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Abstract

SCN8A-developmental and epileptic encephalopathy is caused by pathogenic
variants in the SCN8A gene encoding the Na,1.6 sodium channel, and is char-
acterized by intractable multivariate seizures and developmental regression.
Fenfluramine is a repurposed drug with proven antiseizure efficacy in Dravet
syndrome and Lennox-Gastaut syndrome. The effect of fenfluramine treatment
was assessed in a retrospective series of three patients with intractable SCN8A
epilepsy and severe neurodevelopmental comorbidity (n = 2 females; age 2.8
13years; 8-16 prior failed antiseizure medications [ASM]; treatment duration:
0.75-4.2years). In the 6 months prior to receiving fenfluramine, patients experi-
enced multiple seizure types, including generalized tonic-clonic, focal and myo-
clonic seizures, and status epilepticus. Overall seizure reduction was 60%-90%
in the last 3, 6, and 12 months of fenfluramine treatment. Clinically meaningful
improvement was noted in >1 non-seizure comorbidity per patient after fenflu-
ramine, as assessed by physician-ratings of >“Much Improved” on the Clinical
Global Impression of Improvement scale. Improvements included ambulation
in a previously non-ambulant patient and better attention, sleep, and language.
One patient showed mild irritability which resolved; no other treatment-related
adverse events were reported. There were no reports of valvular heart disease
or pulmonary arterial hypertension. Fenfluramine may be a promising ASM for
randomized clinical trials in SCN8A-related disorders.
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INTRODUCTION

1|

SCN8A-related disorders result from pathogenic vari-
ants in the gene on chromosome 12q13.13 that encodes
the alpha subunit of the Na 1.6 sodium channel."* The
phenotypes associated with SCN8A pathogenic variants
range in severity—from benign to severe developmen-
tal and epileptic encephalopathies (DEEs) with seizures
of multiple types.2 Patients experience developmental
delay, intellectual impairment, abnormal neurodevelop-
ment, movement disorders, language impairment, and
sleep problems.' Patients with SCN8A epilepsies are at
an elevated risk of sudden unexpected death in epilepsy
(SUDEP); SUDEP was reported in ~10% of patients with
SCN8A-related disorders in a recent systematic review of
56 studies (N = 235 patients).” Seizures and comorbidi-
ties are persistent and mostly treatment-resistant, despite
polypharmacy.®”’

Studies with the repurposed drug and antiseizure med-
ication (ASM) fenfluramine—a potent serotonin releaser
with positive modulatory activity at Sigma-1 receptors
and agonist activity at 5-HT receptors (5-HT,, with addi-
tional evidence for 5-HT, and 5-HT,)**—have demon-
strated decreased seizure frequency in patients with
DEEs, including Dravet syndrome (DS), Lennox-Gastaut
syndrome (LGS), Sunflower syndrome, and CDKL defi-
ciency disease (CDD).*'%'2 In randomized clinical trials
(RCT) and open-label extension studies (OLEs), fenflur-
amine was effective and well-tolerated, with no observa-
tions of pulmonary arterial hypertension or valvular heart
disease.®!%*2

Here, we present a case series of three patients with
SCN8A-related DEE treated with fenfluramine.

2 | METHODS

Patients in this retrospective case series were being treated
at Ruber Internacional Hospital (Madrid, Spain; n = 2)
or Donostia University Hospital (San Sebastian, Spain;
n = 1). Fenfluramine treatment was initiated by compas-
sionate use in the European Early Access Program or in
one of the phase 3 trials. Data collection and analysis were
approved by the ethics committees in Ruber Internacional
Hospital. Informed consent was obtained for every patient
through their caregivers. Patients were treated with fen-
fluramine at a starting dose of 0.2 mg/kg/day and titrated
to effect. At analysis, monthly seizure frequency during
the 6 months prior to fenfluramine treatment was evalu-
ated. Comorbidities were evaluated qualitatively and with
investigator ratings on the Clinical Global Impression
of Improvement (CGI-I) scale, a 7-point Likert scale.
Echocardiograms were performed at baseline before

treatment with fenfluramine and then every 3-6 months
after fenfluramine therapy was initiated.

3 | RESULTS

The three patients (two females and one male) had ge-
netically confirmed SCN8A pathogenic variants—one
deletion/frameshift mutation (Patient 1) and two mis-
sense point mutations (Patients 2 and 3, with mosaicism
in patient 2; Table 1). Disease durations were 3, 7, and
12years, respectively. Patients had a treatment-resistant
epilepsy, with a history of eight to 16 prior failed ASMs.
The births of all three patients were uncomplicated; they
were developmentally normal or showed mild delay until
seizure onset; Patient 1 developed ventricular dilatation
shortly after birth. All patients exhibited developmental
delay after seizure onset, with an intellectual disability
rating of “severe/very severe.” Patient 1 (age 7.5years at
fenfluramine treatment initiation) developed only syllabic
language skills with regression by age 3years, and had
involution of visual connection (cortical blindness); his
motor impairment was evident in ambulation delay until
4years, with gait instability and truncal ataxia. Patient
2 (age 13years) showed neurodevelopmental slowing
after 12 months. By 24 months she was irritable, impul-
sive, and inattentive. By 24 months, she could speak in
brief sentences and became ambulant, but by age 4 years,
she had regressed to non-verbal and non-ambulant, and
she required full assistance for all activities and trans-
fers. Patient 3 (age 2.6years) showed neurodevelopmen-
tal impairment; she did not achieve new developmental
milestones; and she experienced regression and loss of
cephalic support. Patient 1 harbored a frame shift patho-
genic variant suggesting a possible loss-of-function (LOF)
effect. Meanwhile, Patients 2 and 3 showed a clinical
picture typical for gain-of-function (GOF). Indeed, they
harbored pathogenic variants predicted to have a GOF ef-
fect, although response to sodium channel blockers was
heterogeneous.

Abnormalities on MRIs were evident in two patients.
Patient 1 showed evidence of corpus callosum hypoplasia
with mild cerebral atrophy. Patient 3 showed transient al-
terations in the brainstem, superior cerebellar peduncles,
and basal ganglia 4months after seizure onset, probably
related to vigabatrin treatment. EEGs showed slowing
of background activity in all three patients, with evident
epileptiform activity prior to fenfluramine treatment
(Table 1).

Disease onset occurred between ages 1 and 9 months.
Patient 1 presented at 1 month with tonic seizures (hyper-
tonia/ocular version). New seizure episodes were evident
at lyear of age, focal seizures with impaired awareness
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FIGURE 1 Change in overall seizure > 0
frequency during the last 3-12 mo of §
fenfluramine treatment. *Patient 3 was g
treated with fenfluramine for 9mo, s “259
including 45 days initial titration and §
7.5mo at the target dose (0.7 mg/kg/day). 3
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FIGURE 2
rated CGI-I after fenfluramine. No patient

Change in physician-

was rated as having worsened on the
CGI-I (ratings of 5, 6, or 7). “Patient 2
had regressed to non-ambulant by 4y of

1=Very Much Improved

age (before fenfluramine treatment) and Vit >
i (Clinically meaningful)
became ambulant after fenfluramine
treatment.
3=Minimally Improved—
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[ Patient 1
I Patient 2
Il Patient 3

4=No Change

zonisamide, achieved a marked decrease in seizure num-
ber, with freedom from epileptic spasms and GTCS. Focal
nocturnal seizures and sporadic seizures persisted. During
fenfluramine treatment, her EEG still showed slowing of
background activity, but with absent epileptic activity and
reduced quantity of multifocal spikes. After zonisamide
was added, Patient 3 achieved a marked improvement in
seizures (overall seizure reduction, 60%-90%). Initially,
she experienced a period of 20 consecutive seizure-free
days, then she started to have persistent brief focal sei-
zures (seconds in duration) every 5-7days, as well as spo-
radic tonic seizures. None of the patients had an episode
of status epilepticus after initiating fenfluramine.

Physicians rated all patients as having clinically mean-
ingful improvement in at least one nonseizure comorbid-
ity after fenfluramine treatment (>“Much Improved” on
the CGI-I; Figure 2). Patient 1 demonstrated greater atten-
tion, better sleep, less irritability, and motor improvement.
At Month 10 of fenfluramine treatment, he gained the
ability to walk down stairs for the first time. Patient 2 was
non-ambulatory and non-verbal at baseline. After treat-
ment with fenfluramine, she became ambulatory, showed
a partial improvement in language, and had improved in-
teraction with her environment. Patient 3 showed clini-
cally meaningful improvement in behavior.

Overall

T T T T
Behavior Autonomy Communication Motor Skills®

No patient withdrew, discontinued fenfluramine, or
experienced a dose-limiting treatment-emergent adverse
event (TEAE). No serious adverse events were reported.
Irritability was noted in Patient 2, which spontaneously
resolved over time and was mild in severity. No other
TEAEs were reported. None of the patients developed
pulmonary arterial hypertension or valvular heart
disease.

4 | DISCUSSION

To our knowledge, this case series is the first report of fen-
fluramine use to treat patients with genetically-confirmed
SCN8A-related disorder. Fenfluramine was safe and effec-
tive in all three patients despite prior treatment resistance
(8-16 failed ASMs), particularly when combined with zon-
isamide. All three patients were responders (>50% seizure
reduction), with a median of 87% reduction in seizures
overall in the last 3, 6, and 12months of fenfluramine
treatment. All patients achieved clinically meaningful
improvement on at least one non-seizure comorbidity
(scores of 1 or 2, >Much Improved) on physician-rated
CGI-1, including one previously non-ambulant patient
who became ambulant.
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The unique mechanism of fenfluramine at both sero-
tonergic and SigmalR targets® may support fenfluramine
as an add-on therapy option to achieve clinically mean-
ingful, durable reduction in seizure frequency and comor-
bidity management in patients with SCN8A-epilepsy. In
DEEs with a genetic etiology, the underlying pathology
contributes—at least in part—to comorbidities indepen-
dent of seizure burden, as demonstrated in patients with
SCN8A-associated disease who are cognitively impaired
but do not develop epilepsy.”®* The preliminary observa-
tions in this case series of patients with SCN8A-epilepsy
support further investigation into fenfluramine-mediated
improvement in non-seizure comorbidities. Post-hoc anal-
yses of phase 3 studies in DS and LGS support improved
executive functioning during the relatively short 14 weeks
trial duration, and in longer-term (1 year) OLEs in patients
with DS, suggesting durable improvements.'* Further in-
vestigation is needed to determine whether fenfluramine
treatment can slow or alter the natural history of SCN8A-
epilepsy as a syndromic condition, including amelioration
of the neurodevelopmental delay and regression that lead
to psychomotor, behavioral, language, and intellectual
impairment.

The potent reduction in GTCS in the patients with
SCN8A-DEE in our case series concurs with prior re-
ports.*!® Interestingly, treatment response was homo-
geneous for three patients with different SCN8A-related
disorders: one patient harboring a variant with supposed
loss-of-function effect (Patient 1) and two patients with
likely gain-of-function variants, one of them with a mo-
saicism. The mechanism underlying fenfluramine’s ef-
fectiveness in patients with both types of SCN8A variants
remains to be established, but may be due to enhancement
of inhibitory GABAergic input via activity at serotonergic
and Sigma-1 receptors.® In RCTs and OLEs, fenfluramine
treatment potently and durably reduced convulsive sei-
zure frequency in patients with DS*''2 and GTCS fre-
quency in patients with LGS.*'° High burden of GTCS
places patients at elevated risk of SUDEP."> Preclinical
SUDEP models demonstrated that seizure-induced respi-
ratory arrest following GTCS was reduced after fenflur-
amine administration independently of seizure control,
and was mediated by serotonin receptor subtypes, includ-
ing 5-HT,, which is also implicated in learning and mem-
ory.® Clinical evidence supports a reduction in SUDEP
risk in patients with DS after fenfluramine treatment.'’
Given that SUDEP has been reported in ~10% of patients
with SCN8A epilepsy (although the adult phenotype is
not well-documented yet,® and these patients have a high
burden of GTCS,"*'® and typically have ictal respiratory
impairment, with O, desaturation with cyanosis®) fen-
fluramine may have important implications for lowering
SUDEP risk in patients with SCN8A-epilepsy.

In conclusion, our preliminary results support further
investigation and/or RCTs of fenfluramine in treating
both seizures and non-seizure comorbidities in patients
with SCN8A-related DEE and potentially other DEEs of
genetic etiology, especially syndromes with a high GTCS
burden.
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