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Abstract

Objective: Dravet syndrome (DS) is a drug-resistant, infantile onset epilepsy syn-
drome with multiple seizure types and developmental delay. In recently published
randomized controlled trials, fenfluramine (FFA) proved to be safe and effective in
DS.

Methods: DS patients were treated with FFA in the Zogenix Early Access Program
at four Italian pediatric epilepsy centers. FFA was administered as add-on, twice
daily at an initial dose of 0.2 mg/kg/d up to 0.7 mg/kg/d. Seizures were recorded in
a diary. Adverse events and cardiac safety (with Doppler echocardiography) were
investigated every 3 to 6 months.

Results: Fifty-two patients were enrolled, with a median age of 8.6 years (inter-
quartile range [IQR] = 4.1-13.9). Forty-five (86.5%) patients completed the efficacy
analysis. The median follow-up was 9.0 months (IQR = 3.2-9.5). At last follow-up
visit, there was a 77.4% median reduction in convulsive seizures. Thirty-two patients
(71.1%) had a >50% reduction of convulsive seizures, 24 (53.3%) had a >75% reduc-
tion, and five (11.1%) were seizure-free. The most common adverse event was de-
creased appetite (n = 7, 13.4%). No echocardiographic signs of cardiac valvulopathy
or pulmonary hypertension were observed. There was no correlation between type of
genetic variants and response to FFA.

Significance: In this real-world study, FFA provided a clinically meaningful reduc-
tion in convulsive seizure frequency in the majority of patients with DS and was well

tolerated.
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1 | INTRODUCTION

Dravet syndrome (DS) is a rare, drug-resistant, develop-
mental, and epileptic encephalopathy with onset in infancy,'
characterized by multiple types of epileptic seizures, devel-
opmental delay, cognitive impairment, and crouch gait.?

It is estimated that DS incidence ranges from 1 in 15 700
to 1 in 40 000. In >80% of patients, a sodium voltage-gated
channel alpha subunit 1 gene (SCNIA) genetic variant can be
demonstrated, although diagnosis is based on clinical criteria.”’

Patients with DS have an increased risk of sudden unex-
pected death in epilepsy, with a mortality rate of 7%-18%
under the age of 18 years.® A high frequency of generalized
tonic-clonic seizures is a major risk factor for this outcome.’

Valproate, clobazam, and stiripentol are considered as
first-line treatment in DS. Ketogenic diet, topiramate, and
cannabidiol (CBD) represent second-line treatment choices.
Levetiracetam, bromides, zonisamide, and vagal nerve stim-
ulation can be taken in account as third line.®'”

The drugs most recently approved or nearing US Food and
Drug Administration (FDA) and European Medicine Agency
(EMA) approval are stiripentol, CBD, and fenfluramine
(FFA). Stiripentol waas approved in the USA in 2018, whereas
in Europe, Canada, and Japan it has been available since
2007 and 2012.""'? In 2018 and 2019, the FDA and EMA,
respectively, approved the use of CBD (EMA as add-on with
clobazam) for treating seizures in DS, based on a randomized
controlled trial (RCT)."*'* In June 2020, the FDA approved
FFA for the treatment of seizures in patients with DS.

FFA was effective for the treatment of convulsive seizures
in DS in open-label studies''” and in two placebo RCTs.'®!?
It was also reported to be effective for the treatment of non-
convulsive status epilepticus (NCSE).*°

Although RCTs are required for FDA and EMA ap-
proval of an investigational drug, both regulatory agencies
can authorize expanded access programs (EAPs), also re-
ferred as compassionate use. In the 2019, Zogenix sup-
ported an EAP of FFA in patients with a clinical diagnosis
of DS, without echocardiographic signs of cardiac valve
disfunction and pulmonary arterial hypertension. Here, we
evaluate efficacy and safety of add-on FFA in a series of
patients with DS consecutively enrolled within the EAPs
at four Italian pediatric centers, in a real-world clinical
practice context.

2 | MATERIALS AND METHODS

2.1 | Study design and patient population

This is a prospective independent, open-label study con-
ducted at four Italian epilepsy centers prescribing FFA in
the context of an EAP granted by Zogenix. All patients with

Key Points

e DS is a drug-resistant, infantile onset epilepsy
syndrome with multiple seizure types and devel-
opmental delay

e We administered FFA to 52 DS patients in the
context of a recently approved early access
program

e The median follow-up was 9.0 months; at last fol-
low-up visit, there was a 77.4% median reduction
in convulsive seizures

e Fifty-three percent of patients had a >75% reduc-
tion, and 11.1% were seizure-free

e The most common adverse event was decreased
appetite (13.4%); no signs of cardiac valvulopathy
or pulmonary hypertension were observed

a clinical diagnosis of DS, consecutively seen, whose par-
ents accepted FFA treatment proposal were enrolled if they
had no echocardiographic signs of cardiac valve disfunction
and pulmonary arterial hypertension and had been on stable
doses of antiseizure medications (ASMs) for >4 weeks. An
institutional review board at each site approved the treat-
ment and study protocols, and parents/caregivers provided
written informed consent before any study-related assess-
ments. The study was conducted in accordance with the
Good Clinical Practice guidelines and local standard oper-
ating procedures.

2.2 | Procedures and study design
Demographic and clinical data, including the SCNIA genetic
variants, were collected. Genetic variants were stratified into
three groups: loss of function, missense in the pore region
(S5-S6), and missense outside the pore region.

Primary outcome was efficacy of FFA; secondary out-
come was tolerability.

The study was planned with a 28-day baseline period
and a titration period, followed by a maintenance period.
During the baseline period, parents/caregivers completed
written diaries of all countable seizure types. We collected
data on convulsive seizures only, defined as hemiclonic,
tonic, clonic, generalized tonic-clonic, and focal with clearly
observable motor signs. Concomitant ASMs were recorded
at baseline. After the baseline observation period, patients
received FFA hydrochloride (2.5 mg/mL) in oral solution
(Zogenix) at a gradually increasing dose from 0.2 to 0.7 mg/
kg/d (twice daily) until tolerated or a maximum dose of
26 mg/d (17 mg/d if in coadministration with stiripentol).
Duration of the titration period and maximum dose were at
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the physician's discretion, based on clinical response. During
the maintenance period, dose changes of FFA and other
ASMs were allowed and recorded. Clinical evaluation in-
cluding seizure count and evaluation of adverse events (AEs)
was done every 3 months.

2.3 | Assessment of efficacy

The primary efficacy endpoint was the percentage change
in the frequency of convulsive seizures from baseline per
28 days measured through last follow-up visit (titration plus
maintenance period). The frequency was calculated as the
number of convulsive seizures recorded after FFA initia-
tion, divided by the number of days from titration to last
follow-up visit (LFV). The result was multiplied by 28 for
a monthly frequency. Both median and mean percentage
change from baseline were calculated using the following
formula: (seizure frequency through LFV — seizure fre-
quency during baseline) x 100/seizure frequency during
baseline.

We noted the proportion of patients who had >25%,
>50%, >75%, or 100% reduction in convulsive seizures
from baseline; those with seizure reduction > 50% were de-
fined as responders. The proportion of patients with an in-
crease or no change (>0% and <25%) in seizure frequency
was also recorded. These data were calculated as detailed
above. The proportions of seizure-free patients and of those
with no more than one convulsive seizure for 6 months were
also recorded. Finally, to facilitate comparability of find-
ings between this study and previous RCTs, we calculated
the monthly median percentage reduction in convulsive
seizures and the percentages of responders at 3 months of
follow-up.

We evaluated the effect of FFA also on nocturnal and
self-induced seizures. To evaluate a difference in efficacy
by age, we also compared seizure frequency in patients aged
<6 years and those >6 years of age. At last follow-up visit,
we administered the Clinical Global Impression (CGI) scale
to caregivers to assess the effects of FFA on behavior, auton-
omy, communication, and motor skills. We applied the chi-
square test to determine whether significant differences had
emerged in the items explored.

2.4 | Assessment of tolerability

The number and percentage of subjects with AEs were
summarized in terms of severity and relationship to study
drug. Serious AEs (SAEs) were summarized separately.
Cardiovascular safety was assessed via Doppler echocardio-
gram at baseline and every 6 months (or every 3 months at
the physician's discretion).

Epilepsia—-
2.4.1 | Statistical analysis

All demographic, clinical, efficacy, and safety data were ana-
lyzed. Continuous data were summarized using descriptive sta-
tistics including means, standard deviations, medians, lower and
upper quartiles, and ranges. Categorical variables were summa-
rized with frequencies and percentages. A statistical hypothesis
testing was planned; for categorical results, a chi-square test or
the Fisher exact test was performed, as appropriate. Wilcoxon
signed-rank test was used for continuous variables. A P value
< .05 was considered statistically significant. Statistical anal-
ysis was performed using R version 3.2.3 (R Foundation for
Statistical Computing, https://www.r-project.org/).

3 | RESULTS
3.1 | Demographics and baseline
characteristics

Fifty-two patients (29 males) with a median age of 8.6 years
(interquartile range [IQR] = 4.1-13.9, range = 2.1-28.6), all
carrying SCNIA genetic variants, were enrolled (Table 1; see
Table S1). The median follow-up was 9.0 months (IQR = 3.6-
9.5, range = 3.0-14.9). Mean patient weight was 35.0 kg
(range + standard deviation [SD] = 11.0-97.0 + 21.5). Mean
dose of FFA was 0.46 mg/kg/d (range + SD = 0.2-0.7 + 0.16).
Patients were previously treated with a median of three ASMs
(IQR = 2-3). At the beginning of FFA administration, pa-
tients were on a median of three ASMs (IQR = 2-3); the most
commonly used drugs were valproate (n = 47), clobazam
(n = 42), stiripentol (n = 31), topiramate (n = 5), and clonaz-
epam (n = 5). Three patients had previously been treated with
an artisanal formulation of CBD. Valproic acid blood levels,
measured before starting FFA and at last follow-up, did not
differ significantly (77.4 pg/mL vs 71.1 pg/mL, P = .2).

3.2 | Efficacy

Data on seizure frequency were available for 45 patients
(86.5%). The remaining seven patients were excluded from
the analysis of efficacy because data collection was incom-
plete (Table 2).

Monthly median convulsive seizure frequency was 6.0
(IQR = 4-14.0) at baseline and 1.9 (IQR = 0.5-4.5) at last fol-
low-up (Figure 1), with a median 77.4% (IQR = 43.6-94.4)
percentage reduction in convulsive seizure frequency.

Thirty-two of 45 patients (71.1%) experienced a >50%
reduction in convulsive seizure frequency with a mean FFA
dose of 0.41 mg/kg/d (range + SD = 0.20-0.80 + 0.14).
Twenty-four patients (53.3%) achieved >75% reduction, and
five patients (11.1%) became seizure-free (Figure 2).
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TABLE 1 Baseline demographics and clinical features (N = 52)

Characteristic Value®

Patients 52

Sex
Male 29 (54.7)
Female 24 (45.3)

Age at enrollment, y 8.6 (4.1-13.9, range = 2.1-28.6)
Children, age <18 y 46 (88.5)
Adults 6 (11.5)

Weight, kg 35.3 (11.0-97.2 + 21.5)

Previous ASMs 2 (1-3)

Current ASMs, patients, n (%); dose, mg/kg/d
VPA 47 (90.4); 20.7 (8.8-40 + 7.7)
CLB 42 (80.7); 0.4 (0.14-1.0 = 0.2)
STP 31 (59.6); 30.0 (13.5-52.3 + 10.5)
TPM 5(9.6);4.7 (1.4-8 £ 1.9)
CcZp 5(9.6); 0.07 (0.02-0.1 + 0.05)
LEV 3(5.8);35.5(31.2-45.4 +5.8)
PB 3(5.8);2.0(1.6-2.5 +0.4)
ETS 2 (3.8); 27.6 (20.0-35.3 + 7.6)
ZNS 1(1.9);3.5
KD 2(3.8)

VPA blood levels, pg/mL
At enrollment 77.4 (35.0-125.0 + 18.0)

71.1 (45.0-105.0 + 13.2)

0.46 (0.2-0.7 = 0.16)

9.0 (3.6-9.5, range = 3.0-14.9)

At last follow-up
FFA dose, mg/kg/d
Follow-up, mo

Convulsive seizures

GTCS 35 (67.3)
Focal, with observable 11 (21.1)
motor signs
Hemiclonic 9(17.3)
Other type of seizures
Focal, without clearly 8 (15.4)
observable motor signs
Atypical absence 9(17.3)
Myoclonic 5(9.6)
Baseline convulsive seizure frequency
Mean 15.5 (1-100 + 20.7)
Median 6 (4.0-14.0)

Titration period, d

FFA withdraws

13.4 (7.0-21.0 £ 3.1)

(Continues)

Five (11.1%) patients remained seizure-free for at least
6 months, and another four (8.9%) experienced no more than
a single convulsive seizure during the same time interval.

SPECCHIO ET AL.
TABLE 1 (Continued)
Characteristic Value®
Inefficacy 1(1.9)
Increased seizure 2 (3.8)
frequency
Refractory SE 1(1.9)

Abbreviations: ASM, antiseizure medication; CLB, clobazam; CZP,
clonazepam; ETS, ethosuximide; FFA, fenfluramine; GTCS, generalized tonic-
clonic seizures; KD, ketogenic diet; LEV, levetiracetam; PB, phenobarbital; SE,
status epilepticus; STP, stiripentol; TPM, topiramate; VPA, valproic acid; ZNS,
zonisamide.

“Values are given as n (%), mean (range + standard deviation), or median (1st
quartile-3rd quartile).

Considering 3 months of follow-up, we found a me-
dian percentage reduction of convulsive seizures of 73.3
(IQR = 44.5-93.3) and a reduction in convulsive seizures of
>50% in 68.9% of patients (Table 2).

Monthly median percentage reduction in convulsive sei-
zures in patients with clearly observable focal seizures with
motor signs or hemiclonic seizures was 87.1% compared to
74.5% in those with generalized tonic-clonic seizures, with
no statistically significant differences (P = .375; see also
Table 2).

When considering the age at the time of the study, we
could not find a significant difference in the monthly me-
dian percentage reduction of convulsive seizures (P = .08)
between patients younger than 6 years and those older than
that age. We could only identify a trend suggesting greater
efficacy in younger patients (84.3% vs 70.1%; Table 2).

When analyzing the effects of the coadministration of
stiripentol on efficacy, we observed that cotreatment with
this drug resulted in a monthly median percentage reduc-
tion of convulsive seizures of 72.7%, versus 90.6% observed
in patients not taking it, and the response rate was, respec-
tively, 65.6% and 81.2%, approaching statistical significance
(P =.085).

Seven patients (15.6%) had not achieved a significant
reduction in seizure frequency, and five of them (71.4%, or
11.1% of the total number) experienced a median percentage
worsening of convulsive seizures of 44.8 (IQR = 12.0-86.6).

FFA determined a reduction in the frequency of nocturnal
seizures in 56.0% of patients (14 of 25 presenting sleep-re-
lated seizures) and a reduction in the frequency of self-in-
duced seizures in 60.0% of patients (three of five).

Titration varied from 7 to 21 days, with an average of
13.4 days. There were no differences in titration duration be-
tween different investigators. In patients with loss of appetite,
the mean titration period was 13 days, and in the remaining
patients it was 13.11 days. We could not find differences in
efficacy either.

FFA treatment allowed a simplification of baseline treat-
ment in 24 patients (46.1%) with tapering of other ASMs;
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TABLE 2 Efficacy data (n = 45)

Characteristic

Last follow-up convulsive seizure frequency

Mean

Median

Value®

3.9 (0.0-4.8 + 17.6)
1.9 (IQR = 0.5-4.5)

Percentage reduction in CS frequency from baseline

Mean

Median
0-<25 reduction in CS frequency
>25% reduction in CS frequency
>50% reduction in CS frequency
>75% reduction in CS frequency
100% reduction in CS frequency
Seizure-free for 6 mo

One seizure in 6 mo

57.1 (54.4)
77.4 (53.6-93.6)
8 (17.8)

37 (82.2)

34 (75.6)

25 (55.6)
5(11.1)
5(11.1)
4(8.9)

Three months of follow-up convulsive seizure frequency

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients with GTCS

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients without GTCS®

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients younger than 6 y

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients older than 6 y

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients with STP

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency
Patients without STP

Percentage reduction in CS frequency
from baseline

>50% reduction in CS frequency

73.4 (44.5-93.3)

31/45 (68.9)
32 (71.1)
74.5 (42.3-93.8)

22/32 (68.7)
13 (28.9)
87.1 (61.6-98.1)

11/13 (84.6)
17/45 (37.8)
84.3 (68.9-98.1)

14/17 (82.3)
28/45 (62.2)
70.1 (41.6-89.4)

18/28 (64.3)
29 (64.6)
72.7 (32.9-87.1)

19/29 (65.5)
16 (35.5)
90.6 (62.3-98.3)

13/16 (81.2)

Abbreviations: CS, convulsive seizures; GTCS, generalized tonic-clonic

seizures; IQR, interquartile range; STP, stiripentol.
*Values are given as n (%), mean (range + standard deviation), or median (1st
quartile-3rd quartile).

®Patients with focal (with observable motor signs) and hemiclonic seizures.

Epilepsia—-
in six of 31 patients (19.3%) with concomitant stiripentol,
the overall dose of the latter was reduced; moreover, in Six
patients (11.5%), one of the concomitant ASMs was dis-
continued. More specifically, in seven patients ASMs were
stopped or lowered after 2 consecutive months of seizure
freedom; two of them experienced seizure recurrence. In four
additional patients, a simplification of concomitant ASMs
was performed following 25%-75% reduction of seizure fre-
quency. In three remaining patients who did not benefit from
FFA addition, reduction of coadministered drugs, carried out
to decrease the drug load, did not influence seizure frequency.

Looking at correlations between clinical/demographic
features and outcome (responders vs nonresponders),
we could not find a statistically significant difference. A
higher number of baseline concomitant and previous ASMs
correlated with nonresponders (respectively, P = .04 and
P = .02; see Table S2). Correlation between genetic variant
subgroups and response to FFA failed to uncover any asso-
ciation (P = .2).

The CGI scale, administered to 49 patients/parents at last
follow-up, indicated improvements in different items, includ-
ing behavior in 21 patients (42.8%, P = .32), autonomy in 20
(40.2%, P = .12), communication in 28 (57.1%, P = .003),
and motor skills in 21 (42.8%, P = .02). Details are presented
in Table S4.

3.3 | Safety

Data on safety were available for all patients. The most com-
mon AE was decreased appetite (n =7, 13.4%; Table 3). This
AE was apparent at a mean FFA dose of 0.43 mg/kg/d; it was
mild in most patients (n = 6) and led to dose reduction in
three. Three of seven patients who reported decreased appe-
tite experienced a clinically irrelevant loss of weight, in none
of them resulting in FFA discontinuation. One patient subse-
quently withdrew topiramate, recovering a normal appetite.

Other AEs were observed in six patients (11.5%). One pa-
tient had interstitial pneumonia (SAE), which required hos-
pitalization. One patient manifested temporary periungual
cyanosis (mild AE). During FFA administration, one patient
experienced myoclonic seizures, which had never been ob-
served before (moderate AE); one patient manifested an in-
crease of seizure frequency, and one manifested refractory
status epilepticus (SE; SAE with hospitalization); in the latter
two patients, FFA was withdrawn.

In two patients, worsening of fever-related seizures was
observed; one of them had a prolonged seizure during fever
(SAE with hospitalization), and another experienced re-
current febrile seizures that did not respond to endorectal
diazepam.
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FIGURE 2 Cumulative response curves for percentage
reduction in convulsive seizure frequency from baseline. Results

are plotted for combined titration and maintenance periods. Vertical
lines represent 25%, 50%, and 75% reduction in convulsive seizure
frequencies; percentages correspond to the proportion of patients who
met or exceeded each response level

None of the patients experienced clinical or echocar-
diographic signs of cardiac valvulopathy or pulmonary
hypertension.

4 | DISCUSSION

DS is characterized by a high seizure burden, associated with
a series of neurological comorbidities such as developmen-
tal and motor delay, and behavioral disturbances.’ Prolonged
convulsive seizures in DS often require emergency room
admission.”' The severity and extreme resistance to medica-
tions results in an urgent need for developing new and more
effective pharmacologic treatments.

In this first open-label, real-world treatment experience
with FFA in DS, we documented that add-on FFA admin-
istration can provide a durable and clinically significant re-
duction in convulsive seizure frequency in the majority of
patients. Similar results from retrospective and prospective
open-label studies in the Belgian DS cohort have been re-
ported in a small group of patients who were treated for over

TABLE 3 Adverse events reported (N = 52)

Characteristic Value®
Decreased appetite 7(13.2)
Outcome

Resolved 2/7 (28.6)

Not resolved/ongoing 5/7(71.4)
Severity

Mild 6/7 (85.7)

Moderate 1/7 (14.3)
Decreased weight 3/7 (42.8)
Action taken with FFA

Reduction of FFA 3/7 (42.8)

None 4/7 (57.2)
Other AEs 6/52 (11.3)°
SAE 4/52 (7.5)
Hospitalization 2/52 (3.7)
FFA total daily dose, mg/kg/d 0.48 (0.3-0.8 = 0.14)
Normal echocardiogram 52/52 (100)

Abbreviations: AE, adverse event; FFA, fenfluramine; SAE, serious AD.
“Values are given as n (%) or mean (range + standard deviation).

bSee text.

28 years, based on maintained efficacy, in the absence of
signs of valvulopathy.'®!’

We found a median percentage reduction of convulsive
seizures of 77.4 and a reduction in convulsive seizures of
>50% in 71.1% of patients. Even considering differences
in study design, results observed in our cohort seem to be
slightly better than those reported in the two prospective,
double-blind, placebo-controlled trials published earlier
(Figure 3)."'” When analyzing our data with respect to a
3-month follow-up period, we found a median percentage
reduction of convulsive seizures of 73.3, with a >50% re-
duction in 68.9% of patients. These results indicate a slightly
better efficacy than observed in recent RCTs.

One factor that may explain the more favorable response
we recorded is the possibility of adjusting and personalizing
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the dose. One hundred nineteen'® and 87%2 DS patients were
enrolled in two recently published RCTs. In the larger trial
(patients without stiripentol), which featured two arms of
FFA, 0.2 and 0.7 mg/kg/d, the percentages of >50% respond-
ers were 38% and 68%, respectively, versus only 5% in the
placebo group. In the 0.7-mg/kg/d group, 8% of patients were
seizure-free during the 14-week trial duration, and the me-
dian reduction in seizure frequency was 74.9%."® In the other
study, which included patients cotreated with stiripentol,
>50% responders at 0.4 mg/kg/d were 54% in the FFA arm
compared to 5% in the placebo group; the median percentage
reduction from baseline in convulsive seizures was 63.1."
The preliminary results of an interim analysis of a long-term
open-label extension study showed that 64.4% of patients had
a >50% reduction of convulsive seizures, and 41.2% experi-
enced a >75% reduction.”? Overall, in this extension study,
efficacy remained stable over >1-year follow-up, with an
average decrease of monthly convulsive seizure frequency
of 66.8%.% The RCT evaluating the efficacy of stiripentol,
added to valproic acid and clobazam in DS,12 documented
a >50% reduction in convulsive seizures in 71% of patients,
and a significant reduction of episodes of SE."

A recent first description of a patient with DS with NCSE
successfully treated with 0.6-mg/kg/d oral load of FFA?
warrants further investigations (Table 4).

CBD has recently been approved for the treatment of DS
based on results of a trial showing that 43% of patients on
CBD and 27% of those on placebo experienced at least 50%
seizure reduction. '

The long-term effects of add-on CBD were reported
for patients with DS and Lennox-Gastaut syndrome in an

L] L] ®
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open-label study with a 50% monthly reduction of major
motor seizures.**

Overall, stiripentol associated with clobazam, FFA, and
CBD associated with clobazam are three promising op-
tions for patients with DS. Although no comparative tri-
als have been performed, figures emerging from published
studies suggest a slight superiority of FFA on convulsive
seizures.”

In our open-label study, FFA treatment allowed a reduc-
tion in the number of associated ASMs, resulting in discon-
tinuation of stiripentol in 13.4% of patients, and of a different
drug in 26.9%. Reducing the ASM load is highly warranted
in DS, as most patients are on a median of three ASMs, and
38% are still experiencing weekly seizures.?!?

Although we did not observe a greater efficacy of FFA
in children treated sooner after seizure onset, future studies
should specifically address FFA efficacy in the early stages
to fully assess its potential as a first-line treatment option.

Assessment obtained by the CGI scale suggested that FFA
treatment was accompanied by improved behavior, auton-
omy, communication, and motor skills. Although assessing
behavioral issues in children with severe encephalopathies is
always difficult, and providing inferences based on a scale
nears oversimplification, we consider this preliminary obser-
vation of interest and worth a specific study design in future
trials.

A relatively small percentage of our patients did not
achieve a significant reduction in seizure frequency, and
11.1% experienced seizure worsening. Among them, one
patient experienced, while on FFA, recurrence of convul-
sive SE that was nonresponsive to common treatments

Percentage of patients with > 50% reduction in convulsive seizures frequency
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80 77
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FIGURE 3 Comparison of the “
percentages of patients with >50% reduction “
in seizure frequency and the median
percentage reduction of monthly frequency ”
of seizures in different studies. The figure
also shows the mean dose of fenfluramine 10
(mg/kg/d), total number of patients, follow-
up, and number of treated with stiripentol in 0

Current study, 2020
0.47 mg/kg/day
45 patients
follow-up (M): 9m
STP: 29 pts
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TABLE 4 Most common concomitant ASM dose adjustments
(N=52)

Characteristic Value, n (%)
Patients with STP 31(59.6)
STP reduction 6 (11.5)
STP discontinuation 1(1.9)
Other ASM reduction 8 (15.4)

Other ASM discontinuation 6(11.5)

Abbreviations: ASM, antiseizure medication; STP, stiripentol.

(benzodiazepine, phenobarbital), and required anesthesio-
logic intervention with deep sedation. A previous report
mentioned a patient in whom FFA was discontinued due to
seizure worsening.19 Looking at clinical characteristics of
patients experiencing worsening of seizures in our series,
we could not single out a specific phenotypic profile, or a
particular form of DS. Mutation types did not differ either,
if compared with the overall sample of patients. Because
fluctuations of seizure frequency are frequently seen in
DS, future FFA treatment studies will focus on whether its
use definitely carries a risk of seizure worsening in some
patients.

The AE profile of FFA in our DS cohort appeared to be
mild when compared with earlier experiences. We observed
anorexic effects, usually mild, early in treatment in 13.4%.
None of the patients withdrew FFA due to AEs. In the two
previous RCTs, adverse effects on appetite were seen in
38%'® and 44%" of patients; weight decrease was seen in a
few patients, and only one experienced weight loss that led to
drug discontinuation.'®

Absence of clinical or echocardiographic signs of cardiac
valvulopathy or pulmonary hypertension is consistent with
previous studies, where only traces of regurgitation, which is
a normal physiologic finding and cannot be considered evi-
dence of valve dysfunction,27 were observed during a median
of 256 days.18’22’28 Although FFA appears to be safe, further
studies are necessary to assess its long-term safety on cardiac
valves, even considering that 40 mg/d of FFA carries a 9.2-
fold (95% confidence interval = 2.1-40.8) lower risk of severe
valvulopathy than 60 mg/d when used as a treatment for adult
obesity, most commonly in combination with phentelrmine.29

We found FFA coadministration not to cause significant
differences in valproate plasma levels. It was previously re-
ported that FFA does not significantly modify the pharma-
cokinetics of valproate, clobazam (and nor-clobazam), and
stiripentol; however, the association of stiripentol, clobazam,
and valproate might have effects on the pharmacokinetics of
FFA and norfenfluramine, and therefore, FFA should be ad-
justed and reduced when added to the previously mentioned
triad of drugs.30 We found no statistical difference in treat-
ment efficacy when comparing patients with versus those
without stiripentol (P = .085). However, in view of the small

sample size and of the pharmacokinetics of these ASMs, this
aspect should be investigated further.

We found no evidence that the type SCNIA genetic vari-
ant may influence sensitivity to FFA; again however, studies
with a considerably larger number of patients will clarify this
aspect.

Based on studies on zebrafish models of DS, FFA doc-
umented its activity on the serotonin receptors and sigma-1
receptors that seem to have a role in mediating seizure ac-
tivity in DS.*!'%? The selective agonism on 5-HTI1D and
5-HT2C and antagonism on sigma-1 receptors might be
one of the mechanisms of action of FFA, which seems to
be targeted for DS patients. Repurposing of other medi-
cations that act on serotonin receptors has been recently
hypothesized.33

4.1 | Study limitations

This study is limited by the small sample size, the relatively
short median follow-up, the open-label design, and lack of a
control group.

5 | CONCLUSIONS

Efficacy shown by FFA in reducing convulsive seizures in our
cohort, if confirmed by future RCTs, might in the near fu-
ture support an indication to use FFA as a first-line treatment
for DS. We emphasize that, although we have reported that
lower doses of FFA were as effective as those used in previous
RCTs, based on clinical improvement we reduced the overall
load of concomitant medications, and no evidence of interac-
tions with valproate emerged; our observations are prelimi-
nary and additional studies are needed to confirm them.

In conclusion, FFA was safe and provided sustained,
clinically meaningful convulsive seizure reduction in this re-
al-world study. Other studies are needed to better establish
the long-term safety and efficacy, and to clarify the response
profile of DS patients to FFA.
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