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(DS). While fenfluramine (FFA) has demonstrated strong efficacy in DS, its role
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in SCN1A-related epilepsies beyond DS has not been thoroughly investigated.
We conducted a multicenter observational study including 11 patients with
SCN1A-related GEFS+ who received FFA as adjunctive therapy. All patients had
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previously failed to achieve adequate seizure control with valproate and, in most
cases, additional antiseizure medications. FFA was introduced following the DS
titration protocol, with a mean dose of 0.39 mg/kg/day. FFA addition led to a
mean seizure frequency reduction of 91%, with more than half of the patients
achieving complete seizure freedom. Reduced EEG abnormalities were docu-
mented in 5/11 patients of the cohort, including complete normalization in 3/11
patients. Furthermore, subjective caregiver reports indicated perceived improve-
ments in patients’ alertness and behavioral responses. FFA was well tolerated,
with only mild and transient adverse events reported. These findings support
the potential role of FFA as an effective and well-tolerated treatment option in
patients with SCN1A-related GEFS+.

Plain Language Summary: GEFS+ is a genetic epilepsy frequently caused by
changes in the SCN1A gene. In a multicenter real-world study of 11 people with
SCN1A-related GEFS+, adding fenfluramine to usual care substantially reduced
seizures, with several becoming seizure-free. EEG recordings improved, and car-
egivers reported better alertness in some patients. Treatment was generally well
tolerated, with only mild, temporary side effects.

KEYWORDS
evidence, SCN1A
1 | INTRODUCTION

The SCNI1A gene encodes the alpha-1 subunit of the
voltage-gated sodium channel (Navl1.1) and is implicated
in a broad spectrum of epileptic disorders ranging from
febrile seizures to self-limited genetic epilepsy with febrile
seizures plus (GEFS+) and extends to severe developmen-
tal and epileptic encephalopathies, such as Dravet syn-
drome (DS).!

DS typically manifests within the first year of life with
prolonged febrile and afebrile generalized clonic or hemi-
clonic seizures. Between ages 1 and 4years, additional
seizure types, including myoclonic, focal, and atypical ab-
sence seizures, often emerge. Seizures are typically phar-
macoresistant, prolonged, and tend to occur in clusters,
frequently progressing to status epilepticus. Cognitive, be-
havioral, and motor impairments usually become evident
in the second year of life.> SCN1A pathogenic variants are
identified in up to 80% of DS patients.’

GEFS+ was first described in 1997 within large fam-
ilies exhibiting dominant inheritance of febrile seizures.
Affected patients may experience febrile seizures that
occur either before 6 months or after 6years of age, as
well as afebrile generalized or focal seizures even in the
absence of a strong familial history.*

Variants resulting in complete loss of function (LoF),
are more commonly implicated in DS. Conversely, GEFS+

Dravet syndrome, fenfluramine, GEFS+, genotype-phenotype correlation, real-world

Key points

o FFA reduced seizures in SCNI1A-related
GEFS+ across a multicenter real-world cohort.

+ Adjunctive FFA outperformed prior ASMs.

+ Treatment efficacy may correlate with SCN1A-
variant, supporting a genotype-dependent ther-
apeutic effect of FFA.

« FFA achieved clinical benefit at low doses
consistent with labeled ranges in DS routine
treatment.

« FFA was well tolerated with only few and tran-
sient adverse.

is more frequently associated with missense variants that
lead to partial LoF.’

Despite available antiseizure medications (ASMs),
many patients with DS fail to achieve adequate seizure
control. In recent years, fenfluramine (FFA), originally
developed as an anti-obesity drug, has been successfully
repurposed as an ASM. FFA was withdrawn from the mar-
ket in 1997 due to reports of valvular heart disease and
pulmonary arterial hypertension. Low-dose FFA is now
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approved by various regulatory agencies for the treatment
of seizures associated with DS and Lennox-Gastaut syn-
drome (LGS).%’

Experimental studies indicate that FFA exerts its an-
tiseizure effects by enhancing serotonergic transmission
at 5-HT receptors, thereby promoting GABAergic signal-
ling.® Additionally, FFA reduces glutamatergic excitability
through positive modulation of sigma-1 receptors, which
are implicated not only in seizure control but also in the
management of nonseizure comorbidities in epileptic
encephalopathies.’

The efficacy and safety of low-dose FFA in DS have
been demonstrated in two prospective, double-blind,
placebo-controlled trials.'>!" As a result, FFA has been es-
tablished among the preferred second-line therapies in the
treatment algorithm for DS."

Beyond its well-established efficacy in DS, FFA has also
been investigated in other epileptic syndromes, including
LGS, West syndrome, and CDKL5-related epilepsy, though
the therapeutic response appears less pronounced than in
DS. While FFA has shown strong efficacy in DS and en-
couraging results in other epileptic encephalopathies, its
effectiveness in SCN1A-related epilepsies beyond DS has
not yet been evaluated.

2 | METHODS

A multicenter observational investigation was conducted
to assess the efficacy and tolerability of FFA in patients
with SCN1A-related epilepsy not fulfilling criteria for DS.
The study encompassed a consortium of eight specialized
Neurology centers across Italy. Data collection was con-
ducted retrospectively and continued until March 2025.
A standardized case report form was used to collect an-
onymized clinical, instrumental, and genetic data from
both inpatient and outpatient medical records. A mini-
mum follow-up duration of 6 months after FFA initia-
tion was required for inclusion in the analysis, in order to
evaluate outcomes beyond titration and reduce short-term
variability in seizure and EEG measures.

Demographic variables, including age and gender,
were recorded for all patients. Baseline seizure frequency
was collected from caregiver seizure diaries. Seizure types
were classified in accordance with the International
League Against Epilepsy (ILAE) operational classification
system."? Genetic variants were reported following the
guidelines of the American College of Medical Genetics
and Genomics (ACMG). The analysis also included a re-
view of electroencephalographic (EEG) findings before
and after FFA initiation.

Descriptive statistical methods were applied to summa-
rize demographic and clinical characteristics. Continuous

variables were reported as means and ranges, while cate-
gorical variables were expressed as absolute numbers and
percentages.

SCNIA missense variants were categorized based on
their localization within the Navl.1 protein and the local
density of previously reported variants, following the
methodology proposed by Gallagher et al.” Based on vari-
ant frequency ratios, three categories were established: A
(variant-sparse regions), B (normal-density regions), and
C (variant-dense regions).

Nonparametric statistical tests were employed to inves-
tigate potential associations between variant localization
and clinical severity. Differences in age at seizure onset
and seizure frequency across variant groups were assessed
using the Kruskal-Wallis H test. For post hoc comparisons
between groups, the Mann-Whitney U test was applied.
Statistical significance was set at p<0.05. Analyses were
performed using Python (v.3.10).

3 | RESULTS

A total of 11 patients (7 females and 4 males) with SCN1A-
related GEFS+ were included (Table 1).

The mean age at seizure onset was 7.2months
[4-15months]. The baseline seizure frequency prior to
FFA initiation ranged from one seizure every 2months
to several seizures per week. The clinical presentation of
seizures in the cohort was heterogeneous, with a predom-
inance of generalized motor seizures across most patients.
Specifically, 9 out of 11 patients (82%) experienced gener-
alized tonic-clonic or clonic seizures. Focal seizures were
also commonly observed, occurring in six patients (55%).
Absence seizures were reported in one patient, while sta-
tus epilepticus was documented in another patient. Febrile
seizures were recorded in 8 of 11 patients.

All patients carried missense variants, with the ex-
ception of Patient 2, who harbored a nonsense variant,
and Patient 7, who carried a noncoding intronic variant.
Statistical analysis did not reveal significant differences
among gene variant groups in terms of age at seizure onset
(p=0.124) or seizure frequency (p =0.119). However, pair-
wise comparisons revealed a trend toward significance in
age at seizure onset, with lower values observed in variant
C compared to variant A (median onset: 5 vs. 13months,
p=0.076). Also, in terms of seizure frequency, patients
carrying variant C showed a higher seizure burden com-
pared to those with variants in groups A and B (p =0.059),
again suggesting a trend toward more severe phenotypes
in functionally enriched regions (Figure 1).

At FFA onset, all patients were treated with VPA and
7 out of 11 cases with more than one drug without com-
plete seizure control. FFA was introduced at a mean age of

858017 SUOWILLIOD A 111D 3|qeo![dde 8Ly Aq peusenob afe ajole YO 88N JO S3INJ 0§ Akeiq18UIIUO /8|1 UO (SUORIPUOD-PUR-SLLIBYLI0D"AB | 1M ARIq U1 [UO//SdNL) SUORIPUOD PUe SWe | 8U}8eS *[9202/80/90] UO AkiqiTauljuo A8|IM BWeXsIS azueliH 1A eIsIBAIuN Ad 28T0L t1de/200T 0T/I0p/W0D A8 | im AzeIq1jpuljuo//:Sciy oy pepeoiumoq ‘Z ‘9202 ‘6E260L12



24709239, 2026, 2, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1002/epi4.70187 by Universita Di Firenze Sistema, Wiley Online Library on [06/08/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

DELL'ISOLA ET AL.

Epilepsia Open®

622

pen Access

SINZIAS
3[1qa) Jo
K031y
I_YION

ON

ON

ON

ON

Axoysry
Aprureg

daays pue
SSAUISMOIP UT
sanIEULIOUqe
[800j 10113)s0d
Jo udysistad
‘DFF-Yem Jo
UONeZI[BUWLION

VN

(fewiou) oN

ssau[njaeMm
Ul SOABM.

MO[Ss Jo s)sInq
pazierauad

Jo uononpay
ssaunjayem ur
sanIeuLIouqe
Jousysod

Mofs Jo

ouereaddesiq

uonezIeWION

uoneZI[eUION

Vvdd isod
safueyd HIg

daas

PUE SSOUISMOIP
Surmp suni yauq
aemSue/dreys yim
‘SanI[eULIOUqE
wopndapids
PazI[eIaUID

VN

[ewLION

SOABM
eja1]) ‘aferjoa-mop
‘paziferauad

JO s)sInq drey

sapiewLIOUqR
Jouaisod mofs

‘[eroreng

saneuLIoUqe
SAABM BI[3D/EIDY)
[e10dwa)-0juoi]

saSreyasip
anem-ayids Isey

pazIeIauan

Vdd 2ad oga

ON

ON

syoadse 10jow

Jojuswasodwy

uoisuadsns
AL s
paajosar ‘Ayyede
plIw [eniug

ON

ON

Asmo1p

SS9 ‘9AOR JION.

saSueyd
aanrusod
/reIoATyag

ON

ON

ON

uonodnpax
anadde prru
Arerodwa],

ON

ON

ON

$199J39 IPIS

ON

ON

ON

syIuow 9 1918
uonejuswdne

VdA uayy
‘uorsuadsns

[enpeid SLH

syjuou 6 1a)e

papuadsns VA

ON

uonoNpaI 410

vdd sod
suonEsyIpour
NSV

(a111995
AJuo ‘1eak

/1<) %SL

%SL~-0S

(1appiw
pue 19310ys
‘uonenn
Vad Suump
2INZIa3s
2[1qd)

1) %001

(Aryyuour)
%SL

(syruowrg
£19A3 21NZ138

1) %06

(uopeinp
IapI0ys
‘syqpuow g
£19A9 21nZ198

1) %06

(9315 21nzpas
sqIuouw L)
%00T

VdAd s
Adouanbaxy
2INZIas ur
uonINpax

9feroay

9sT  /BwLo

8y
¥6  /Bupo

8y
9 /Bugo

8y
€81 /BWeE0

8y
FXASE VA

B

e [Bwozo

(Buigr

xeur) 8y

L [Bugro

(sypuour) Aep

uonemp 1ad asop

JusTILIT} vad
viad

6°¢

£

61

9

9T

9L

(sxeak)
uopenul
vdd

e a8y

d1S ‘41D
‘AdTdd

AFT
‘(eaperofad)
74D 'SO1

OLT ADT

JuauEIN)
papuadsns
vad-adad

‘JuauIean) V.1 0} asuodsar pue sonsLIdjoeIeyd juened jo Arewrwing

VdA

VdA

VdA
‘410 ‘dLS

SLE ‘agd
‘AL ‘VdA

VdA

471 ‘VdA

4710 ‘'VdA

JudUIILIL}
SuroSuo
vdd-Tdd

$aInZ1as

10J0WUOU [€90]

‘SQINZIAS 10jOUT

890J ‘SAINZIAS
2IU0[O-01U0}
paziferauad
a[uqage

pue A[1IGa

SaInzras

R RERIL]
paziferauad
puE JIUOIWS
a[uqaze

Ppue J[Hqa4

I0A9f
£q para8Sin
‘paguojord
UIAD SINZIAS
10j0U [£90]

‘Quuopruy

S9INZIAS XA[JaI

paonpur 1ajem

-p[od pue j0y 10

suzaned JySi
£q para88iny
SAUWIIIWOS
‘saInzias
OIUO[O-01U0}

pozi[eIousD

saInzios
OIU0[O-01U0}
paziferauad

o[Lgad

saInzas
10j0UI S[LIQ3E
pu a[11qay
‘pazijerauad
PUE [90,]

saInzras
JIUO[O-0TU0)
paziferauad
o[uqaye

pue a[11q2.1

ad£y aanzrag

qruowr/ 1<

quow/1<

Aquopy

Apieam

Apeam

(puow
12d p—¢)
quow/1<

(1eak 10d
8-9) Ivak/T<

Aouanbaxy

aInzies

(sypuour)
JasU0
2Inzias

e a8y

ON

SIN

SIN

SIN

SIN

SN

SIN

adky
Juepes

oAoU Ap

‘V<LS-LY6TD

(Brvrezraes)d
V<LEBYED

(BrypreTnat)d
‘D<LIL6ED

0AOU dp
BrvisL1419)d
V<9095

oAoU dp
s1508£z01919
(uroLerN)d

O<LLT6Td

s1508£z019397]
(10rz16181v)d
L<DYELS™D

s15094z019)97]
[euIdRW
“(dr198181v)d
‘L<DI85S"

JueLeA
anpuay

W

WNOoV L
WNov 9
WNov S
DO1 14
0440 €
AS-SODAUT T
ANSI T
REILIER] juaned
Tendson
I d4719dVL



24709239, 2026, 2, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1002/epi4.70187 by Universita Di Firenze Sistema, Wiley Online Library on [06/08/2026]. See the Terms and Conditions (https:/onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

623

Epilepsia Open®

DELL'ISOLA ET AL.

Open Access

saINZIos
Qoudsqe
P
Tayreypueid
[euIa R
‘$3INZ38
[1IQa) Y
1o1301q

pue 1ayyey
‘IO

ON

ON

ON

Axoysty
Aprure g

(jewiou) oN

(rewiou) oN

(rewiou) oN

VN

vad isod
safueyd ogg

[ewwION

[eWLION.

TeuLION

uoneuaAadAYy
£q pasuequa
‘sysInq
uopdayida
/MOIS PIZI[BISUSD

Vdd 2xd oga

ON

ON

ON

juspuadapur
‘Kroyedmonied
QATIO® IO

saSueyd
aanmudoo

/Texomaryag

ON

ON

ON

daars
Jo Suruasiom

PI'IN

399539 3pIS

(9317 21nz108
SYIUOW §*0T)
ON %001

(9313 a1nz1as
SYIUOW §°07)
ON %00T

(931 21nz108
s1eak7)

%001 Ut}

ON  %SL Ajreniur

(9313 a1nz1as

syjuom9)

ON %00T

vdd 1sod VA yHm
SuoneIYTpoOwr Aouanbaxy
NSV 2INZIds ul
uonINpax

oferoay

*9PIWESIUOZ ‘SN'Z ‘PIoe o1oxd(ea ‘VJA orewenrdo) ‘WL ‘[oruaduns ‘d1s ‘(Areir
‘e1osaIq) erosarg Ip IIALD 1[epads ‘gD (AeI ‘ewoy) I[[oWSD ounsody OLEBISISAIUN 0dIUIPIOd “DVNd ‘Teiqreqousyd ‘gd {(A[el] ‘ewoy) nsoD ulquieq 0dLIBIPd A[epadsQ ‘DdFO0 {WEIAIBINOAI] ‘AHT OPIWIESOIE]
DT ‘(A8 “euSojog) BuSo[og Ip SYIIS0[0INAN ZUSIIS ([P 0IMNS] ‘GNSI ‘eWoy d[eepyey ues SOOI “US-SODUT (A1) ‘Oue[IA) BIsag o[1eD) 0d130[01naN 03NS ‘GONI (A[€1] ‘BAOUSD) TUI[SBD) BUIUURLD 0JNINS]
‘00 ‘snid sa1nz1as a[11qad YNm Asdaqidg onousn ‘“+SJHO OPIwIoINsoId ‘S {wezeqod ‘g1 durdozewreqied ‘g Toipiqeuued ‘qg) (A[ei] ‘9zuail) I0A3JA BLIR)ISIOAIU BISI[EPIdSO BPUSIZY ‘INNOV SUONBIARIGQY

soInzros

Jouasqe

‘saInzias

I0j0W [LIQaFE

8 pue 2[11qdy

S0T /3w 68 / SIA ‘VdA pazijerausn

*S2INZIAS

I10j0UI A[LIGATE

PUE 3[11q2)

pazierauad

‘snondayida

smeys

3 QAIS[NAUOD

s'0c /Buzo €T / VdA QMg

$21NZ13S [290]

pu a[11qdy

‘$31NZ[3S OIUO[D

3 10 JIUO[I-JIUO}

ss /Buto 14 AdT VdA pazjerauap

uonezieIauagd

Arepuodas

)M SIINZIAS

10j0W [90]

J[11qaye uay)

3 WOT ‘Teak T 0uIs

L [Bwizo 61 ‘AIT'ATO VdA ‘NdL  2InZIds 9[Lqa]

(sypuour) Aep (sxeak) JUdUNBAI]  JUIUIBII) ELINERLVAETY
uonemp J1adasop uwopenmur  papuadsns SuroSuo
juauneasy viad vda vid-adad VdI-Tdd

vad e ady

quow/1<

uow/T<

Arpuow

Yoom/T<

AKouanbaxy
2Inzieg

ST

4t

(syjuour)
josuU0
2anz1as
1e a8y

(usy.1981v)d
‘LVsuIvo
SIN -[PPTIS8T 0S8TD ES

s15084z01919
(s£D1€631v)d
SIN ‘L<OT6LTD 4t

s1508£z019391
(s£0965181v)d
SIN ‘L<D98LY"d ES

oAou ap
‘s1s08£zo1a1ay
(1h1zgedsy)d

SIN ‘L<OYPIT q

2dfy

JuRLEA

JjuelEA X3S
anpuay

(panunuo))

a0s 11
a0s (8
ovnd 6
GONI 8
IJUD judaned
Teddsoy
T dT4dV.L



DELL'ISOLA ET AL.

&I_Epilepsia Open® -
pen \CCcess

Age at Seizure Onset by Gene Variant

T

|

[}
o

[
N

=
o

[ee]

Age at Onset (months)

I

i
4

Gene Variant

FIGURE 1

Seizure Frequency

Seizure Frequency by Gene Variant

B
o

w
u

w
o

N
o

=
Ul

(1 = Every 2 months, 4 = Multiple per week)
N
(9]

1

A B C

Gene Variant

=
o

Boxplots showing the distribution of (left) age at seizure onset and (right) seizure frequency across missense variant

categories. Missense variants were grouped based on their localization within the protein according to the local variant density (Variant A:

sparse regions; Variant B: normal density; Variant C: variant-dense regions) according to Gallagher et al.’ Seizure frequency was ordinally

encoded (1 = every 2 months, 2 = monthly or more than once per month, 3 = weekly, 4 = more than once per week).

p.(Met976Thr)

p.(Arg617Asn)
p.(Ser1231Arg)

NH,

p.(Arg931Cys)

p.(Asp382Tyr) p.(Leu1324Arg)

8.9years [2-19years] as an adjunct to ongoing ASM, fol-
lowing DS titration protocol. The mean FFA dosage was
0.39mg/kg/day [0.2-0.7 mg/kg/day].

FFA resulted in an overall mean reduction of sei-
zure frequency by 91%, with more than half (6/11) of
the patients achieving complete seizure resolution.
Furthermore, in 2 patients, the addition of FFA allowed
for ASM tapering, with one patient discontinuing other
ASMs and maintaining FFA as monotherapy. EEG fol-
low-up was available for nine patients. Of these, five
exhibited significant improvement in EEG abnormal-
ities or complete normalization. According to parental
report, besides improvements in seizure frequency, FFA
was associated with enhanced alertness and behavioral
responses in 3/11 patients.

p.(Gly1754Arg) FIGURE 2 Mapping of SCN1A

variants in the cohort, highlighting the
p.(Arg1912Ter) locations of variants within the channel
structure.

*== COOH

p.(Arg1596Cys)

p.(Arg1861Trp)

At the last follow-up, the mean duration of ongoing
FFA therapy was 18.2months [6months-4.5years]. All
patients continued FFA treatment, with no major adverse
effects reported. Two patients experienced mild side ef-
fects, including transient appetite reduction and mild
sleep disturbances.

4 | DISCUSSION

In this study, FFA demonstrated remarkable efficacy,
leading to a significant reduction in seizure frequency
across the entire cohort, with over half of the patients
achieving complete seizure freedom. FFA demonstrated
clinical efficacy across the full spectrum of seizure types.
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This observation suggests that in SCN1A-related epilepsy
the therapeutic benefit of FFA may extend beyond
seizure classification and is effective irrespective of the
epilepsy phenotype, independent of fever sensitivity. Our
population exclusively comprised patients diagnosed with
GEFS+ who were either nonresponsive to valproate alone
or associated with other ASMs. This finding suggests that
GEFS+ with SCN1A variants, may represent a distinct,
moderately severe subgroup that is particularly responsive
to FFA.

Beyond seizure reduction, FFA also led to significant
improvements in EEG findings in 5/11 patients, with half
of them achieving complete normalization of EEG activ-
ity, both during wakefulness and sleep.

According to caregiver reports, one-quarter of the
whole cohort exhibited positive alertness and behavioral
changes, a finding that is consistent with previous reports
suggesting that FFA may exert additional benefits beyond
seizure control. It remains uncertain to what extent the
observed improvement is driven by seizure control alone
or whether it also reflects a direct effect of FFA. However,
these results highlight the potential broader impact of FFA
on the neurobehavioral aspects of epilepsy syndromes as-
sociated with SCN1A variants.

Consistent with current evidence, 9/11 patients in our
cohort carried missense variants. Nonsense variants are
typically associated with severe LoF and more severe phe-
notypes, such as DS. However, in one of our patients, a
nonsense variant was located in the C-terminal region of
the channel (Figure 2). This finding supports the hypothe-
sis that truncating distal mutations occurring at the end of
exon 26 are associated with a milder phenotype, likely due
to reduced efficiency of the nonsense-mediated mRNA
decay pathway.” SCN1A missense variants tend to cluster
in more central regions of the protein, particularly within
the voltage sensor segment (S4) and the pore-forming
domains (S5-S6). Variants located in these functional re-
gions are more frequently associated with complete LoF
and more severe phenotypes.'* A recent study shows that
DS-associated variants are more commonly found in func-
tional domains such as the N-terminus, S4, S4-S5 linker,
S5, S5-S6, and S6, while GEFS+ variants are often located
in functionally less important regions like the N-terminus,
S3-S4 linker, and the interdomain linkers D1-D2 and
D2-D3.° In our cohort, missense variants showed wide
variability in localization, occurring in both central and
peripheral regions (Figure 2). However, although not sta-
tistically significant, likely due to the small sample size,
our results show that in patients with GEFS+ missense
variants located in functionally important regions were
associated with a trend toward an earlier age at epilepsy
onset and higher seizure frequency (Figure 1). A good
clinical response to FFA was observed across all variant

groups, suggesting that its efficacy is independent of the
functional consequences of the underlying variant.

Although GEFS+ is classified as a self-limited epi-
lepsy syndrome,® some patients are pharmacoresistant.
This variability in clinical presentation has prompted our
interest in exploring therapeutic options for those with
drug-resistant forms of epilepsy, given the strong evidence
supporting the role of FFA in SCNIA variants with DS
phenotype.

Our results suggest that in the GEFS+ population,
seizure freedom could be achieved also at lower FFA
dosages with respect to DS. Unlike in DS, where higher
doses (0.7mg/kg/day) have been associated with greater
efficacy,'® we observed that a mean dose of 0.39mg/kg/
day was effective in reducing seizure frequency and EEG
abnormalities. In terms of safety, FFA maintained a favor-
able profile across the cohort.

Our study also provides insights into the potential
mechanisms of action underlying FFA's therapeutic ef-
fects. Previous studies have demonstrated the efficacy of
FFA in patients with DS and other epilepsy syndromes,
but the underlying reasons for the differences in response
across these syndromes remain unclear. In DS, FFA has
been shown to be widely effective, likely due to the ho-
mogeneity of the patient population, most of whom carry
SCN1A pathogenic variants. By analogy, our intention
with this study was to test FFA efficacy in SCN1A-related
GEFS+, in which the functional effects of the causative
SCNIA variants may explain a greater clinical response to
FFA than to other ASMs.

Despite the small sample size, this study expands the
potential therapeutic spectrum of FFA and raises im-
portant questions regarding the underlying mechanisms
driving its efficacy in SCN1A-related epilepsies. Further
research is needed to confirm these findings in larger co-
horts and optimize patient selection criteria.

AUTHOR CONTRIBUTIONS

Conceptualization: FV and LG. Methodology and Clinical
Case Management: GBD, AM, LG, RG, AB, NP, MP, FB,
FR, AR, PS, DIB, FV. Writing—original draft prepara-
tion: GBD and AM. Writing—review and editing: GBD,
AM, LG, RG, AB, NP, MP, FB, FR, AR, PS, DIB, FV.
Supervision: GBD and FV. All authors have read and
agreed to the published version of the manuscript.

FUNDING INFORMATION
This work was supported by funding from the Italian
Ministry of Health [Ricerca corrente].

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest related to
the contents of this study. All the authors have read the

858017 SUOWILLIOD A 111D 3|qeo![dde 8Ly Aq peusenob afe ajole YO 88N JO S3INJ 0§ Akeiq18UIIUO /8|1 UO (SUORIPUOD-PUR-SLLIBYLI0D"AB | 1M ARIq U1 [UO//SdNL) SUORIPUOD PUe SWe | 8U}8eS *[9202/80/90] UO AkiqiTauljuo A8|IM BWeXsIS azueliH 1A eIsIBAIuN Ad 28T0L t1de/200T 0T/I0p/W0D A8 | im AzeIq1jpuljuo//:Sciy oy pepeoiumoq ‘Z ‘9202 ‘6E260L12



o2 | Epilepsia Open®

DELL'ISOLA ET AL.

Journal's position on issues involved in ethical publication
and affirm that this report is consistent with those
guidelines.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are
available on request from the corresponding author. The
data are not publicly available due to privacy or ethical
restrictions.

ETHICS STATEMENT

This study was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from the legal guardians of all participants
involved in the study. To ensure the protection of our
patients’ privacy, all personal identifiers were removed
from the study data.

ORCID
Alice Muda ‘© https://orcid.org/0009-0002-3401-6994
Francesca Bisulli © https://orcid.

org/0000-0002-1109-7296
Pasquale Striano © https://orcid.
org/0000-0002-6065-1476

REFERENCES

1. Scheffer IE, Nabbout R. SCN1A-related phenotypes: epilepsy
and beyond. Epilepsia. 2019;60(Suppl 3):S17-S24. https://doi.
org/10.1111/epi.16386

2. Dravet C. The core Dravet syndrome phenotype. Epilepsia.
2011;52(Suppl 2):3-9. https://doi.org/10.1111/j.1528-1167.2011.
02994.x

3. Marini C, Scheffer IE, Nabbout R, Suls A, De Jonghe P, Zara F,
et al. The genetics of Dravet syndrome. Epilepsia. 2011;52(Suppl
2):24-9. https://doi.org/10.1111/j.1528-1167.2011.02997.x

4. Zuberi SM, Wirrell E, Yozawitz E, Wilmshurst JM, Specchio
N, Riney K, et al. ILAE classification and definition of epi-
lepsy syndromes with onset in neonates and infants: position
statement by the ILAE task force on nosology and definitions.
Epilepsia. 2022;63:1349-97. https://doi.org/10.1111/epi.17239

5. Gallagher D, Pérez-Palma E, Bruenger T, Ghanty I, Brilstra
E, Ceulemans B, et al. Genotype-phenotype associations in
1018 individuals with SCN1A-related epilepsies. Epilepsia.
2024;65:1046-59. https://doi.org/10.1111/epi.17882

6. Dini G, Tulli E, Dell'Isola GB, Mencaroni E, Di Cara G, Striano
P, et al. Improving therapy of Pharmacoresistant epilepsies: the
role of fenfluramine. Front Pharmacol. 2022;13:832929. https://
doi.org/10.3389/fphar.2022.832929

10.

11.

12.

13.

14.

Connolly HM, Crary JL, McGoon MD, Hensrud DD, Edwards
BS, Edwards WD, et al. Valvular heart disease associated with
fenfluramine-phentermine. N Engl J Med. 1997;337:581-8.
https://doi.org/10.1056/NEJM199708283370901

Fuller RW, Snoddy HD, Robertson DW. Mechanisms of effects
of d-fenfluramine on brain serotonin metabolism in rats: up-
take inhibition versus release. Pharmacol Biochem Behav.
1988;30:715-21. https://doi.org/10.1016/0091-3057(88)90089-5
Martin P, Reeder T, Sourbron J, de Witte PAM, Gammaitoni AR,
Galer BS. An emerging role for Sigma-1 receptors in the treat-
ment of developmental and epileptic encephalopathies. Int J
Mol Sci. 2021;22:8416. https://doi.org/10.3390/ijms22168416
Lagae L, Sullivan J, Knupp K, Laux L, Polster T, Nikanorova M,
et al. Fenfluramine hydrochloride for the treatment of seizures
in Dravet syndrome: a randomised, double-blind, placebo-
controlled trial. Lancet. 2019;394:2243-54. https://doi.org/10.
1016/S0140-6736(19)32500-0

Nabbout R, Mistry A, Zuberi S, Villeneuve N, Gil-Nagel A,
Sanchez-Carpintero R, et al. Fenfluramine for treatment-
resistant seizures in patients with Dravet syndrome receiving
stiripentol-inclusive regimens: a randomized clinical trial.
JAMA Neurol. 2020;77:300-8. https://doi.org/10.1001/jaman
eurol.2019.4113

Wirrell EC, Hood V, Knupp KG, Meskis MA, Nabbout R,
Scheffer IE, et al. International consensus on diagnosis and
management of Dravet syndrome. Epilepsia. 2022;63:1761-77.
https://doi.org/10.1111/epi.17274

Scheffer IE, Berkovic S, Capovilla G, Connolly MB, French J,
Guilhoto L, et al. ILAE classification of the epilepsies: posi-
tion paper of the ILAE Commission for Classification and
Terminology. Epilepsia. 2017;58:512-21. https://doi.org/10.
1111/epi.13709

Meng H, Xu HQ, Yu L, Lin G-W, He N, Su T, et al. The SCN1A
mutation database: updating information and analysis of the
relationships among genotype, functional alteration, and phe-
notype. Hum Mutat. 2015;36:573-80. https://doi.org/10.1002/
humu.22782

How to cite this article: Dell’Isola GB, Muda A,
Giordano L, Guerrini R, Boncristiano A, Pietrafusa
N, et al. Fenfluramine in SCN1A-related GEFS+: A
multicenter observational study on efficacy, EEG
improvement, and tolerability. Epilepsia Open.
2026;11:619-626. https://doi.org/10.1002/epi4.70187

858017 SUOWILLIOD A 111D 3|qeo![dde 8Ly Aq peusenob afe ajole YO 88N JO S3INJ 0§ Akeiq18UIIUO /8|1 UO (SUORIPUOD-PUR-SLLIBYLI0D"AB | 1M ARIq U1 [UO//SdNL) SUORIPUOD PUe SWe | 8U}8eS *[9202/80/90] UO AkiqiTauljuo A8|IM BWeXsIS azueliH 1A eIsIBAIuN Ad 28T0L t1de/200T 0T/I0p/W0D A8 | im AzeIq1jpuljuo//:Sciy oy pepeoiumoq ‘Z ‘9202 ‘6E260L12


https://orcid.org/0009-0002-3401-6994
https://orcid.org/0009-0002-3401-6994
https://orcid.org/0000-0002-1109-7296
https://orcid.org/0000-0002-1109-7296
https://orcid.org/0000-0002-1109-7296
https://orcid.org/0000-0002-6065-1476
https://orcid.org/0000-0002-6065-1476
https://orcid.org/0000-0002-6065-1476
https://doi.org/10.1111/epi.16386
https://doi.org/10.1111/epi.16386
https://doi.org/10.1111/j.1528-1167.2011.02994.x
https://doi.org/10.1111/j.1528-1167.2011.02994.x
https://doi.org/10.1111/j.1528-1167.2011.02997.x
https://doi.org/10.1111/epi.17239
https://doi.org/10.1111/epi.17882
https://doi.org/10.3389/fphar.2022.832929
https://doi.org/10.3389/fphar.2022.832929
https://doi.org/10.1056/NEJM199708283370901
https://doi.org/10.1016/0091-3057(88)90089-5
https://doi.org/10.3390/ijms22168416
https://doi.org/10.1016/S0140-6736(19)32500-0
https://doi.org/10.1016/S0140-6736(19)32500-0
https://doi.org/10.1001/jamaneurol.2019.4113
https://doi.org/10.1001/jamaneurol.2019.4113
https://doi.org/10.1111/epi.17274
https://doi.org/10.1111/epi.13709
https://doi.org/10.1111/epi.13709
https://doi.org/10.1002/humu.22782
https://doi.org/10.1002/humu.22782
https://doi.org/10.1002/epi4.70187

	Fenfluramine in SCN1A-related GEFS+: A multicenter observational study on efficacy, EEG improvement, and tolerability
	Abstract
	1  |  INTRODUCTION
	2  |  METHODS
	3  |  RESULTS
	4  |  DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES


