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IMPORTANCE Fenfluramine treatment may reduce monthly convulsive seizure frequency in
patients with Dravet syndrome who have poor seizure control with their current
stiripentol-containing antiepileptic drug regimens.

OBJECTIVE To determine whether fenfluramine reduced monthly convulsive seizure
frequency relative to placebo in patients with Dravet syndrome who were taking
stiripentol-inclusive regimens.

DESIGN, SETTING, AND PARTICIPANTS This double-blind, placebo-controlled, parallel-group
randomized clinical trial was conducted in multiple centers. Eligible patients were children
aged 2 to 18 years with a confirmed clinical diagnosis of Dravet syndrome who were receiving
stable, stiripentol-inclusive antiepileptic drug regimens.

INTERVENTIONS Patients with 6 or more convulsive seizures during the 6-week baseline
period were randomly assigned to receive fenfluramine, 0.4 mg/kg/d (maximum, 17 mg/d),
or a placebo. After titration (3 weeks), patients’ assigned dosages were maintained for
12 additional weeks. Caregivers recorded seizures via a daily electronic diary.

MAIN OUTCOMES AND MEASURES The primary efficacy end point was the change in mean
monthly convulsive seizure frequency between fenfluramine and placebo during the
combined titration and maintenance periods relative to baseline.

RESULTS A total of 115 eligible patients were identified; of these, 87 patients (mean [SD], age
9.1 [4.8] years; 50 male patients [57%]; mean baseline frequency of seizures, approximately
25 convulsive seizures per month) were enrolled and randomized to fenfluramine,
0.4 mg/kg/d (n = 43) or placebo (n = 44). Patients treated with fenfluramine achieved a
54.0% (95% CI, 35.6%-67.2%; P < .001) greater reduction in mean monthly convulsive
seizure frequency than those receiving the placebo. With fenfluramine, 54% of patients
demonstrated a clinically meaningful (�50%) reduction in monthly convulsive seizure
frequency vs 5% with placebo (P < .001). The median (range) longest seizure-free interval
was 22 (3.0-105.0) days with fenfluramine and 13 (1.0-40.0) days with placebo (P = .004).
The most common adverse events were decreased appetite (19 patients taking fenfluramine
[44%] vs 5 taking placebo [11%]), fatigue (11 [26%] vs 2 [5%]), diarrhea (10 [23%] vs 3 [7%]),
and pyrexia (11 [26%] vs 4 [9%]). Cardiac monitoring demonstrated no clinical or
echocardiographic evidence of valvular heart disease or pulmonary arterial hypertension.

CONCLUSIONS AND RELEVANCE Fenfluramine demonstrated significant improvements in
monthly convulsive seizure frequency in patients with Dravet syndrome whose conditions
were insufficiently controlled with stiripentol-inclusive antiepileptic drug regimens.
Fenfluramine was generally well tolerated. Fenfluramine may represent a new treatment
option for Dravet syndrome.
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D ravet syndrome (DS) is a severe developmental epi-
leptic encephalopathy with an incidence of 1:15 700 to
1:40 900.1 Dravet syndrome typically presents in the

first year of life with frequent, pharmacoresistant convulsive
seizures,1,2 which may contribute to intellectual disability and
impairments in motor control, behavior, and cognition.3 Most
patients (70%-85%) have sodium voltage-gated channel al-
pha subunit 1 gene (SCN1A) sodium channel alterations, al-
though diagnosis is solely based on electroclinical criteria.1,2,4

Patients with DS who are younger than 18 years have in-
creased risk of sudden unexpected death in epilepsy, with a
mortality rate of 7% to 18%. Frequency of generalized tonic-
clonic seizures is a major risk factor for this outcome.5-7

Even with polypharmacy, seizures remain poorly con-
trolled in most patients with DS. In a survey of 274 patients,
45% receiving multitreatment modalities continued to expe-
rience more than 4 tonic-clonic seizures per month.8 Until the
recent approval of cannabidiol and stiripentol by the US Food
and Drug Administration, stiripentol in combination with val-
proate and clobazam remained the only approved treatment
for DS outside of the United States. Despite treatment with
stiripentol-inclusive antiepileptic drug (AED) regimens, 38%
of patients were reported to present with weekly seizures
(>3 per month).8,9 Given the risks of sudden unexpected death
in epilepsy, cognitive deficits, and other neurological conse-
quences putatively caused at least in part by poorly con-
trolled seizures, there remains an urgent unmet need for treat-
ing DS.9-11

Results from a recent phase 3, placebo-controlled random-
ized clinical study (Study 1 [NCT02682927; NCT02826863])12

demonstrated that fenfluramine provided a significantly
greater reduction in monthly convulsive seizure frequency
(MCSF) vs placebo. Patients receiving stiripentol were ex-
cluded from Study 1 because pharmacokinetic data were not
yet available to evaluate dosage modifications needed to com-
pensate for an expected fenfluramine-stiripentol drug inter-
action. Given the widespread use of stiripentol for DS, it is im-
portant to assess the benefit and tolerability of add-on
fenfluramine in stiripentol-containing AED regimens. A phase
1 pharmacokinetic study and earlier physiologically based phar-
macokinetic modeling were used to select a fenfluramine dose
of 0.4 mg/kg/d (maximum, 17 mg/d) added to stiripentol-
valproate-clobazam triple therapy.13 Here, we evaluate effi-
cacy and safety of add-on fenfluramine in patients with DS re-
ceiving stiripentol-inclusive AED regimens.

Methods
Trial Design, Ethics, and Oversight
In this double-blind, parallel-group, placebo-controlled, phase
3 randomized clinical study, patients with DS with seizures that
were poorly controlled with current AED regimens, which had
to include stiripentol plus clobazam or valproic acid, were en-
rolled at approximately 28 sites in Canada, France, Germany,
the Netherlands, Spain, the United Kingdom, and the United
States (NCT02926898; eFigure 1 in Supplement 1; trial protocol
in Supplement 2).

The study complied with current International Council for
Harmonisation Good Clinical Practice guidelines, as de-
scribed in International Council for Harmonisation Topic E6
Guidelines.14 The protocol was approved by applicable regu-
latory authorities and an independent ethics committee or in-
stitutional review board at each participating institution. All
patients or their legal representatives provided written in-
formed consent before enrollment.

Patients and Eligibility Criteria
Patients were male or female; aged 2 to 18 years (inclusive);
receiving a stable, stiripentol-inclusive AED regimen; and free
of cardiovascular disease on an echocardiogram, electrocar-
diogram, or physical examination. The diagnosis of DS was vali-
dated by a central committee, the Epilepsy Study Consor-
tium (eTable 1 in Supplement 1). Key exclusion criteria were
pulmonary arterial hypertension (PAH) or a current condi-
tion or history of cardiovascular or cerebrovascular disease
(eg, cardiac valvulopathy, myocardial infarction, stroke) and
concomitant treatment with modulators of serotonergic ac-
tivity, AEDs with sodium channel antagonist activity, or can-
nabinoid products.

Trial Procedures
This study evaluated the safety and efficacy of twice-daily fen-
fluramine (administered as a fenfluramine hydrochloride oral
solution containing 2.2 mg/mL of fenfluramine) added to a
stiripentol-inclusive AED regimen (plus valproate or cloba-
zam, at a minimum) in children and young adults with DS
(eFigure 1 in Supplement 1). In a drug-interaction study (Co-
hort 1 [NCT02926898]), fenfluramine was administered with
clobazam and valproate and with and without stiripentol. Data
from this study and a phase 1 study in healthy adults15 were
used in an early version of a physiologically based pharmaco-
kinetic model to help select fenfluramine dose for this study
(Study 1504, Cohort 2 [NCT02926898]; 0.4 mg/kg/d; maxi-
mum dosage, 17 mg/d).

Key Points
Question Is fenfluramine safe and effective for treating patients
with Dravet syndrome who have frequent seizures despite taking
a stiripentol-inclusive antiepileptic drug regimen?

Findings Oral fenfluramine (0.4 mg/kg/d; maximum 17 mg/d)
provided a 54.0% greater reduction in mean monthly convulsive
seizure frequency than placebo in patients with Dravet syndrome
who were taking stiripentol-containing antiepileptic drug
regimens; a significantly greater proportion of patients who were
taking fenfluramine (vs placebo) experienced a clinically
meaningful (�50%) or profound (�75%) reduction in monthly
convulsive seizure frequency. The most common adverse events
included decreased appetite, pyrexia, fatigue, and diarrhea; no
patient developed valvular heart disease or pulmonary
hypertension.

Meaning Adjunctive fenfluramine may be a safe, effective new
treatment option for patients with Dravet syndrome with seizures
that are not controlled by a regimen including stiripentol.
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After a 6-week period to establish baseline seizure fre-
quency, patients were randomized (1:1, via interactive web re-
sponse system) to fenfluramine or matching placebo groups
in a double-blind manner, using sequentially numbered bottles
for treatments. Randomization was stratified across ages
(<6 years vs ≥6 years) to ensure balance across treatments. The
fenfluramine starting dosage was 0.2 mg/kg/d in 2 equal doses,
with a gradual blinded titration to 0.4 mg/kg/d (maximum,
17 mg/d) over 3 weeks (eTable 2 in Supplement 1). Patients
maintained their use of fenfluramine or placebo for an addi-
tional 12 weeks at a stable dosage, then either continued treat-
ment in an open-label extension study or discontinued treat-
ment with a blinded, downward dose–tapering protocol
(eTable 2 in Supplement 1). Caregivers recorded doses, any res-
cue medication, and the number and type of seizures in hand-
held electronic diaries.

Safety
Treatment-emergent adverse events among the placebo
and fenfluramine subgroups were recorded throughout
study duration. Standardized color Doppler echocardiogra-
phy assessed cardiac valve function and structure and
any evidence of PAH at study baseline (prior to participants’
receiving any study drugs; days −42 to −21), during the
maintenance period (days 40 to 54), at the end of study
(between days 90 and 113), and during cardiac follow-up
visits (3 and 6 months posttreatment; care was extended up
to 24 months in some countries). Primary assessment was
done to detect the presence of valvular regurgitation on
the aortic and mitral valve, although all valves were
assessed. Assessments were graded as absent, trace, mild,
moderate, or severe. Blinded core laboratory readers from
eResearchTechnology Inc (ERT) Clinical evaluated all
echocardiograms for presence and grade of cardiac valve
regurgitation and PAH. Electrocardiograms were also
evaluated by core laboratory readers (ERT Clinical) for any
abnormality.

Efficacy End Points
The primary efficacy end point was a comparison of the dif-
ference between fenfluramine and placebo on the change in
mean MCSF from baseline to the combined titration and
maintenance (T + M) periods. The key secondary efficacy
end points were the proportion achieving 50% or greater
reduction from baseline levels in MCSF and the duration
of the longest seizure-free interval. Other secondary end
points included the proportion of patients with 0 seizures
or 1 seizure during the T + M periods, the proportion with
25% or more, 75% or more, and 100% reduction in seizures
from baseline, change from baseline in clinical global
impression ratings by both parents or caregivers and investi-
gators, days of rescue medication use per 28 days, and
total seizure frequency (including nonconvulsive seizure
types) per 28 days. Patient quality of life and executive func-
tion were assessed by the Quality of Life in Childhood
Epilepsy Scale,16 Pediatric Quality of Life Inventory,17

and Behavior Rating Inventory of Executive Function
instruments.

Statistical Analyses
Sample size was based on results from previous placebo-
controlled randomized clinical studies in patients with
DS.8,9,18-22 An SD of 55% was assumed for the primary analy-
sis. Using a 2-sided test with α = .05 as a threshold, a sample
size of at least 80 total patients (40 patients per treatment
group) affords 90% power to detect a 40–percentage point dif-
ference in mean change from baseline. The Statistical Analy-
sis Plan is in Supplement 3.

Analysis Population
Safety analyses were performed on all randomized patients
who received 1 or more doses of fenfluramine or placebo. The
primary end point analysis and the key secondary analyses per-
formed on the modified intent-to-treat population included
all randomized patients who received 1 or more doses of fen-
fluramine or placebo with 1 week or more of seizure diary data.

Statistical Methods
Continuous variables were summarized using descriptive sta-
tistics (means with SDs, medians with interquartile or full
ranges, and 95% CIs). Categorical variables were summarized
with frequencies and percentages. The distribution of base-
line characteristics across treatment groups was assessed using
Wilcoxon rank sum for continuous variables (age, body mass
index [calculated as weight in kilograms divided by height in
meters squared], and baseline MCSF), Fisher exact test for di-
chotomous variables (age group and sex), and Freeman-
Halton test for categorical variables (race/ethnicity and num-
ber of concomitant AEDs). The primary efficacy end point was
analyzed using an analysis of covariance model with treat-
ment group and age group (<6 years and ≥6 years) as factors
and baseline frequency as a covariate. The primary analysis
compared the fenfluramine group with the placebo group with
a 2-sided test (with an α = .05 significance threshold). Effi-
cacy analyses used a serial gatekeeper approach with a hier-
archy of significance tests to maintain a type I error rate with
α = .05 across analyses. The testing order was (1) change in
MCSF from baseline, (2) the proportion of patients achieving
50% MCSF reduction or greater from baseline, and (3) the lon-
gest convulsive seizure–free interval.

The proportion of patients achieving 50% reduction in MCSF
or greater during the T + M period was analyzed using a logistic
regression model that incorporates the same factors and covar-
iate as the analysis of covariance in the primary analysis. For the
longest interval between convulsive seizures during the T + M
period, treatment groups were compared using a Wilcoxon rank
sum test. For assessing clinical global impression improvement,
patients rated as showing any improvement (scores ≤3) or clini-
cally meaningful improvement (≤2) vs no improvement (scores
≥4or≥3,respectively)werecomparedusingtheCochran-Mantel-
Haenszel test (fenfluramine vs placebo).

Frequency of treatment-emergent adverse events and se-
rious adverse events were presented by treatment group using
the Preferred Term from the Medical Dictionary for Regula-
tory Activities (MedDRA). Results of electrocardiogram and
Doppler echocardiogram analyses were summarized by treat-
ment group using descriptive statistics.

Research Original Investigation Fenfluramine for Treatment-Resistant Seizures in Patients With Dravet Syndrome Receiving Stiripentol

302 JAMA Neurology March 2020 Volume 77, Number 3 (Reprinted) jamaneurology.com

Downloaded From: https://jamanetwork.com/ by a Universidad de Navarra User  on 03/23/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2019.4113?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.4113
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2019.4113?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.4113
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2019.4113?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.4113
http://www.jamaneurology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2019.4113


Results

Patient Disposition
A total of 115 patients were screened for eligibility, with 87 pa-
tients randomized to treatment (44 to placebo and 43 to fen-
fluramine); 77 completed the study (41 who received placebo
and 36 who received fenfluramine; Figure 1). Most patients who
failed screening did not meet the randomization criteria (26 of
28 patients [93%]), including meeting baseline seizure fre-
quency, echocardiogram requirements, and compliance with
daily seizure diary; additionally, 1 patient elected to withdraw
during screening, and 1 withdrew because of use of a prohib-
ited medication. Of those randomized, 3 in the placebo group
and 7 in the fenfluramine group withdrew early (Figure 1).

Patient Baseline Characteristics
Most patients were male (placebo group, 27 of 44 [61%]; fen-
fluramine group, 23 of 43 [54%]; Table 1) and between 6 and
19 years old (placebo group, 32 of 44 [73%]; fenfluramine group,
31 of 43 [72%]). Baseline MCSF was comparable in both groups
(mean [SD]: placebo group, 21.6 [27.7] seizures; fenfluramine
group, 27.9 [36.9] seizures). Most patients were receiving either
3 concomitant AEDs (placebo group, 26 of 44 [59%]; fenflur-
amine group, 19 of 43 [44%]) or 4 concomitant AEDs (placebo
group, 16 of 44 [36%]; fenfluramine group, 16 of 43 [37%]). Be-
sides the protocol-specified stiripentol, the most frequent AEDs
were clobazam, levetiracetam, topiramate, and valproate (all
forms) (Table 1).

Efficacy
The study achieved its primary efficacy objective: patients ran-
domized to fenfluramine achieved an estimated 54.0%
(95% CI, 35.6%-67.2%) greater reduction in mean MCSF be-
tween the baseline and T + M periods than those who re-
ceived placebo (P < .001; Table 2). Significantly more pa-
tients in the fenfluramine group than the placebo group
experienced a clinically meaningful (≥50%) reduction in mean
MCSF (fenfluramine group, 23 of 43 [54%] vs placebo group,
2 of 44 [5%]; P < .001) and significantly longer seizure-free in-
tervals (median [range], 22.0 [3.0-105.0] days vs 13.0 [1.0-
40.0] days; P = .004).

The median percentage reduction from baseline in MCSF
in the fenfluramine group was 63.1% (range, −100.0% to
115.0%), compared with 1.1% (range, −82.8% to 435.1%) in the
placebo group during the T + M periods (P < .001; Table 2). The
median number of convulsive seizure–free days was signifi-
cantly higher in patients treated with fenfluramine than pla-
cebo (median [range]: fenfluramine group, 24.4 [1.9-28.0] days
vs placebo group, 20.3 [0.0-26.4] days; P = .001).

A significantly greater proportion of patients achieved a
25% or greater, 50% or greater, or 75% or greater reduction in
MCSF in the fenfluramine group than placebo (fenfluramine
group: 30 of 43 [70%], 23 of 43 [54%], and 15 of 43 [35%] vs
placebo group, 12 of 44 [27%], 2 of 44 [5%], and 1 of 44 [2%],
respectively; Figure 2). There was no difference in the num-
ber of patients experiencing complete seizure freedom (1 of 43
[2%] in the fenfluramine group vs 0 in the placebo group); how-

ever, 5 of 43 patients treated with fenfluramine (12%) experi-
enced no more than a single convulsive seizure during the
T + M periods (compared with 0 patients treated with pla-
cebo; P = .03). The significant reduction in MCSF vs placebo
was apparent at the first assessment (maintenance week 2;
T + M week 5) and was consistently maintained throughout the
15-week combined T + M periods (eFigure 2 in Supple-
ment 1). Patients treated with fenfluramine achieved a me-
dian 41.1% (range, −100.0% to 133.2%) decrease from base-
line in total seizure frequency vs 5.9% (range, −73.8% to
375.6%) for those receiving placebo (P = .003) (Table 2).

Days of rescue medication use were low in both treat-
ment groups at baseline. Patients in the fenfluramine treat-
ment group experienced a numerically greater (although sta-
tistically insignificant) reduction in days of rescue medication
use (Table 2).

At the end of the T + M period, 19 of 43 investigators (44%)
and 14 of 43 caregivers (33%) rated patients in the fenfluramine
treatment group as much improved or very much improved vs
7 of 44 (16%) and 9 of 44 (21%), respectively, in the placebo group
(P = .008 and P = .14) (eFigure 3 in Supplement 1). Significantly
more patients receiving fenfluramine than placebo were rated
as having any improvement (including being minimally im-
proved) by both investigators (fenfluramine group, 31 of 43
[72.1%] vs placebo group, 14 of 44 [31.8%]; P < .001) and care-
givers (fenfluramine group, 26 of 43 [60.5%] vs placebo group,
16 of 44 [36.4%]; P = .009). There were no significant differences
noted between groups on the Quality of Life in Childhood Epi-
lepsy Scale, Pediatric Quality of Life Inventory, and Behavior Rat-
ing Inventory of Executive Function.

Figure 1. Patient Disposition

115 Screened for eligibility

77 Completed the study

41 In placebo arm 36 In fenfluramine arm

44 To placebo arm 43 To fenfluramine arm
 (0.4 mg/kg/d)

28 Excluded at screening

87 Randomized to treatment

7 Withdrew
2 Adverse event

1 Worsening of seizures

1 Protocol deviation
1 Lack of efficacy

1 Patient decision   
1 Physician decision

3 Withdrew
1 Adverse event
1 Early transition to OLE
1 Uncontrolled seizures

OLE indicates open-label extension.
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Safety
The most common treatment-emergent adverse events in the
fenfluramine group included decreased appetite, pyrexia, fa-
tigue, and diarrhea (Table 3). Treatment-emergent adverse
events–associated discontinuations occurred in 3 patients. Two
patients (4.5%) receiving placebo and 9 patients (20.9%) re-
ceiving fenfluramine experienced weight decreases of 7% or
more from baseline. Of these patients, 5 were also receiving
topiramate (another AED with anorectic properties).

No cases of valvular heart disease (VHD) or PAH were ob-
served in any patient at any time during the study. Echocar-
diographic monitoring demonstrated that all patients were
within the normal physiologic range at all points for mitral and
aortic valve function, as well as pulmonic and tricuspid valve
function. No abnormalities in valve structure were reported.
Observed valve regurgitation in the T + M periods was lim-
ited to trace mitral regurgitation and 1 echocardiogram find-
ing of mild mitral regurgitation in a patient who also had a
screening echocardiogram finding of mild mitral regurgita-
tion at baseline. Trace mitral regurgitation is not a pathologic
finding; rather, it is a normal physiologic finding on echocar-
diogram commonly seen in normal, healthy children.23 Ob-
servations of trace mitral regurgitation were largely sporadic.
Of the 12 patients who had trace mitral regurgitation at any
point (including 9 receiving fenfluramine and 3 receiving pla-

cebo), 6 patients had trace mitral regurgitation findings at week
8 that were not present at week 14; 5 patients had trace mitral
regurgitation findings at week 14 only; and 1 patient had trace
mitral regurgitation at both weeks 8 and 14.

Discussion
This study achieved its primary objective, demonstrating
that adding fenfluramine to stiripentol-containing AED regi-
mens provided significant reduction in MCSF in patients
with DS. A significant reduction in MCSF was achieved at the
earliest point measured (week 2 of the maintenance period)
and was maintained throughout the 15-week T + M period.
In addition, a significantly greater proportion of patients
achieved a 50% or greater or 75% or greater reduction in
MCSF in the fenfluramine vs placebo groups. Also, a signifi-
cantly greater proportion of patients treated with fenflur-
amine experienced no more than 1 convulsive seizure during
the entire T + M period vs placebo. Investigators reported
that significantly more patients in the fenfluramine group
had clinically meaningful improvements in clinical global
impression scores (ie, they were rated much improved
or very much improved). Both caregivers and parents and
investigators reported statistically significant differences

Table 1. Patient Baseline Characteristics

Characteristic

Patients, No. (%)
P
Valuea

Receiving
Fenfluramine Receiving Placebo Total

No. 43 44 87 NA

Age, mean (SD) [range], y 8.8 (4.6) [2-18] 9.4 (5.1) [2-19] 9.1 (4.8) [2-19] .57

Patients <6 y 12 (28) 12 (27) 24 (28) >.99

Male 23 (53) 27 (61) 50 (57) .52

Race

White 23 (53) 29 (66) 52 (60)

.66

Black/African American 1 (2) 2 (5) 3 (3)

Asian 2 (5) 1 (2) 3 (3)

Other 3 (7) 1 (2) 4 (5)

Not reported or missingb 13 (30) 11 (25) 24 (28)

Unknown 1 (2) 0 (0) 1 (1)

BMI, mean (SD) 17.3 (2.7) 19.1 (4.9) 18.2 (4.0) .11

Convulsive seizure frequency per 28 d

Median (range) 14.0 (3-213) 10.7 (3-163) NA
.62

Mean (SD) 27.9 (36.9) 21.6 (27.6) NA

No. of concomitant AEDs at baseline

2 1 (2) 1 (2) 2 (2)

.10
3 19 (44) 26 (59) 45 (52)

4 16 (37) 16 (36) 32 (37)

5 7 (16) 1 (2) 8 (9)

Other antiepileptic treatments in ≥10%
of subgroupc,d

Stiripentol 43 (100) 44 (100) 87 (100)

NC

Clobazam 40 (93) 42 (96) 82 (94)

Valproate 38 (88) 39 (89) 77 (89)

Topiramate 14 (33) 7 (16) 21 (24)

Levetiracetam 6 (14) 5 (11) 11 (13)

Abbreviations: AED, antiepileptic
drug; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
NA, not applicable; NC, not
calculated.
a P values (fenfluramine vs placebo)

were calculated by Wilcoxon rank
sum test (age, BMI, and baseline
convulsive seizure frequency per 28
days), Fisher exact test (age group
and sex), and Freeman-Halton test
(race and number of concomitant
AEDs) with statistical significance
set at P less than .05.

b Not reported or missing: privacy
laws in some regions and countries
preclude disclosure of certain
personal information.

c Concomitant medications in less
than 10% of patients included
acetazolamide, clonazepam,
diazepam, ethosuximide,
felbamate, gamma-aminobutyric
acid, lorazepam, phenobarbital,
pregabalin, and zonisamide.

d The number of patients following a
ketogenic diet was 4 (5%) in the
overall population. The number of
patients with vagal nerve stimulator
implantation was 5 (6%) overall.
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between treatment groups in any improvement (ie, those
rated minimally improved or better).

Stiripentol, used since the early 2000s, has been ap-
proved in Europe, Japan, and Canada, and as per labeled in-
structions, it must be coprescribed with clobazam and valpro-
ate. Stiripentol was approved by the US FDA in 2018, and per
US label, it must be coprescribed with clobazam. Prior con-
trolled trials have reported stiripentol efficacy in reducing sei-
zure frequency when used in combination with clobazam and
valproate-containing regimens; however, most patients con-
tinue to experience seizures.8,9,18-20 In 1 study,9 despite treat-
ment with stiripentol and 3 to 4 other AEDs, 79% of patients
with DS continued to experience weekly or monthly seizures
at follow-up a median of 8 years in length.

Similarly, patients entering the current study were expe-
riencing high numbers of seizures at baseline, as high as 1
seizure per day (or more in some patients). Thus, patients
enrolled in this study experienced significant and clinically
meaningful improvements with fenfluramine added to
their current stiripentol-containing AED regimen (54.0%
[95% CI, 35.6%-67.2%] greater reduction in mean MCSF
vs patients treated with placebo). The magnitude of treat-
ment outcome is further highlighted by the fact that signifi-
cantly more patients with added fenfluramine vs placebo
experienced reductions in MCSF that were clinically mean-
ingful (≥50%; 54% vs 5%) and profound (≥75%; 35% vs
2%), which are magnitudes of response not commonly seen
in DS.

Table 2. Efficacy End Points in the Combined Titration and Maintenance Period

End Point
Patients Receiving
Fenfluramine (n = 43)

Patients Receiving
Placebo (n = 44) P Value

Primary and Key Secondary End Points

Estimated difference from placebo in convulsive
seizure frequency per 28 d, % (95% CI)a

54.0 (35.6-67.2) 1 [Reference] <.001

Reduction in MCSF from baselineb

≥50%, No. (%) 23 (54) 2 (5)
<.001

Odds ratio (95% CI) 26.0 (5.5-123.2) 1 [Reference]

Longest convulsive seizure-free interval, db

Mean (SD) 29.7 (27.3) 13.4 (7.5)
.004

Median (range) 22.0 (3.0-105.0) 13.0 (1.0-40.0)

Other Secondary End Points

Reduction in mean MCSF from baselinec

≥25%

No. (%) 30 (70) 12 (27) <.001

Odds ratio (95% CI) 6.4 (2.5-16.5) 1 [Reference]

≥75%

No. (%) 15 (35) 1 (2) .003

Odds ratio (95% CI) 23.7 (2.9-191.8) 1 [Reference]

Seizure freedom or near seizure freedom, No. (%)
[95% CI]

0 Convulsive seizures 1 (2) [0.1-12.3] 0 (0) [0.0-8.0] .49

≤1 Convulsive seizure 5 (12) [3.9-25.1] 0 (0) [0.0-8.0] .03

Percentage change from baseline in convulsive
seizure frequency per 28 d, median (range)

−63.1 (−100.0 to 115.0) −1.1 (−82.8 to 435.1) <.001

Nonconvulsive seizure frequency per 28 dd

No. of patients (%) 17 (40) 22 (50) NA

Percentage change from baseline per 28 d,
median (range)

−0.5 (−100.0 to 611.2) −49.7 (−100.0 to 529.4) .18

Percentage change from baseline in total seizure
frequency per 28 d, median (range)

−41.1 (−100.0 to 133.2) −5.9 (−73.8 to 375.6) .003

No. of days of rescue medication use per 28 d

Baseline, mean (SD) 2.1 (2.6) 1.4 (2.5) NA

Combined titration and maintenance periods,
mean (SD)

1.4 (2.2) 1.2 (2.6) .25

Nonseizure Outcomes, No. (%)

Clinical global impression of improvemente

Very much improved or much improved

Parent/caregiver rating 14 (33) 9 (21) .14

Investigator rating 19 (44) 7 (16) .008

Any improvementf

Parent/caregiver rating 26 (61) 16 (36) .009

Investigator rating 31 (72) 14 (32) <.001

Abbreviations: MCSF, monthly
convulsive seizure frequency;
NA, not applicable.
a Primary outcome.
b Key secondary outcome.
c Odds ratios are calculated for

comparisons with outcomes in the
placebo group. An age-adjusted
logistic regression model was used
to estimate all odds ratios, except
for those comparing fenfluramine
with placebo at the 25% and 75%
seizure-reduction response levels,
for which the age adjustment was
eliminated because of potential
model instability. Note that an odds
ratio larger than 1.00 can be much
larger than the corresponding
relative risk.

d Not all patients had nonconvulsive
seizures.

e P values from the
Cochran-Mantel-Haenszel test
controlling for age group.

f Includes the responses “very much
improved,” “much improved,” and
“minimally improved.”
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Fenfluramine was generally well tolerated. Importantly,
no patient developed valvular heart disease or PAH, and all
echocardiograms in all patients demonstrated normal valve
function without observation of abnormal valve morphol-
ogy. Fenfluramine as an anorectic agent for adults was re-
moved from the market in 1997 based on reports of increased
risk of valvular heart disease when prescribed in higher dos-
ages (60-120 mg/d) and (most often) when prescribed with
phentermine.24 In addition, cases of PAH were also reported.25

In the patient population of adults with obesity, higher dos-
ages (>40-60 mg daily) than those required for efficacy in the
current study (≤17 mg/d) were reported.26-30 Importantly, an
intensive, prospectively defined cardiovascular monitoring
program was used, with color Doppler echocardiographic ex-
aminations before and during the trial to identify functional
changes in cardiac valves and signs of PAH, and all echocar-
diograms were interpreted by 2 reviewers blinded to treat-
ment group. There was no valvular heart disease or PAH ob-
served in any patient at any time during the study. Only findings
of intermittent, trace mitral regurgitation were observed, which
are physiologic findings also observed in children with nor-
mal health.23 This study supports previous reports of the car-
diovascular safety in patients with DS at the lower dosages used
for seizure management in short-term and long-term trials rela-

tive to the higher dosages for adults with obesity.12,31,32 Weight
loss occurred but at rates commensurate with previous clini-
cal studies,22 and none of the patients experienced weight loss
that resulted in trial discontinuation.

Study Limitations
Outcomes associated with fenfluramine (eg, appetite suppres-
sion, efficacy in MCSF reduction) could theoretically lead to
functional unblinding, but post hoc analyses found no evi-
dence of this. The study duration was short, and longer-term
observations will be necessary to fully characterize long-
term effectiveness and safety, including developmental end
points and an cardiovascular safety profile. However, 1 open-
label study30 (treatment up to 30 years in Belgium) and an
open-label extension to the phase 3 studies33,34 (treatment up
to 3 years) have reported continued, significant improve-
ment in MCSF reduction without development of valvular heart
disease or PAH.

Conclusions
Fenfluramine demonstrated statistically significant and clini-
cally meaningful efficacy in this phase 3 trial in patients with
DS currently receiving a stiripentol-containing AED regimen
without the development of valvular heart disease or PAH. Fen-
fluramine may represent an important, effective new treat-
ment option for patients with DS and seizures inadequately
controlled on stiripentol-inclusive AED regimens.

ARTICLE INFORMATION

Accepted for Publication: October 12, 2019.

Published Online: December 2, 2019.
doi:10.1001/jamaneurol.2019.4113

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2019 Nabbout R et al. JAMA Neurology.

Author Affiliations: Hôpital Universitaire Necker–
Enfants Malades, Service de Neurologie Pédiatrique
Centre de Référence Épilepsies Rares, Imagine
Institute, Institut National de la Santé et de la

Recherche Médicale, Unite Mixté de Recherche
1163, Paris Descartes University, Paris, France
(Nabbout); Zogenix, Inc, Emeryville, California
(Mistry, Farfel, Galer, Morrison, Lock, Agarwal);
Paediatric Neurosciences Research Group, Royal
Hospital for Children Glasgow, Glasgow, United
Kingdom (Zuberi); Assistance Publique–Hôpitaux

Table 3. Most Common (≥10%) Noncardiovascular Treatment-Emergent
Adverse Events in Any Treatment Group

Outcome

Patients, No. (%)
Receiving
Fenfluramine
(n = 43)

Receiving
Placebo
(n = 44)

Patients with ≥1 treatment-emergent
adverse event.

42 (98) 42 (96)

Patients with ≥1 serious
treatment-emergent adverse event.

6 (14) 7 (16)

Treatment-emergent adverse events in
≥10% of patients in any treatment group

Decreased appetite 19 (44) 5 (11)

Pyrexia 11 (26) 4 (9)

Fatigue 11 (26) 2 (5)

Diarrhea 10 (23) 3 (7)

Nasopharyngitis 7 (16) 15 (34)

Blood glucose decreased 6 (14) 2 (5)

Lethargy 6 (14) 2 (5)

Bronchitis 5 (12) 2 (5)

Seizure 2 (5) 7 (16)

Figure 2. Cumulative Response Curves for Percent Reduction
in Monthly Convulsive Seizure Frequency From Baseline
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Results are plotted for combined titration and maintenance periods. Vertical
dashed lines represent 25%, 50%, and 75% reduction in monthly convulsive
seizure frequencies; percentages correspond to the proportion of patients in
the fenfluramine or placebo groups who met or exceeded each response level.
Twelve of 44 patients (27%) in the placebo group and 30 of 43 (70%) in the
fenfluramine group experienced 25% or greater reductions (P < .001); 2 of 44
patients (5%) in the placebo group and 23 of 43 (54%) in the fenfluramine
group experienced 50% or greater reductions (P < .001); and 1 of 44 (2%) in the
placebo group and 15 of 43 (35%) in the fenfluramine group experienced 75%
reductions (P = .003). The P values are vs placebo and are estimated by logistic
regression (as per Table 2).
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