduals assessing the data, and the sponsor were unaware of

the allocation of the patient (cannabidiol or placebo groups)

and remained unaware until trial completion; however, they

were not blinded to the volume of each received.

Trialmedicationwas administered twicedaily in 2 equally

divided doses starting at 2.5mg/kg/d (or equivalent volume of

placebo), reachingthe10-mg/kg/ddoseonday7andthe20-mg/

kg/d dose on day 11. Investigators were instructed tomaintain

dosesof concomitantmedications;however,doseadjustments

were permitted for adverse events. Information on trial medi-

cation use, concomitantmedications, and adverse events was

recorded in a paper diary. Clinic visits took place at 2, 4, 8, and

14weeksafter randomization.Additional safety telephonecalls

tookplace at 6 and 10weeks, after tapering of the trialmedica-

tion(whereapplicable)and4weeksafterthefinaldose(eFigure1

inSupplement2).Patientswhocompletedthetreatmentperiod

wereeligible toenteranopen-labelextensiontrialunderasepa-

rateprotocol.Anadjudicationcommitteewasusedtodetermine

any potential signals of abuse.

OutcomeMeasures

Theprimaryoutcomewas thechange inconvulsiveseizure fre-

quency during the 14-week treatment period compared with

baseline. Convulsive seizures were defined as tonic-clonic,

tonic, clonic, or atonic; nonconvulsive seizures were defined

as myoclonic, partial, or absence. Although the study proto-

col andEpilepsy StudyConsortiumused the termabsence sei-

zures, different types of absence seizures in Dravet syndrome

may occur, including absence seizures with eyelid myoclo-

nias. Key secondary outcomeswere the (1) change in total (all

types) seizure frequencyduring the treatment period; (2) pro-

portion of patients with at least a 50% reduction from base-

line in convulsive seizure frequency during the treatment pe-

riod; and (3) change inCaregiverGlobal Impressionof Change

(CGIC) score from baseline for overall condition.

Other secondary outcomes included the (1) proportion of

patients experiencing worsening or improvement in convul-

sive seizure frequency; (2) proportion of patients with at

least a 25%, 75%, and 100% reduction in convulsive seizure

frequency; (3) change in nonconvulsive seizure frequency;

(4) change in seizure frequency by individual seizure type;

(5) change in CGIC from baseline in seizure duration (de-

creased; stayed the same; increased); (6) change in sleep dis-

ruption; (7) change in Epworth Sleepiness Scale23 score;

(8) change inQualityofLife inChildhoodEpilepsy24 score; and

(9) change inVinelandAdaptiveBehaviorScales II score.Safety

wasassessedbyevaluationof adverseevents andclinical labo-

ratory parameters.

Statistical Analysis

Datawere analyzed fromNovember 16 (date of unblinding) to

December 13 (date of final outputs), 2018. Based on a 2-sided

nonparametric Mann-Whitney-Wilcoxon test with a signifi-

Figure 1. Flow of Patients Through the GWPCARE2 Trial

86 Excluded

52 Did not meet eligibility criteria

3 Investigator decision

29 Other reason

5 Withdrew or withdrawn by parent/guardian

65 Completed treatment

65 Entered open-label extension trial

65 Randomized to receive placebo

32 Randomized to 10-mg/kg/d volume

33 Randomized to 20 mg/kg/d volume

30 Dose as randomized

33 Dose as randomized

2 Dose >10 mg/kg/d

64 Completed treatment

63 Entered open-label extension trial

3 Discontinued treatment

1 Withdrawn by
investigator

2 Other

67 Randomized to receive 10-mg/kg/d
cannabidiol dose

64 Dose as randomized

2 Dose >10 mg/kg/d

1 Not treated

6 Discontinued treatment

5 Adverse event

1 Withdrew or withdrawn
by parent/guardian

67 Randomized to receive 20-mg/kg/d
cannabidiol dose

67 Dose as randomized

61 Completed treatment

58 Entered open-label extension trial

199 Randomized

285 Assessed for eligibility

Patients in the placebo group were pooled for a combined total of 65 patients; 32 were assigned to receive a volume equivalent to the 10-mg/kg/d cannabidiol dose
and 33 were assigned to receive a volume equivalent to the 20-mg/kg/d cannabidiol dose. Among the 86 patients excluded, 3 hadmultiple reasons for exclusion.
One patient randomized to the 10-mg/kg/d dose was not treated and was subsequently withdrawn by the investigator.
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cance level of 5%, we calculated that a sample size of 62 pa-

tients per groupwould provide 80% power to detect a differ-

ence in response distributions (eMethods in Supplement 2).

The primary outcome was analyzed using negative binomial

regressionon the sumof convulsive seizure counts during the

treatment period. The estimated ratio of least squaresmeans

for treatment to baseline period and 95% CIs were calculated

for each treatment group and transformed intopercentage re-

ductions ([1 – ratio] × 100). The estimated ratio of each can-

nabidiol group to placebo and 95% CIs were presented along

with thePvalue testing thenull hypothesis that this ratiowas

1. The treatment effect estimates (active vs placebo) are cal-

culated on a logarithmic scale. Hence, the difference be-

tween active andplaceboon the log scale is equivalent to a ra-

tio of active to placebo on the original scale. Using the ratios

of treatment period to baseline period, the treatment effect is

then calculated as the ratio of active to placebo. Ratios have

been presented as percentage reductions to aid interpreta-

tion. For each ratio andupper and lower bound of the 95%CI,

thepercentage reductionwaspresented. Theprimary andkey

secondary outcomeswere tested in orderwith their type I er-

ror controlled by use of a hierarchical gate-keeping proce-

dure,wherein each successive outcomewas tested only if the

prior comparisonwas statistically significant (statistical analy-

sis plan in Supplement 1).25

Dataup to the timeofwithdrawalwere included in theout-

come analyses, and no imputation for missing data was per-

formed. Two-sided P < .05 was considered significant. Pre-

specified sensitivity analyseswereperformed for theprimary

andkeysecondaryoutcomesusingalternativestatisticalmeth-

ods on the intention-to-treat (ITT) as well as the per-protocol

analysis set (primary and first key secondary only) (eMethods

and eFigures 2-4 in Supplement 2). For other (nonkey) sec-

ondary outcomes, there was no adjustment to P values to ac-

count for multiple comparisons; all other secondary out-

comeswere consideredexploratory.Analyseswere conducted

using SAS software, version 9.3 (SAS Institute, Inc).

Results

Patients

A total of 198 eligible patients (mean [SD] age, 9.3 [4.4] years;

104 female [52.5%] and 94male [47.5%]) constituted the ITT

analysis set; of these, 65 receivedplacebo, 66 received the 10-

mg/kg/d dose of cannabidiol (CBD10 group), and 67 received

the 20-mg/kg/d dose of cannabidiol (CBD20 group). Among

the 285patients screened, 86were excluded, and the remain-

ing 199were randomized.Ninepatientswerewithdrawn (3 in

theCBD10groupand6 in theCBD20group);5of6 in theCBD20

group discontinued because of adverse events. A total of 190

patients completed the treatment period, and 186 (97.9%) en-

tered the open-label extension trial (Figure 1).

Baseline demographics were similar across all treatment

groups.A similar proportionofmale and femalepatientswere

in the ITT analysis set; 176 (88.9%) were white, and the high-

est proportion came from the United States (93 [47.0%]). Pa-

tients in each grouppreviously received amedian of 4 (range,

0-19) AEDs and were taking a median of 3 (range, 1-5) con-

comitantAEDs; themost commonlyusedwere valproate (139

[70.2%]) and clobazam (126 [63.6%]). Seventeen patients

(8.6%)used theketogenic diet and27 (13.6%)had receivedva-

gus nerve stimulators. The most common seizure type dur-

ing screening was generalized tonic-clonic (150 [75.8%]), fol-

lowed by myoclonic (100 [50.5%]), absence (any type; 83

[41.9%]), andcomplexpartial (80 [40.4%]) types. Patientshad

amedianof 12 (interquartile range [IQR], 6-33) convulsive sei-

zures during the 4-week baseline period, with patients in the

placebo group having a numerically higher baseline median

number of convulsive seizures (median, 17 [IQR, 7-51]) than

the CBD10 (median, 14 [IQR, 6-31] and CBD20 (9 [IQR, 6-21])

groups (Table 1).

Primary Outcome

The percentage reduction from baseline in convulsive sei-

zure frequencyduring the14-weektreatmentperiodwas48.7%

for the CBD10 group, 45.7% for the CBD20 group, and 26.9%

for the placebo group. The percentage reduction from pla-

cebo was 29.8% (95% CI, 8.4%-46.2%; P = .01) for the CBD10

groupand25.7% (95%CI, 2.9%-43.2%;P = .03) for theCBD20

group (Figure 2). The results of the sensitivity analyses were

consistent with the results of the primary analysis (eFigure 2

in Supplement 2). Similarly, the percentage reduction from

baseline in convulsive seizure frequency during the 12-week

maintenance period was 49.2% for the CBD10 group, 48.6%

for the CBD20 group, and 28.6% for the placebo group (eFig-

ure 2B in Supplement 2). The differences between treatment

groups favored cannabidiol over placebo during the first 4

weeksof themaintenanceperiod (CBD10group,0.63 [95%CI,

0.47-0.84]; CBD20 group, 0.70 [95% CI, 0.52-0.94]) and was

maintainedfor thedurationof treatment (eFigure2A inSupple-

ment 2).

Key Secondary Outcomes

The percentage reduction from baseline in total seizure fre-

quency during the treatment periodwas 56.4% for theCBD10

group, 47.3% for the CBD20 group, and 29.7% for the placebo

group. The percentage reduction fromplacebowas 38.0% for

the CBD10 group (95% CI, 20.1%-51.9%; P < .001) and 25.1%

for the CBD20group (95%CI, 3.5%-41.9%;P = .03) (Figure 2).

Sensitivityanalysesshowedsimilar results (eFigure3 inSupple-

ment 2).

Theproportionof patients achieving at least a 50%reduc-

tion frombaseline in convulsive seizure frequencyduring the

treatment period was 43.9% (n = 29) for the CBD10 group

(P = .03), 49.3% (n = 33) for the CBD20 group (P = .007), and

26.2% (n = 17) for the placebo group (Figure 3). The propor-

tion of patients achieving at least a 75% reduction from base-

line in convulsive seizure frequency (other secondary) was

30.3% (n = 20) for the CBD10 group, 17.9% (n = 12) for the

CBD20group,and6.2%(n = 4) for theplacebogroup (Figure3).

Comparedwithplacebo, caregivers of cannabidiol-treatedpa-

tients were significantly more likely to report an improve-

ment in overall condition. The patients reporting slightly im-

proved,much improved, or verymuch improvedasmeasured

by the CGIC scale at last visit included 27 of 65 patients in the
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placebo group, 45 of 66 in theCBD10 group (P < .001), and40

of 66 in the CBD20 group (P = .03) (eFigure 4 in Supple-

ment 2).

Other Secondary Outcomes

All other secondary outcomes are provided in eTable 2 in

Supplement 2. Among those who completed the trial, free-

dom from convulsive seizures was achieved by 6 patients (1

in theplacebogroup, 2 in theCBD10group, and3 in theCBD20

group)during the 12-weekmaintenanceperiod, ofwhom5pa-

tients (1 in the placebo group, 2 in the CBD10 group, 2 in the

CBD20group)achieved freedomfromconvulsive seizuresdur-

ing the 14-week treatment period. During the duration of the

trial, there was no notable difference between both cannabi-

diol doses orplacebo for assessments of sleepdisruption, day-

time sleepiness, quality of life, adaptive behaviors, or cogni-

tive function (eTable2 inSupplement2); however, thenumber

of patients who completed the adaptive behavior and cogni-

tive functionmeasureswas low and limited the interpretabil-

ity of results.

Adverse Events

All-cause treatment-emergent adverse events occurred in 176

of 198patients (88.9%): 58of 65 (89.2%) in theplacebogroup,

56 of 64 (87.5%) in the CBD10 group, and 62 of 69 (89.9%) in

the CBD20 group. Of 176 patients with adverse events, 162

(92.0%) had events judged by the investigator to be mild or

moderate in severity (mild in 98, moderate in 64, and severe

in 14). The5most commonadverse eventsoccurring in at least

10%of patients in any group included decreased appetite, di-

arrhea, somnolence, pyrexia, and fatigue (Table2). Serious ad-

verse events occurred in 40patients (10 in the placebo group,

13 in the CBD10 group, and 17 in the CBD20 group). Adverse

events resolved by the end of the trial in 61 of 118 patients

(51.7%) inbothcannabidiolgroupsand35of58patients (60.3%)

in the placebo group. No deaths occurred.

Table 1. Baseline Demographic and Clinical Characteristics Among Patients in the ITT Analysis Seta

Characteristic

Treatment Group

Placebo (n = 65) CBD10 (n = 66)a CBD20 (n = 67)b

Age, mean (SD) [range], y 9.6 (4.6) [2.2-18.1] 9.2 (4.3) [2.3-17.7] 9.3 (4.3) [2.2-18.9]

Age group, No. (%), y

2-5 18 (28) 19 (29) 20 (30)

6-12 28 (43) 31 (47) 31 (46)

13-18 19 (29) 16 (24) 16 (24)

Female, No. (%) 34 (52) 39 (59) 31 (46)

No. of AEDs, median (range)

Previous AEDs 4 (0-11) 4 (0-19) 4 (0-11)

Concomitant AEDs 3 (1-5) 3 (1-5) 3 (1-4)

Most common concomitant AEDs, No. (%)c

Valproate (all forms) 48 (74) 44 (67) 47 (70)

Clobazam 41 (63) 45 (68) 40 (60)

Stiripentol 24 (37) 25 (38) 22 (33)

Levetiracetam 14 (22) 19 (29) 21 (31)

Topiramate 17 (26) 11 (17) 18 (27)

Baseline seizure frequency per 28 d,
median (IQR)

Convulsive seizures 17 (7-51) 14 (6-31) 9 (6-21)

All seizures 46 (16-217) 35 (10-104) 26 (10-194)

Abbreviations: AED, antiepileptic
drug; CBD10, 10-mg/kg/d dose of
cannabidiol; CBD20, 20-mg/kg/d
dose of cannabidiol;
IQR, interquartile range;
ITT, intention-to-treat.
aOne patient randomized to the
CBD10 group was not treated and
was withdrawn by the principal
investigator.

bOne patient randomized to the
CBD20 group had an incomplete list
of current AEDs in the database; at
the time of the database lock the
patient was reported to take
stiripentol, clobazam, and
topiramate; however, it was later
determined that the patient was
also taking felbamate,
carbamazepine, and levetiracetam.

c Indicates more than 20% of
patients in any group.

Figure 2. Percentage Reductions in Convulsive and Total Seizure Frequency During the Treatment Period

100806040200

Reduction in Seizure Frequency, %

Treatment group

CBD10 (n = 66)

Convulsive seizuresA

CBD20 (n = 67)

Placebo (n = 65) 

100806040200

Reduction in Seizure Frequency, %

Treatment group

CBD10 (n = 66)

Total seizuresB

CBD20 (n = 67)

Placebo (n = 65) 

The estimated percentage reduction in seizure frequency and 95% CIs are shown for each treatment group. Cannabidiol doses of 10mg/kg/d (CBD10 group) and 20
mg/kg/d (CBD20 group) were associated with greater reductions in convulsive (primary end point) and total seizure frequency compared with placebo. Convulsive
seizures include tonic, clonic, tonic-clonic, and atonic types; total seizures include convulsive and nonconvulsive seizures (myoclonic, countable partial, and other
partial or absence types). The percentage reduction in convulsive seizures from placebo was 29.8% (95% CI, 8.4%-46.2%; P = .01) for the CBD10 group and 25.7%
(95% CI, 2.9%-43.2%; P = .03) for the CBD20 group; for total seizures, 38.0% for the CBD10 group (95% CI, 20.1%-51.9%; P < .001) and 25.1% for the CBD20 group
(95% CI, 3.5%-41.9%; P = .03).
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Increases in liver transaminase levels greater than 3 times

theupper limit of the reference range occurred in 16 of 133 pa-

tients (12.0%) from both cannabidiol groups (3 of 44 [6.8%]

in the CBD10 and 13 of 47 [27.7%] in the CBD20 groups), all of

whomwere taking concomitant valproate, and in no patients

in theplacebo group.All elevations resolved after discontinu-

ation from the trial (1 patient in the CBD10 group and 2 in the

CBD20 group), spontaneously (1 patient in the CBD10 group

Figure 3. Reduction in Convulsive Seizure Frequency During the Treatment Period
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Cannabidiol doses of 10mg/kg/d (CBD10 group) and 20mg/kg/d (CBD20 group) resulted in a higher proportion of patients achieving at least a 50% reduction in
convulsive seizure frequency compared with placebo, and the differences were statistically significant (odds ratio [OR] for CBD10 group, 2.21 [95% CI, 1.06-4.62;
P = .03]; OR for CBD20 group, 2.74 [95% CI, 1.32-5.70; P = .007]). A higher proportion of patients treated with cannabidiol compared with placebo achieved at least
a 75% reduction in convulsive seizure frequency (OR for CBD10 group, 6.63 [95% CI, 2.12-20.73]; OR for CBD20 group, 3.33 [95% CI, 1.10-10.92]; P values are not
shown because this was not a key secondary outcome and type I error was not controlled for).

Table 2. CommonAdverse Events Among Patients in the Safety-Analysis Seta

Adverse Event

Treatment Group, No. (%)

Placebo (n = 65) CBD10 (n = 64) CBD20 (n = 69)b

Decreased appetite 11 (17) 11 (17) 20 (29)

Mild 9 (14) 7 (11) 14 (20)

Moderate 2 (3) 4 (6) 5 (7)

Severe 0 0 1 (1)

Diarrhea 8 (12) 11 (17) 18 (26)

Mild 7 (11) 10 (16) 14 (20)

Moderate 1 (2) 1 (2) 3 (4)

Severe 0 0 1 (1)

Somnolence 9 (14) 16 (25) 16 (23)

Mild 9 (14) 11 (17) 9 (13)

Moderate 0 4 (6) 7 (10)

Severe 0 1 (2) 0

Pyrexia 11 (17) 15 (23) 15 (22)

Mild 9 (14) 12 (19) 11 (16)

Moderate 2 (3) 3 (5) 3 (4)

Severe 0 0 1 (1)

Fatigue 7 (11) 5 (8) 15 (22)

Mild 7 (11) 4 (6) 8 (12)

Moderate 0 1 (2) 7 (10)

Vomiting 4 (6) 4 (6) 11 (16)

Mild 3 (5) 4 (6) 8 (12)

Moderate 1 (2) 0 3 (4)

Mild nasopharyngitis 5 (8) 4 (6) 8 (12)

Status epilepticus 9 (14) 5 (8) 7 (10)

Mild 3 (5) 0 0

Moderate 4 (6) 2 (3) 5 (7)

Severe 2 (3) 3 (5) 2 (3)

ALT level increasedc 0 3 (5) 9 (13)

Mild 0 1 (2) 7 (10)

Moderate 0 2 (3) 2 (3)

AST level increasedc 0 3 (5) 8 (12)

Mild 0 1 (2) 5 (7)

Moderate 0 2 (3) 2 (3)

Severe 0 0 1 (1)

Abbreviations: ALT, alanine
aminotransferase; AST, aspartate
aminotransferase;
CBD10, 10mg/kg/d cannabidiol;
CBD20, 20mg/kg/d cannabidiol.
a The table shows the all-causality
treatment-emergent adverse events
(Medical Dictionary for Regulatory
Activities preferred term) that
occurred in more than 10% of
patients in any treatment group
from the safety analysis set. The
severity of adverse events was
determined by the investigators and
was not independently adjudicated.

bOf the 66 patients randomized to
the CBD10 group, 2 patients titrated
above the target dose and were
therefore assigned to the CBD20
group for all safety analyses.

c Of the 16 patients with liver
transaminase elevations greater
than 3 times the upper limit of the
reference range, 12 reported ALT
and/or AST increased as an adverse
event.
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and 3 in the CBD20 group), after dose reduction of concomi-

tant valproic acid and/or clobazam (3 patients in the CBD20

group), after dose reduction of cannabidiol (1 patient in the

CBD20 group), or after completion and once enrolled in the

open-label extension trial (1 patient in the CBD10 group 4 in

the CBD20 group). There were no patients who met the Hy’s

Law criteria for severe drug-induced liver injury.

Notably, a higher incidence of adverse events associated

with somnolence, rash, and pneumonia occurred with con-

comitant clobazamuse (eTable3 inSupplement2).Across can-

nabidiol and placebo groups, clobazam dosage was adjusted

in 20 of 126 patients (15.9%), and valproate dosage was ad-

justed in 19 of 139 patients (13.7%) (eTable 3 in Supple-

ment 2). Of thosewithdose adjustments during the trial, 1 pa-

tient in the CBD10 group initiated clobazam therapy owing to

prolonged seizures, and 1 patient in the CBD20 group initi-

atedvalproate therapyowing to a serious adverse event of sta-

tus epilepticus. For other AEDs, changes were infrequent.

Discussion

In this randomized clinical trial of 2 doses of highly purified

cannabidiol in childrenwithhighly treatment-resistantDravet

syndrome, both doses significantly reduced convulsive sei-

zure frequency compared with placebo. Results for all 3 key

secondaryoutcomes—percentage reduction in total seizure fre-

quency, proportionof patients achieving at least a 50%reduc-

tion inconvulsiveseizure frequency,and improvement inover-

all condition on the CGIC scale—also significantly favored the

cannabidiol groups vs placebo. These results are consistent

with those of 3 prior trials of this formulation, 1 inDravet syn-

dromeevaluatingonly the20-mg/kg/ddose19and2 inLennox-

Gastaut syndrome.20,21Given the availability ofmany formu-

lations of cannabidiol that vary in purity, excipients, and

consistency, results from this trial should not be extrapolated

to other cannabidiol-containing products.

Efficacywassimilarbetweenthe2cannabidioldoses;how-

ever, the safety and tolerability profile was better for the 10-

vs 20-mg/kg/d dose, suggestive of a more favorable benefit-

risk profile at the lower dose. Because the efficacy of doses

lower than 10 mg/kg/d was not tested in this trial, it is un-

known but possible that lower doses may provide optimal

benefit-risk for somepatients. Severalof themost commonad-

verse events, including decreased appetite, diarrhea, and fa-

tigue, occurredmore frequently in theCBD20group, asdid se-

riousadverseevents,adverseevents leadingtodiscontinuation,

and elevations of liver transaminase levels of greater than 3

times the upper limit of the reference range.

Consistent with the described pharmacokinetic drug-

drug interaction between cannabidiol and clobazam, leading

to an approximately 3-fold increase in exposure to cloba-

zam’s active metabolite N-desmethyl clobazam and an ap-

proximately 1.5-fold increase in cannabidiol’s activemetabo-

lite7-hydroxycannabidiol,26somnolencewasmarkedlygreater

in patients receiving clobazam comparedwith those who did

not and led to dose reductions of clobazam more frequently

in thecannabidiolgroups thantheplacebogroup.Multiplepost

hoc or uncontrolled analyses have suggested the cannabidiol

treatment effect exists without clobazam, although itmay be

enhanced by the presence of clobazam.27-30 The interaction

P value for clobazam use in this trial was not statistically sig-

nificant, suggesting that clobazam use did not significantly

affect the treatment outcome. A meta-analysis of the cloba-

zam subgroup data from this trial combined with 3 prior ran-

domizedclinical trials sponsoredbyGWPharmaceuticals isun-

der way.

As in prior studies, the 20-mg/kg/d cannabidiol dose and

valproatewere independent risk factors forelevated liver trans-

aminase levels. Notably, only 6.8% of patients receiving val-

proate in theCBD10grouphad transaminaseelevationsgreater

than 3 times the upper limit of the reference range compared

with27.7%ofpatients receivingvalproate in theCBD20group.

Although there is an interactionbetween cannabidiol andval-

proate influencing a risk of drug-induced liver injury, canna-

bidiol does not have a notable effect on the plasma levels of

valproate or its major hepatotoxic metabolite in healthy

individuals26 and patients with epilepsy,31 suggesting the in-

teraction is not likely pharmacokinetic in nature. The poten-

tial for drug-drug interactions between cannabidiol andother

medications highlights the need for carefulmonitoring of ad-

verse events by a clinician.

Theplacebo response rate for thechange inconvulsive sei-

zure frequencywashigherat26.9%than13%in the firstDravet

trial (GWPCARE1).19Thereasonfor thehigherplaceboresponse

isunclear butmightbepartly related to thenumericallyhigher

median baseline convulsive and total seizure frequency in the

placebogroupvsbothcannabidiol groupsandhighpatient and

caregiverexpectationsofefficacyforcannabidiol. Itmayalsore-

flect the increasedplacebo response in epilepsy trials reported

in the last 2 decades.32Despite the large placebo response, the

treatmenteffectwasstatistically significant, replicatingandex-

panding on the previous positive results.

Limitations

The trialhas several limitations.First, given that this studywas

limited to children and adolescents, with 88.9% of patients

white, results are limited in their generalizability to adults and

other ethnic populations. Second, because cannabidiol was

added to regimens that included multiple AEDs at varying

doses, it was not possible to assess the effects of specific drug

combinations. Third, although 2 doseswere tested providing

useful dose-ranging information, the safety and efficacy of

doses lower than 10 mg/kg/d in this population remain un-

known.Finally, because this study lastedonly 14weeks, itwill

be important to continue to evaluate the long-termsafety and

efficacy of cannabidiol.

Conclusions

Findings fromthis trial arean important addition to theemerg-

ing clinical trial data on cannabidiol in the acute and long-

term treatment of pediatric developmental and epileptic en-

cephalopathies.Ourkey finding is the significant andclinically

meaningful reductionofseizureswithanacceptablesafetypro-
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file for both cannabidiol doses in patients with highly treat-

ment-resistantDravet syndrome.Therewasnoappreciabledif-

ference in the efficacy between the 2 active treatment doses,

but because individual responses vary, dose escalation to 20

mg/kg/d in patients requiring better seizure control may still

be warranted if safety and tolerability allow.
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