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Abstract

Objective: Fenfluramine has been shown to provide clinically meaningful and
statistically significant reductions in convulsive seizure frequency in children and
adolescents (aged 2-18 years) with Dravet syndrome in two randomized, placebo-
controlled clinical trials. The objective of this analysis was to assess longer-term
safety and efficacy of fenfluramine in patients who completed one of the double-
blind studies and entered an open-label extension (OLE) study.

Methods: Patients enrolling in the OLE study initiated fenfluramine at 0.2 mg/kg/d
regardless of their treatment assignment in the double-blind study. After 4 weeks, the
fenfluramine dose could be titrated based on efficacy and tolerability to maximum
of 0.7 mg/kg/d (absolute maximum 27 mg/d) or maximum of 0.4 mg/kg/d (abso-
lute maximum 17 mg/d) in patients receiving concomitant stiripentol. The number
and type of seizures were recorded daily in an electronic diary, and safety, includ-
ing echocardiography, was assessed at Months 1, 2, and 3, and at 3-month intervals
thereafter.

Results: A total of 232 patients were enrolled as of March 13, 2018. During this anal-
ysis period, patients were treated for a median 256 days (range = 46-634 days). Over
the entire OLE analysis period, the median decrease in convulsive seizure frequency
compared to baseline in the double-blind studies was —66.8% (range = —100% to
234.9%; P < .001). The median reduction in seizure frequency was similar in patients
<6 (=75.7%) and >6 years old (—64.7%). The most commonly reported adverse
events included pyrexia (21.6%), nasopharyngitis (19.4%), and decreased appetite
(—=15.9%). No valvular heart disease (VHD) or pulmonary arterial hypertension
(PAH) was observed.

Significance: Study results demonstrate that fenfluramine provides clinically mean-

ingful (>50%) seizure frequency reduction over an extended period in patients with
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1 | INTRODUCTION
Dravet syndrome is a rare, severe, treatment-resistant devel-
opmental and epileptic encephalopathy1 that typically begins
during the first year of life. It is characterized by focal and
generalized seizures, developmental slowing and often regres-
sion, cognitive impairment, and elevated mortality risk due to
status epilepticus and sudden unexpected death in epilepsy
(SUDEP).Z’3 Treatment of Dravet syndrome remains sub-
optimal despite regimens that include multiple antiepileptic
drugs (AEDs) as well as ketogenic diets. Pharmacoresistance
is illustrated by a survey of 274 European patients with
Dravet syndrome conducted by Aras et al,4 who found that
about two-thirds of patients were taking three or four AEDs.
Despite these multiple drug regimens, 45% of patients con-
tinued to experience four or more tonic-clonic seizures per
month. Researchers have found that even drugs to which pa-
tients initially respond may become less effective over time.

The antiseizure activity of fenfluramine was first reported
in the 1980s in small case series and other observational
studies of children with photosensitive or self-induced epi-
lepsy.6 Some of the patients in these original studies were
later diagnosed with Dravet syndrome, and these patients and
other patients with Dravet syndrome provided the basis for
two long-term, open-label, cohort studies, which found that
fenfluramine provided sustained, long-term, clinically mean-
ingful seizure reduction.”” The antiseizure activity of fen-
fluramine in Dravet syndrome is thought to be mediated by
both its serotonergic activity and its interactions with sigma-1
receptors. 10,11

Two phase 3, randomized, placebo-controlled, dou-
ble-blind clinical trials of fenfluramine for treatment of pa-
tients with Dravet syndrome have recently been reported.u’13
In both studies, low-dose fenfluramine (<0.7 mg/kg/d) was
added to each patient's current antiepileptic treatment regi-
men, which resulted in substantial and statistically signifi-
cant reductions in convulsive seizure frequency compared to
placebo treatment. A total of 35% to 50% of patients treated
with fenfluramine experienced a profound (>75%) reduc-
tion in convulsive seizure frequency compared with only 2%
in the placebo group. In these short-term phase 3 trials, no
patient developed valvular heart disease or pulmonary arte-
rial hypertension, and the drug was generally well tolerated.
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Dravet syndrome. No patient developed VHD or PAH, and fenfluramine was gener-
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Key Points

e Patients with Dravet syndrome were treated with
fenfluramine for a median 256 days in this open-
label extension study

e Fenfluramine provided sustained reduction in
convulsive seizure frequency, with a median re-
duction of 66.8%

e More than 40% of patients experienced profound
(>75%) reduction in convulsive seizure frequency

e Anticonvulsive effectiveness was similar in pa-
tients <6 years old (—75.7%) and >6 years old
(—64.7%)

e Fenfluramine was well tolerated, with no obser-
vations of cardiac valvulopathy or pulmonary
hypertension

Here we present an analysis of the safety and efficacy of
fenfluramine in patients from these two core clinical trials
who entered a long-term, open-label extension (OLE) study
(NCTO02823145).

2 | MATERIALS AND METHODS
This study was conducted in accordance with the Declaration
of Helsinki. The study protocol was reviewed and approved
by the institutional review board or ethics committee at each
study site before the study began. All patients or their legal
representatives provided written informed consent before en-
rolling in the study.

Patients with Dravet syndrome between the ages of 2
and 18 years who satisfactorily completed any of the core
phase 3 clinical trials (NCT02926898, NCT02682927,
NCT02826863) were eligible to enroll in the OLE study. Key
exclusion criteria included known hypersensitivity to fen-
fluramine or any excipients in the study medication; current
or past history of cardiovascular or cerebrovascular disease,
myocardial infarction, or stroke; current cardiac valvulopa-
thy or pulmonary hypertension that the investigator, the par-
ent, the International Pediatric Cardiology Advisory Board,
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the Independent Data Safety Monitoring Committee, or the
Sponsor deemed clinically significant enough to warrant dis-
continuation of study medication; and current or recent his-
tory of anorexia nervosa, bulimia, or depression.

At the end of the core phase 3 clinical trial, patients
treated with >0.2 mg/kg/d fenfluramine underwent a down-
titration to 0.2 mg/kg/d, whereas all other patients, including
those in the placebo group, underwent a dummy downtitra-
tion. The primary purpose of the downtitration was to main-
tain blinding of the core phase 3 clinical trials. Fenfluramine
HCI oral solution (Fintepla; Zogenix, Inc) was administered
at equal doses with food, once in the morning and once in
the evening, approximately 12 hours apart. All patients in
the OLE study started treatment with a dose of 0.2 mg/kg/d
for the first 4 weeks, regardless of the treatment or dose re-
ceived in the core study. After 4 weeks, the dose could be
titrated based on effectiveness and tolerability, as is typically
done in clinical practice with other AEDs. Dose changes
were made in 0.2 mg/kg/d increments with a minimum of
2 weeks between steps. The daily fenfluramine dose was lim-
ited to 0.7 mg/kg/d (maximum 26 mg/d) or, in patients con-
comitantly treated with stiripentol, 0.4 mg/kg/d (maximum
17 mg/d). The protocol allowed earlier titration if clinically
meaningful worsening in seizure type or frequency was seen
during the first 4 weeks of the study. Patients who remained
on a stable dose of fenfluramine for 6 months could have
doses of concomitant AEDs reduced; however, patients had
to remain on at least one other background AED as well.

The type and number of convulsive seizures were re-
corded by the caregiver in an electronic diary. Convulsive sei-
zures were defined as hemi-clonic, tonic, clonic, tonic-clonic,
generalized tonic-clonic, and focal with clearly observable
motor signs. Baseline seizure frequency for each patient was
established during the 6-week baseline period in the core
double-blind clinical trial. Monthly seizure frequency was
defined as the number of seizures per 28 days.

Seizure-related outcomes of interest included change from
baseline in convulsive seizure frequency for the entire OLE
analysis period, and from the start of Month 2 of the OLE study
(when dose titration could begin) through each patient's final
OLE study visit. In addition, the proportions of patients who
achieved >25%, >50%, >75%, and 100% reduction in convul-
sive seizure frequency were determined. Overall improvement
in patient status was assessed on the Clinical Global Impression
of Improvement (CGI-I) Scale by the site primary investigator
and by the parent/caregiver. The CGI-I asks each assessor to
rate the change observed in a patient on a 7-point Likert scale,
with 1 indicating “very much improved,” 4 indicating “no
change,” and 7 indicating “very much worse.”

Treatment-emergent adverse events (TEAEs) were re-
corded primarily at study visits, either in person or by tele-
phone. Echocardiography was performed at OLE study entry,
after 4 to 6 weeks, and every 3 months thereafter to assess

cardiac valve function and valve morphology and to estimate
pulmonary arterial pressure.

Patients who had enrolled in the OLE study by March 13,
2018, and who received at least one dose of fenfluramine in
the OLE study were included in this analysis. Safety data were
collected through April 27, 2018, and patients with >1 month
of electronic diary seizure documentation by June 8, 2018,
were included in the analysis. Change in seizure frequency
from baseline was assessed by a Wilcoxon signed-rank test,
and other outcomes are presented with descriptive statistics.

3 | RESULTS

A total of 232 patients had enrolled in the OLE study and had
received at least one dose of fenfluramine as of the analy-
sis cutoff date of March 13, 2018. Sixteen patients had en-
rolled in the OLE study after participating in the drug-drug
interaction pharmacokinetic portion of one of the core trials
(NCT02926898); because baseline seizure frequency was not
established in this cohort of 16 patients, their results are not
included in the assessment of efficacy but are included in the
safety summary. Patient demographics and baseline charac-
teristics are presented in Table 1. A total of 22 patients (9.5%)
discontinued participation in the OLE study. Reasons for dis-
continuation included lack of efficacy (n = 16; 6.9%; me-
dian duration of treatment = 146 days; range = 57-465 days);
withdrawal by patient/caregiver (n = 3; 1.3%; duration of
treatment = 133, 178, 227 days); adverse events (n = 1; 0.4%;
71 days); death due to SUDEP (n = 1; 0.4%; 112 days); and
physician decision (n = 1; 0.4%; 82 days).

The median duration of treatment with fenfluramine in this
analysis period was 256 days (range = 58-634 days). The dis-
tribution of mean daily doses for each patient over the course
of treatment in the OLE study was as follows: >0 to 0.2 mg/
kg/d (n = 29; 13%), >0.2 to <0.3 mg/kg/d (n = 66; 28%),
0.3 to 0.5 mg/kg/day (n = 76; 33%), and >0.5 to 0.7 mg/kg/d
(n =61; 26%). The distribution of doses in patients receiving
or not receiving concomitant stiripentol is presented in Table
S1. The mean daily dose calculated over the entire OLE study
treatment period for all patients was 0.40 + 0.15 (=SD) mg/
kg/d. In patients treated with concomitant stiripentol, the
mean daily dose was 0.32 + 0.12 mg/kg/d, and in patients not
concomitantly receiving stiripentol, the mean daily dose was
0.44 + 0.12 mg/kg/d. During the first 18 months of treatment
in the OLE study, <5% of patients had a downward dose ad-
justment at any study visit.

The baseline median convulsive seizure frequency be-
fore the start of treatment in the double-blind studies for
this group of patients was 19.7 seizures per month (see
Table 1). Consistent with findings in the completed phase
3 clinical trials,'>'® fenfluramine provided a median 70.6%
reduction in convulsive seizure frequency at the end of
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TABLE 1
N
Age,y
Mean + SD

Median (min, max)
Age group, n (%)
<6y
6-18 y
>18y
Sex, n (%)
Male
Female
Race, n (%)
White
Black or African American
Asian
American Indian or Alaska Native
Other
Not reported”
Ethnicity, n (%)
Hispanic or Latino
Not Hispanic or Latino
Not reported®
Unknown
Region, n (%)
North America
Europe and Australia
BMI, kg/m®
Mean + SD
Median (min, max)
Concomitant antiepilepsy drugs, n (%)
Valproate (all forms)
Clobazam
Stiripentol
Topiramate
Levetiracetam
Clonazepam
Bromides (all forms)
Zonisamide
Treatment in core phase 3 trial, n (%)
Placebo
Fenfluramine 0.7 mg/kg/d
Fenfluramine 0.4 mg/kg/d
Fenfluramine 0.2 mg/kg/d
Not reported®

232

9.1+47
9.0 (2, 19)

65 (25.0)
166 (71.6)
1(0.4)

128 (55.2)
104 (44.8)

172 (74.1)
1(0.4)
9(3.9)
2(0.9)

13 (5.6)
35(15.1)

23(9.9)
159 (68.5)
47 (20.3)
3(1.3)

111 (47.8)
121 (52.2)

179 +£4.2

Patient demographics and baseline characteristics

17.0 (11.8, 39.7)

173 (74.6)
159 (68.5)
63 (27.2)
63 (27.2)
58 (25.0)
33 (14.2)
24 (10.3)
21 9.1)

64 (27.6)
35 (15.1)
21 (9.1)

54 (23.3)
58 (25.0)

(Continues)

Epilepsia->

TABLE 1 (Continued)

Baseline convulsive seizure frequency (seizures/28 d)
N 216°
Mean + SD 44.0 £ 113
Median 19.7
Minimum, maximum 0, 1464

“Privacy laws in some regions/countries precluded disclosure of certain personal
information.

"These patients enrolled from a phase 3 trial that is not yet unblended.

“Sixteen patients who enrolled in the pharmacokinetic cohort of Study 213 did
not have baseline seizure frequency determined during the study and were not
included in the efficacy analysis of the OLE study.

4All patients had >0 seizures during baseline. The minimum value of 0 is due to
an error in the seizure diary of a patient in a study that is still blinded.

Month 2 of the OLE study (after the mandatory 0.2 mg/
kg/d dosing during Month 1), and this clinically meaningful
reduction was maintained throughout the entire assessment
period, which comprised nearly 24 months of treatment
(median = 256 days; range = 57-634 days; Figure 1). The
median percent reduction in convulsive seizure frequency at
the analysis was similar in patients <6 years old (—75.7%)
and >6 years old (—64.7%) (Figure S1). A total of 77.8%,
64.4%, and 41.2% of patients demonstrated >25%, >50%,
and >75% reduction in convulsive seizure frequency, re-
spectively (Figure 2). Durability of this response was
assessed in two ways. On a population level, Figure 2 illus-
trates the proportion of patients who demonstrated >25%,
>50%, >75%, or 100% reduction in convulsive seizures at
each assessment point during the OLE study. At the indi-
vidual patient level, we assessed the percentage of days a
responder spent at that given level of response during par-
ticipation in the OLE study. Those patients who experienced
a >50% reduction in convulsive seizure frequency spent an
average of 80% of the days they participated in the OLE
study at this level of response, and those patients who expe-
rienced a >75% reduction in convulsive seizure frequency
spent an average of 68% of the days they participated in
the OLE study at this level of response (Figure 3). Six pa-
tients (2.8%) were seizure-free during their entire observa-
tion period (62-545 days). During the period immediately
following initiation of dose titration (ie, from Month 2 until
the end of the observation period), 14 patients (6.5%) were
seizure-free. Rescue medication was used for a median
0.3 days per month during the OLE study compared with a
median 0.7 days during baseline periods of the double-blind
studies. A total of 34.9% of patients did not use any rescue
medication during the entire analysis period.

A similar percentage of patients was rated as “much
improved” or “very much improved” on the CGI-I by care-
givers (61.1%) or investigators (65.9%) at the most recent
assessment. As illustrated in Figure 4, the percentage of pa-
tients who were rated as “much improved” or “very much
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improved” increased over time, further demonstrating the du-
rability of the effect of fenfluramine.

TEAEs were reported for 89.7% of patients in the OLE
study. TEAEs occurring in >10% of study participants are
presented in Table 2. One patient, a 2-year-old boy, died
in his sleep on OLE Study Day 88; his cause of death was
reported as SUDEP that was unrelated to study treatment.
Decreased appetite occurred in 37 patients (15.9%), and
loss of body weight was reported as a TEAE in 12 patients
(5.2%). During the OLE study period, loss of appetite re-
solved in 19 of 37, with median time to resolution of 30 days
(range = 6-61 days). A total of 31 patients (13.4%) lost >7%
of body weight at some time during the OLE study period,
and 13 of these patients (42%) recovered the weight lost over

1-9 months. Four patients (1.7%) experienced weight gain
>7% while treated with fenfluramine during the OLE study.
Echocardiographic examination revealed that all patients
continued to have normal valve function and morphology
during the entire OLE analysis period (a detailed description
of these results will be reported separately). No patients de-
veloped pulmonary arterial hypertension.

4 | DISCUSSION

The robust convulsive seizure reductions associated with
fenfluramine for treatment of Dravet syndrome observed
in this OLE study considerably extend the results observed

FIGURE 1 Median change from
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FIGURE 2 Convulsive seizure
responder rates over time in the open-label
extension study (OLE). The total number
of patients assessed at each time point is

Epilepsia-*
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FIGURE 3 Antiseizure responder analysis for patients treated
in the open-label extension study
12,13

in two phase 3 randomized, placebo-controlled trials.
During Study 1, in which concomitant stiripentol use was
not allowed, the fenfluramine 0.7 mg/kg/d group experi-
enced a median 74.9% reduction in convulsive seizure fre-
quency compared with baseline over the 14-week treatment
period.12 During the second study (Study 2), in which all
patients were also treated with stiripentol, clobazam, and/or
valproate, among other AEDs, the fenfluramine 0.4 mg/kg/d
group experienced a median 63.1% reduction in convulsive

3 6 9 12 15 18 21
Open-label Treatment Month

214 209 175 121 80 42 19

seizure frequency compared to baseline over the 15-week
treatment period.13 Results of the present OLE study over
a median 256 days (37 weeks) demonstrate that antiseizure
responses in the core clinical trials were sustained through-
out the longer OLE study analysis period. This sustained
anti-seizure response is consistent with the experience of
two cohorts of patients with Dravet syndrome who have
been treated with fenfluramine for up to 30 years.7_9 It is
important to note that no new safety issues emerged dur-
ing the OLE study analysis period, and no abnormalities
were noted on any echocardiogram. The overall dropout
rate remained low (9.5%), supporting continued tolerability
of fenfluramine during long-term treatment, as seen dur-
ing the median treatment period of 256 days. This dropout
rate compares favorably to that of recent open-label stud-
ies of stiripentol for treatment of Dravet syndrome (10 of
41 patients [24%; median treatment duration = 7 months]
and 10 of 64 patients [16%; median treatment dura-
tion = 208 weeks] withdrew early due to lack of efficacy
or adverse eventsM’lS); and of cannabidiol for Dravet syn-
drome (75 of 264 patients [28%] withdrew due to patient/
guardian decision [n = 21; 8%], adverse events [n = 17,
6%], investigator decision [n = 16; 6%], or other reasons
[8%] during a median exposure of 9 months).16

An important component of the present study was that all pa-
tients started treatment with fenfluramine in the OLE study at a
dose of 0.2 mg/kg/d. Trial design required that all patients who
had been treated with 0.7 or 0.4 mg/kg/d in the double-blind
clinical trials had to undergo downtitration during transition to



SULLIVAN ET AL.

» |_Epilepsia

100 - ©
80 o

60 - V4

by Investigators
°

20 -

Percentage of Patients Rated
Much or Very Much Improved

0 T T T T T T T
0 3 6 9 12 15 18 21

Months in OLE Study

n=208 210 184 121 81 33 14 3

w

100 4 ®

80

60 - [

by Parents/Caregivers
N

20

Percentage of Patients Rated
Much or Very Much Improved

0 T T T T T T T
0 3 6 9 12 15 18 21

Months in OLE Study

n=208 210 184 121 81 33 14 3
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OLE, open-label extension. The decrease in patient number is due primarily to staggered entry into the OLE study—not to patient withdrawal

TABLE 2 Treatment-emergent adverse events occurring in
>10% of patients

TEAE n (%)

Pyrexia 50 (21.6)
Nasopharyngitis 45 (19.4)
Decreased appetite 37 (15.9)
Influenza 27 (11.6)
Seizure 26 (11.2)
Diarrhea 25 (10.8)
Upper respiratory tract infection 24 (10.3)

the OLE study. Starting all patients at the lower dose and then
initiating dose titration after 4 weeks of treatment allowed a
more complete assessment of the effectiveness of lower doses
of fenfluramine for patients with Dravet syndrome. However,
the fact that about one-third of patients underwent down-titra-
tion from a higher dose of fenfluramine may have accounted
for the lower median percent reduction in seizure frequency
observed during Month 1 of the OLE study compared with all
subsequent months (see Figure 1), during which the dose was
titrated to maximum effectiveness and tolerability. Of note, the
balance between effectiveness and tolerability was achieved by
74% of patients at doses <0.52 mg/kg/d.

Longitudinal studies of patients with Dravet syndrome sug-
gest that patients experiencing higher rates and greater severity
of seizures are at greater risk for poor long-term neurodevelop-
mental outcomes, as well as greater risk for SUDEP>!"!8 In the
present study, patients treated with fenfluramine who attained a
clinically meaningful (ie, >50%) reduction in convulsive seizure
frequency spent an average of 80% of their days in the OLE
study at this level of response. Also noteworthy was that pa-
tients experiencing a >75% reduction in convulsive seizure fre-
quency spent an average of 68% of their days in the OLE study

at this level of response. The ability to consistently achieve and
maintain these levels of treatment response has the potential to
positively influence longer-term cognitive function. In addition,
such maintenance of a profound convulsive seizure reduction
may likely reduce the risk of SUDEP."

Fenfluramine is known to have anorectic effects™; thus
findings of appetite suppression and weight loss as reported
in the OLE study were not unexpected. However, it appears
that these TEAEs resolve over time and/or can be effectively
managed, as about 50% of patients who had appetite loss
during the OLE study experienced its resolution later in the
study. Similarly, approximately 40% of patients who had lost
>7% of their baseline body weight (an arbitrary threshold
used in this study) experienced stability of body weight or
weight gain while remaining in the OLE study.

In the past, when it was marketed as an anorectic drug for
adults, fenfluramine, typically at doses of 60 to 120 mg/d, was
associated with an increased incidence of valvular heart dis-
ease and pulmonary arterial hypertel1sion,21‘22 and these seri-
ous adverse events contributed to its withdrawal from global
markets in 1997.% Because of this history, systematic inten-
sive monitoring of cardiac valve function and morphology, as
well as pulmonary arterial pressures, was performed in the
OLE study to closely evaluate the long-term safety of fen-
fluramine when used to treat children and young adults with
Dravet syndrome. Echocardiography revealed no evidence of
valvular heart disease, as evidenced by valve regurgitation,
valve thickening, or restrictive valve motion, in any patient
during up to 634 days of treatment with fenfluramine in the
OLE study. In addition, no evidence of pulmonary arterial
hypertension was observed during the OLE analysis period.
Of note, in the two Belgian cohorts of patients with Dravet

'The cardiovascular safety results of this study are presented in detail in the
accompanying article by Lai et al in this issue of Epilepsia.
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syndrome who have been treated with fenfluramine for up to
30 years, none of the 19 patients has developed valvular heart
disease or pulmonary arterial hypertension.24

4.1 | Study limitations

Conclusions regarding efficacy and tolerability of fenfluramine
for treatment of Dravet syndrome are limited by the study's
open-label design. The post hoc analysis of the relationship be-
tween the magnitude of the antiseizure response and improve-
ment in executive function included only a subset of patients
from the first double-blind study to be completed because
patients from the second double-blind study had not yet been
treated long enough in the OLE study to be included. The CGI-I
instrument requires a comparison to the baseline condition of
the patient and therefore may be influenced by recall bias.

5 | CONCLUSIONS
This OLE study has found that the profound reductions in
convulsive seizure frequency observed in two core rand-
omized, placebo-controlled clinical trials of fenfluramine
continued throughout the entire OLE analysis period, with
a median 70.6% reduction in convulsive seizure frequency
after optimization of dosing, and were sustained for a me-
dian 256 days of treatment. In addition, fenfluramine con-
tinued to be well tolerated, as evidenced by the low dropout
rate in the OLE study. It is important to note that no valvular
heart disease or pulmonary arterial hypertension was ob-
served during longitudinal echocardiographic assessments
performed during the OLE study. Clinically meaningful and
ongoing marked seizure reduction maintained by treatment
over a substantial period of time may also be clinically im-
portant, given the negative impact of frequent convulsive
seizures on long-term neurodevelopmental outcomes.

6 | MEETING PRESENTATIONS

Portions of the results of this study have been presented pre-

viously at several meetings.zs"29
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