Ubersichten

Clinical Epileptology

Clin Epileptol 2024 - 37:68-78
https://doi.org/10.1007/510309-023-00646-5
Accepted: 15 November 2023

Published online: 3 January 2024

© The Author(s) 2024

®

Check for
updates

Fenfluramine in clinical practice:
new therapy option for Dravet
and Lennox-Gastaut syndromes

Hiltrud Muhle'? - Gerhard Kurlemann® - Irene Lehmann' - Hajo Hamer* -
Thomas Mayer® - Heidrun Potschka® - Susanne Schubert-Bast’® - Adam Strzelczyk® -

9,10

Milka Pringsheim

' Department of Neuropediatrics, University Hospital Schleswig-Holstein, Christian-Albrechts-University,
Kiel, Germany; 2Department of Neuropediatrics, KIJU I, University Hospital Schleswig-Holstein (UKSH),
Kiel, Germany; *Bonifatius Hospital, Lingen, Germany; *Epilepsy Center, Department of Neurology,
University Hospital Erlangen, Friedrich-Alexander-University Erlangen-Niirnberg, Erlangen, Germany;
*Epilepsy Center Kleinwachau, Dresden-Radeberg, Germany; °Institute of Pharmacology, Toxicology, and
Pharmacy, Ludwig-Maximilians-University, Munich, Germany; ’Department of Neuropediatrics, Goethe-
University Frankfurt, Frankfurt am Main, Germany; ®Epilepsy Center Frankfurt Rhine-Main and
Department of Neurology, University Hospital and Goethe-University Frankfurt, Frankfurt am Main,
Germany; °Department of Pediatric Cardiology, German Heart Centre Munich, Munich, Germany;

" Pediatric Neurology, Schon Klinik Vogtareuth, Vogtareuth, Germany

Abstract

Supplementary Information

The online version of this article (https://
doi.org/10.1007/510309-023-00646-5)
contains supplementary material, which is
available to authorized users.

The authors Adam Strzelczyk and Milka Pring-
sheim contributed equally to the manuscript.

Supplementary material online—scan QR code

68  Clinical Epileptology 1- 2024

adjustments during the titration phase.
Keywords

interactions

Fenfluramine is an antiseizure medication for the treatment of Dravet and
Lennox—Gastaut syndromes. This review summarizes the literature on the efficacy and
tolerability of fenfluramine and presents recommendations for practical therapeutic
management. With regular monitoring, this medication is generally well tolerated and
to date has shown no cardiac side effects such as valve insufficiency or pulmonary
hypertension in the clinical development program. However, children may experience
a loss of appetite and should be closely monitored for weight loss, and sedation was
observed in several overweight patients due to rapid dosage titration; therefore,

a slower dosage increase than recommended might be needed for children and
adults. Drug interactions should be considered before and during therapy, and dosage
reductions are necessary when the medication is used in combination with stiripentol.
Furthermore, bromide levels could increase with this medication. Contact with the
patient or their relatives is important to determine the general state of health, potential
movement disturbances, and seizure frequency so as to allow for timely dosage

Developmental and epileptic encephalopathy - Epilepsy - Anti-seizure medication - Drug

Dravet syndrome (DS) and Lennox-Gas-
taut (LGS) syndrome are characterized
by severe epilepsy that begins in early
childhood and is often therapy-resistant.
The two syndromes present with multiple
seizure semiologies and are associated
with marked cognitive decline, motor im-
pairment, and behavioral problems [1-5].
In addition, they are associated with anin-
creased risk of sudden unexpected death
in epilepsy and with a high burden-of-

iliness for patients and their caregivers
[6-9].

Fenfluramine (FFA; brand name Fin-
tepla®; Zogenix, Inc., San Diego, CA, USA)
was designated an orphan medicine by
the European Medicines Agency (EMA)
and was recently licensed as an adjunctive
treatment for epileptic seizures in patients
with DS and LGS who are over 2 years of
age [10, 11]. This drug should be initi-
ated and supervised by physicians with
experience in the treatment of epilepsy


https://doi.org/10.1007/s10309-023-00646-5
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Fig. 1 A a Circulation of serotonin in the synaptic cleft of the nerve cell.b The serotonergic system with its connections
from the raphe nuclei to the thalamus, hypothalamus, cortex, and cerebellum. Trp tryptophan, 5-HT 5-hydroxy-tryptamine
(serotonin), 5-HTP 5-hydroxytryptophan, 5-HTR 5-hydroxy-tryptamine receptor (serotonin receptor), MAO monoamine
oxidase, SERT serotonin transporter. (Modified from https://commons.wikimedia.org/wiki/File:Serotonergic_neurons.svg
and https://commons.wikimedia.org/wiki/File:5-HT_Neuron.svg#/media/Datei:5-HT_Neuron.svg)

and prescribed and dispensed in accor-
dance with a controlled access program.
For example, in Germany, the prescribing
practitioner must be certified by an ap-
propriate training program before provid-
ing their first FFA prescription, after which
the practitioner is assigned a unique pre-
scriber ID that is to be included on all
future Fintepla® prescriptions. This risk
management plan aims to ensure appro-
priate cardiac monitoring and to prevent
off-label use of this medication for weight
management purposes.

Fenfluramine was first licensed in
the 1960s as an appetite suppressant
for the treatment of obesity in adults.
The monoamine oxidase (MAO) inhibitor
phentermine was found to strengthen
this effect, and the resultant “Fen-Phen”
combination was marketed as a “wonder
pill” From its introduction until 1997, ap-
proximately 4.7 million people used this
medication. The recommended dose of
30mg/day (FFA-hydrochloride) for obe-
sity treatment was often exceeded, with
doses up to 60-120mg commonly re-
ported, which was 2—4 times higher than
the recommended maximum dose for
epilepsy treatment of 26 mg/day (FFA). In
the 1990s, cases of mitral valve pathology
and pulmonary hypertension occurred
due to high doses of FFA in prepara-
tions and combinations such as Fen-Phen,

which led to an FDA appeal. In July
1997, 144 cases of cardio-pulmonary side
effects were reported over a short pe-
riod [12, 13], leading to withdrawal from
the market. Follow-up studies showed
a clear correlation between the occur-
rence of valvulopathy and the dosage and
duration of treatment with FFA in 5473
individuals [14]. Only a small portion of
patients experienced a regression of these
changes after discontinuing FFA [15].

Mechanism of antiseizure effect

Fenfluramineis derived from amphetamine,
which modulates serotonergic neurotrans-
mission, and as a result, it produces an
overall increase in serotonin levels in
the synaptic cleft by increasing central
serotonin release and simultaneously re-
ducing presynaptic serotonin reuptake
[16, 17]. Fenfluramine acts directly on
the serotonin receptors (HTR) including
5-HTip and 5-HTxc receptors through its
main metabolite, norfenfluramine, and
seems to additionally target the sigma-1
receptor, which belongs to a group of
chaperone proteins.  Upon activation,
the sigma-1 receptor modulates various
voltage-gated ion channels and neuro-
transmitter receptors, which influence
excitatory and inhibitory neurotransmis-
sion [16]. The synthesis, release, reuptake,

and metabolism of serotonin in the ner-
vous system is illustrated in @ Fig. 1, along
with the connections of the serotonergic
system in the central nervous system.
Fenfluramine is administered orally, is fat-
soluble, and has a bioavailability which is
not influenced by nutrition. A steady state
is usually reached after 4 days and the
plasma-elimination half-life is 20h, with
primarily renal elimination. The FFA so-
lution contains 0.627 mg/mL corn-based
glucose.

Evidence of efficacy of FFA for the
treatment of seizures

Antiseizure effects were first noted in a re-
port by Aicardi and Gastaut [18] in which
FFA was used as an amphetamine-like
derivative to treat psychosis and autism.
Three of the patients in that study who
also experienced photosensitive epilepsy
with self-induced seizures showed signifi-
cant improvements with the use of FFA. In
addition to treating self-induced seizures
[18], Gastaut achieved a seizure reduction
of more than 50% in approximately half of
the patients with severe childhood-onset
epilepsy (46%) who were treated. With
regard to the reduction of self-induced
photogenic epilepticactivity [19], Boel and
Casaer described the use of FFA in 11 pa-
tients with treatment-resistant and self-in-
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Table 1 Indications for treatment with FFA: photosensitive and self-induced seizures (italics), DS (regular type), LGS (bold)
Reference Study type | Pat. Age Epilepsy form/ FFA dose Results

(n) (years) diagnosis mg/kg bw/day Responder rate
Aicardi, Gas- Case series 3 14-20 Photosensitive epilepsy | 60 mg/day Seizure reduction
taut 1985(18] with self-induced

seizures
Gastaut, Pilot study 33 Unknown Treatment-resistant 0.5-1.5mg/kg? 46% of pat.*
Ziffkin 1987 epilepsy
(Abstract)
Clemens 1988 | Case history | 1 55 Photosensitive epilepsy | 20mg/day 100% seizure reduction
[31] with self-induced in 2 doses (n=1)
seizures
Aicardi et al. Case history | 1 11 Self-induced syncopes, | 60 mg/day Dramatic reduction, improved behavior
1988[32] apnea
Boel, Casaer Pilot study 11 1.5-15.5 Self-induced seizures 0.5-1mg/kg° 64% seizure-free (n=7)
1996 20] retrospective 5 DS 36%=75%(n=4)
Casaer, Extended 22 Pediatric Self-induced seizures 0.25-1mg/kg” 27% pat. seizure-free
Boel 2002[19] | pilot study (11%) 45% pat. 90% reduction
27% no improvement
Ceulemans Long-term 12 3-35 DS 0.12-0.90 (0.34) 75% pat.*
etal. 2012 study, 19 (59 mg/kg? 7 pat. seizure-free in last year
[21] years
Ceulemans Follow-up 10 Medianage | DS 0.13-0.46 (0.27) 30% pat. seizure-free
etal. 2016 study (5 24 mg/kg? 40% pat. seizure-free > 2 years
[22] years)
Schoonjans Open-label | 9 1.2-29.8 DS 0.25-1.0mg/kg? 78% pat.*
etal. 2017 study max 20 mg/day
[23]
Lagae et al. Open-label: | 13 3-18 LGS 0.2-0.8 mg/kg? 62% pat.*
2018[33] core 67% pat.*
extension

Lagae et al. RCT 119: Childrenand | DS 0.2 mg/kg? 38% pat.*
2019 [34] 39 young adults 0.7 mg/kg? 68% pat.*

40 placebo 12% pat.*

40
Knupp et al. RCT 263: | Childrenand | LGS 0.2-0.7 mg/kg? 14.2% pat#
2022 [35] 89 adults 0.2 mg/kg? 26.5% pat#

87 0.7 >mg/kg? 7.6% patit

87 placebo
Nabboutetal. | RCT 87: Children DS 0.4 mg/kg? 54% pat.*
2020 [36] 43 2-18 placebo 5% pat.*

44
Specchioetal. | CUP 52 Childrenand | DS Mean dose 71.1% pat.*
2020[25] Italy adults 0.41 mg/kg?

2.1-28.6
Strzelczyk cup 78 Childrenand | DS Mean dose 3 months:
etal. 2021 Germany adults 0.4mg/kg? 68% pat.*
[26] 2.1-46 14% seizure-free
Guerrinietal. | CUP 149 Childrenand | DS Mean dose 3 months:
2022 [24] Europe adults 0.39mg/kg? 62%, 53%, and 50% with > 75% reduction
1-46 in MCSF in <6,6-17, and > 18 years age

groups

CUP compassionate-use program, DS Dravet syndrome, FFA fenfluramine, LGS Lennox—Gastaut syndrome, MCSFmonthly convulsive seizure frequency
pat. patients, RCT randomized controlled trial
°Dose in mg/kg bw/day
®11 patients from the study by Boel and Casaer 1996 [7]
“Five patients with self-induced seizures were included in the study by Boel and Casaer in 1996, of whom five patients were retrospectively classified with DS
*>50%, seizure reduction, # median percentage reduction in drop seizure frequency, mg/kg
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duced epilepsy [20], of whom eight were
photo- or pattern-sensitive. With FFA as
an adjunct therapy, 64% of patients (n=7)
were seizure-free and the remaining 36%
showed a seizure reduction of > 75%, with
five of these patients retrospectively diag-
nosed with DS. A royal Belgian decree was
subsequently granted to Ceulemans et al.,
which provided permission for the use of
FFA in the treatment of DS patients. The
average dose for the 12 DS patients was
0.34mg/kg body weight (0.1-0.9mg/kg
bw/day; [21]). Followingamedian 11 years
of treatment (1-19 years), 58% of patients
(7 of 12) had seizure-free intervals of at
least 1 year (average 6.6 years). The cohort
in that study included the five DS patients
identified inthe study by Boel and Casaerin
1996 [20]. The follow-up of this extended
cohort by Ceulemans et al. revealed that
three of the patients remained seizure-free,
while four patients showed seizure-free
phases greater than 12 years [22]. These
positive results were confirmed in a sub-
sequent prospective study with nine DS
patients, whereby seven patients showed
reductions in convulsive seizures of >50%
[23].

These observations led to double-blind,
placebo-controlled randomized phase llI
studies in DS and LGS patients, which
proved the efficacy of FFA treatment for
these conditions. The good responder
rates (>50% and >75% reduction) and
in some cases even seizure freedom were
confirmed in the following compassion-
ate-use programs (CUPs) before the drug
was launched [24-27]. In addition, FFA
has been investigated in an open-label pi-
lot study for Sunflower syndrome [28], in
a case series for SCN8A-related epilepsy
[29], and a proof-of-principle study as-
sessing the use of FFA in Doose syndrome
(myoclonic-astatic epilepsy, MAE) that is
currently in progress. Studies with FFA
for CDKL5 [30] and DS syndromes for in-
fants younger than 2 years of age are in
the planning stage. Furthermore, an FFA
registry to capture long-term efficacy and
safety effects is underway. Study details
are presented in @Table 1.

Practical considerations for cardiac
monitoring and safety

An echocardiogram is mandatory before
beginning therapy with FFA since signifi-
cant valvular heart disease and pulmonary
hypertension areacontraindication for this
treatment, and in order to establish a base-
line prior to FFA treatment. Significant
valvular changes include any valve thick-
ening and/or insufficiencies (mitral valve
insufficiency [MI], aortic valve insufficiency
[Al]) that are above the “minor” classifica-
tion or >grade I.

Electrocardiograms (ECGs) were recor-
ded in each clinical appointment of the
phase Il and Ill studies and all results were
normal; therefore, the ECG was no longer
required as part of the routine examina-
tion. However, it is advisable to record
a baseline ECG before initiating FFA ther-
apy, as this is a common practice prior to
starting any new ASM treatment [37].

When FFA was used as an appetite
suppressant, the main valvular changes
involved valve insufficiencies on the left
side of the heart, which can be explained
by the higher density of 5-HT,z serotonin
receptors on this side [38]. Thickening of
themitraland/oraorticvalveled tovalvular
heartdisease thatrequired surgeryin some
cases. The development of severe pul-
monary arterial hypertension (PAH) with
possible lethal outcomes was also ob-
served [12, 13]. Therefore, the FFA-ap-
proval trial had strict exclusion criteria.
For example, patients with evidence of
a “physiological” Ml during screening were
excluded.

During the phase Ill trial (average treat-
ment duration, 8.4 months), valvular heart
disease and PAH were absent in all pa-
tients. However, inconsistent “trivial” Mls
were observed during echocardiography
monitoring, which were classified as phys-
iological and thus normal. The frequency
of these valve insufficiencies in DS patients
was 17.9% in the low-dose (0.2mg/kg
bw/day) FFA group, 22.5% in the high-
dose (0.7 mg/kg bw/day) group, and 12.5%
in the placebo group [39]. These insuffi-
ciencies were of no clinical relevance and
occurred intermittently. A progression to
valve insufficiency, which was a criterion
for discontinuation, did not occur in any
patients.

No relevant cardiopulmonary side ef-
fects were observed in the original Bel-
gian cohort (DS patients) over the course
of up to 30 years. In these two studies,
a daily low dose of FFA of 7.5-20 mg was
administered and patients were carefully
monitored and examined [22, 23].

In the European CUP, any normal find-
ings such as “trivial” or “physiological” Mls
or low-grade MIs that were not signifi-
cantly pathological were not considered
contraindications if there was no pre-ex-
isting anatomical pathology of the valves.
However, it was important to carefully fol-
low up patients with low-grade Mis to
avoid overlooking a progressive worsen-
ing. Even greater caution is required in
cases of low-grade Al, which is less fre-
quent in children than in adults. With
increasing age, low-grade valvular insuffi-
ciencies are common in adults.

Recommendations for
cardiological examinations

A standardized complete echocardio-
graphic examination should be performed
according to the European Association
of Cardiovascular Imaging (EACVI) and
the American Society of Echocardiogra-
phy (ASE) guidelines, which include ECG
recording and blood pressure measure-
ment.

The optimal configuration of the de-
vice is essential for comparability of fol-
low-up examinations, and this includes
appropriate penetration depth and color
Doppler settings. Insufficiencies greater
than a low grade (grade |) in the mitral
or aortic valve and right ventricular pres-
sure of >27mmHg as estimated by tri-
cuspid regurgitation are contraindications
for treatment with FFA. In addition, new-
onset Al and MI detected during follow-
up examinations must be monitored at
shorter intervals than those of patients
without these conditions. Follow-up ex-
aminations should occur at 6 months after
therapy discontinuation for the safety of
the patient.

Summary. Cardiacside effects have notyet
been observed during the studies. Phys-
iological Ml is not a contraindication to
the initiation of FFA treatment. Pre-exist-
ing low-grade insufficiencies of the mitral
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Table 2 Drugswarranting careful observation of the patient as they may influence the serotonergic system (based on the fenfluramine hydrochloride

study ZX008-1900)

ADHD medications

Amphetamine and derivatives Methamphetamine Guanfacine
Methylphenidate Dextroamphetamine Lisdexamfetamine Bupropion
Dexmethylphenidate Clonidine

Antiarrhythmics Antibiotic Antiemetics Antipyretic
Mexiletine Linezolid Metoclopramide Phenacetin
Propafenone Ondansetron

Antiseizure medications

Retigabine/ezogabine

Antidepressants (SSRIs, SNRIs, NRIs)

Amitriptyline Clomipramine Fluvoxamine Paroxetine
Bupropion Desipramine Imipramine Sertraline
Buspirone Duloxetine Nefazodone Trazodone
Citalopram Fluoxetine Nortriptyline Vortioxetine
Antihistamines

Astemizole Hydroxyzine Chlorphenamine

Cyproheptadine Cetirizine Diphenhydramine

Antimigraine medications

Almotriptan Eletriptan Naratriptan Sumatriptan
Cafergot Ergotamine tartrate Rizatriptan Zolmitriptan
Antipsychotics/neuroleptics (serotonin agonists/antagonists, noradrenergic agonists/antagonists)

Amisulpride Clonidine Paliperidone Risperidone
Amphetamine Guanfacine Perospirone Sulpiride
Aripiprazole Levomepromazine Perphenazine Ziprasidone
Asenapine Methylphenidate Promethazine Zuclopenthixol
Clozapine Olanzapine Quetiapine

Antivirals Beta-blockers Chemotherapy drug Cough suppressant
Interferon Alprenolol Dasatinib Dextromethorphan
Ritonavir Bufuralol

Telaprevir

Centrally acting anorectic agents

Lorcaserin

Phentermine

Naltrexone-bupropion

Diethylpropion

Benzphetamine

Phendimetrazine

Phentermine-topiramate

Decongestants (allowed for short-term use only)

Statin

Phenylpropanolamine |

Cerivastatin

Ergot alkaloids, their derivates and anti-Parkinson’s agents

Pergolide |

Cabergoline

Ergotamine Tartrate

Monoamine oxidase inhibitors (contraindicated)

Isocarboxazid | Selegiline | Tranylcypromine | Phenelzine
Opioids

Alfentanil Levacetylmethadol (LAAM) Meperidine Oxycodone
Codeine Fentanyl Methadone Tramadol

Italics: use of monoamine oxidase inhibitors (MAO-I) is contraindicated

SSRIs selective serotonin reuptake inhibitors, SNRIs serotonin and norepinephrine reuptake inhibitors, NRIs norepinephrine reuptake inhibitors, ADHD at-

tention-deficit/hyperactivity disorder
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* Mydriasis
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or aortic valve with an urgent indication
for treatment require a risk-benefit as-
sessment, which for children should in-
volve consultation with the pediatric car-
diologist. Closer cardiological follow-up
intervals should then be considered. After
a detailed consultation with the parents,
a decision can be made regarding treat-
ment with FFA.

Drug interactions/side effects

Interaction with non-ASM
medication

Before treatment with FFA, other med-
ications used by the patient should be
reviewed for potential interactions. Use
of monoamine oxidase inhibitors (MAO-I)
is contraindicated. @ Table 2 provides an
overview of drug groups that could cause
interactions, particularly those that may in-
duce serotonin syndrome, which involves
symptoms resulting from an excessive ac-
cumulation of serotonin (BFig. 2). Ex-
cess serotonin can have neurotoxic ef-
fects and lead to altered consciousness
(confusion, clouding of consciousness, hal-
lucinations, and coma), autonomic sys-
tem effects (mydriasis, extreme redness
of the head, blood pressure fluctuations,
hyperthermia, tachycardia, and acceler-

Mild symptoms

* Hyperthermia

= Shivering

¢ Secretion of sweat
(diaphoresis)

Sweating
Fever

Agitation
Confusion
Hyperkinetic
movements
Anxiety

* Glouding
of consciousness
* Hypervigilance

Tachycardia

Diarrhea

Tremor
Difficulties in
coordination

= Agitation
(Hyperreflexia)

* Involuntary muscle
contraction - cramps

ated breathing), neuromuscular phenom-
ena (tremors and hyperreflexia), gastroin-
testinal symptoms (nausea, vomiting, and
diarrhea), and life-threatening conditions.
Hyperkinetic neuromuscular findings such
as tremors or clonic and increased reflexes
are warning signals.

Risk—-benefit assessments should be
performed for drugs with potential inter-
actions. For example, an antidepressant
or antipsychotic medication can be dis-
continued or switched to another drug
with less 5-HT component in favor of ASM
treatment with FFA. In this case, prior
results have shown that the transition
should be made slowly. Discontinuation
of a medication can result in confounding
effects associated with symptoms that
the medication was prescribed to treat.
Therefore, adverse effects could be at-
tributed to the discontinuation of the
psychotropic medication as opposed to
the introduction of FFA, and in some cases,
these may be difficult to distinguish. Re-
sults of the CUP showed that appropriate
procedures must be carefully considered.
For example, one patient experienced
significant behavioral changes that were
disproportionate to the improvement in
seizure frequency after discontinuation of
an antipsychotic medication.

* Hyperthermia
> 40 oC

* Convulsions,
epileptic seizures

* Coma

= Death

* Muscular rigidity

Fig. 2 < Symptomsofsero-
tonin syndrome (modified
from Francescangeli et al.
2019[42])

Interaction with ASMs

Before introducing FFA as an add-on ther-
apy, a review should be performed of
the prior ASMs administered in terms of
their efficacy in previous courses of treat-
ment. A polytherapy that includes more
than three to five medications should be
avoided; therefore, ASMs with lower ef-
ficacies should be gradually discontinued
before the introduction of a new medi-
cation. Special attention should be given
to combinations with stiripentol because
FFA is metabolized via multiple CYP en-
zymes (in particular CYP1A2, CYP2B6, and
CYP2D6) and drugs that inhibit any of
these enzymes may increase serum con-
centrations of FFA. This interaction can
enhance its therapeutic effect but also its
side effects, as is the case with stiripentol.
Therefore, the FFA dose must be reduced
when used concurrently with stiripentol
(B Table 3). Moreover, it should be consid-
ered that drugs that induce corresponding
enzymes (e.g., phenobarbital) can reduce
the plasma level of FFA and consequently
its efficacy.
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Table 3 Potential interactions between antiseizure medications:effects of add-on medications on serum concentrations of existing antiseizure med-
ications

Existing affected drug
Add-on medication STP CBD/7-OH CBD FFA/nFFA VPA | CLB/NCLB TPM | ESM | LEV czp ZNS
Stiripentol (STP) - =/t /19 1 A = 1 = = =
Cannabidiol (CBD) ns - =b = NS/t = = =
Fenfluramine (FFA) = =b - = =/= NA NA NA NA NA
Valproate (VPA) = =/= 1/19 - = s = = = =
Clobazam (CLB) = /1 AN 1 - = = = NPS =
Topiramate (TPM) ? 11 NA s s - = = ? ?
Ethosuximide (ESM) = W NA | = = - = = =
Levetiracetam (LEV) = =/= NA = = = = - | =
Clonazepam (CZP) ? | NA = NPS = = = - =
Zonisamide (ZNS) ? s/ NA = = ? = = ? -
For example, STP has no effect on CBD, TPM, LEV, CZP, and ZNS serum concentrations (=), but adding STP to existing FFA, VPA, or ESM medication increases
corresponding serum concentrations (1)
NS not significant, NA not available, NPS not prescribed together
°Only evaluated in combination with STP, VPA, and CLB
*Unpublished, by Zogenix (according to Wheless et al. 2020 [40])

Dosage regimen for patients not
taking stiripentol

The initial dose of FFA is 0.1 mg/kg twice
daily (0.2 mg/kg bw/day). If further epilep-
tic seizures occur and FFA is well tolerated,
the dose can be increased to 0.2mg/kg
twice daily (0.4 mg/kg bw/day) after 7 days
and to a maximum of 2 x 0.35mg/kg daily
(0.7 mg/kg bw/day) after a further 7 days.
Please note that this is the maximum
mg/kg bw daily dose. For patients requir-
ing a more rapid titration, the dose may
be increased every 4 days. The maximum
total daily dose of 26 mg FFA (13 mg twice
daily, equivalent to 2 x 6.0 mL) should not
be exceeded.

This dosing regimen is not suitable for
all patients as tolerability varies greatly
among individuals. Side effects of fatigue
or ataxia may require slower dosage in-
creases, particularly in patients with higher
body weights, as the starting dose of
0.2mg/kg bw/day might not be well tol-
erated and can lead to adverse effects
such as fatigue and loss of appetite. Pa-
tients who are more sensitive to side ef-
fects could be given a slower up-dosing.
In these cases, we recommend starting
with 0.1 mg/kg/day divided into two doses
and increasing the dose by 0.1 mg/kg/day
at 7- to 14-day intervals. If significant
side effects occur, the last dose increase
should be reversed. After a stabilization
period, slower subsequent dose increases
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may facilitate tolerance. In the respective
dosagetables, the recommended amounts
are given according to body weight (Sup-
plementary Table S1 A).

Dosage regimen for patients taking
stiripentol

The initial dose and the increased dose
after 7 days are as indicated in the previ-
ous section. A maximum total daily dose
of 17mg (8.6 mg twice daily, equivalent
to 2 x4.0ml) or maximum 0.4 mg/kg bw
daily dose should not be exceeded in
patients taking stiripentol. A reduced
starting dose in patients with higher body
weights is recommended. To avoid side
effects, smaller incremental dosage in-
creases should be chosen. The doses in
milliliters for twice-daily administration
can be found in Supplementary Table
S18B.

General dosage regimen
recommendations

For a calculated dose of 3.0mL or less,
the green-printed 3-mL syringe should be
used, and for a dose greater than 3.0,
the purple-printed 6-mL syringe should
be used. The calculated dose should be
rounded to the nearest scaling step.

For an intermediate dosage increase,
increments of 0.2mg/kg bw/day every
14 days are reasonable. If adverse ef-

fects occur, these increments can be
extended to monthly intervals (0.2 mg/kg
bw/day increment per month). In cases
of low seizure frequency, a slower titra-
tion with increases of 0.2 mg/kg bw/day
every 3 months may be considered. The
oral solution is administered in two di-
vided doses. The studies and the CUP
identified patients who became seizure-
free at a low dose of 0.2mg/kg bw. In
adolescents and adults with body weight
of 45kg and over, increases of 1-2mL per
week may increase tolerability. Adequate
observation periods between increments
ensure that the lowest dose that leads
to seizure freedom is used. In general,
we recommend adjusting the individual
dosage according to the general rule for
all ASMs: as much as necessary, as little
as possible.

Ketogenic diet and fenfluramine

The FFA solution contains small amounts
of glucose, which could affect a ketogenic
diet and other dietary approaches; how-
ever, no interactions were reported in the
CUP (experience of theauthors). According
to the drug information, FFA is compatible
with a ketogenic diet.



Interactions between FFA and other

antiseizure medications: with a focus on

FFA serum levels

1. Clobazam mono: no dose adjustment of
clobazam or FFA

2. Valproic acid mono: no dose adjustment
of valproic acid or FFA

3. Stiripentol mono: no dose adjustment of
stiripentol

but FFA daily maximum dose is 0.4 mg/kg

bw/day or 17 mg/day (instead of 0.7 mg/kg

bw/day or 26 mg/day)

4. Combined treatment of stiripentol,
valproic acid, and clobazam: no dose
adjustment

but FFA daily maximum dose is 0.4 mg/kg

bw/day or 17 mg/day (instead of 0.7 mg/kg

bw/day or 26 mg/day)

5. Cannabidiol: no dose adjustment of
cannabidiol or FFA

6. Bromide: dose adjustment of bromide
with FFA, data unpublished; clinical
experience shows that serum levels of
bromide can increase with corresponding
clinical signs

7. Topiramate, levetiracetam, brivaracetam,
zonisamide, and clonazepam: no data
available

8. Phenobarbital: dose adjustment for FFA

Serum levels of antiseizure co-medications
should be checked periodically in patients
treated with FFA.

Withdrawal in cases of intolerance
or ineffectiveness

In the randomized controlled trials
(@ Table 1), FFA was discontinued within
8 days. This rapid dose reduction can
cause seizure activation or status epilep-
ticus; therefore, smaller steps must be
taken if the seizure situation worsens.

Side effects

Supplementary Table S2 summarizes the
adverse reactions to FFA therapy according
to the organ system and the frequency
reported in the placebo-controlled clinical
trials for DS. Frequencies are defined as very
common (=1/10) or common (=1/100 to
<1/10).
The most common side effects were:
1. Weight reduction: The effect is not
surprising considering the initial
development and use of the compound
as an appetite suppressant. The

authors recommend monitoring the
absolute body weight and body mass
index (BMI) of children. Children
experience growth spurts and the
change in weight in relation to height
should be considered to detect a slow
body weight increase at an early
stage. This is especially crucial for
young children. Weight reduction of
greater than 10% is cause for concern.
Therefore, the BMI at the start of
treatment is particularly important,
since weight loss in cases with initial
adiposity is less critical than that in the
lower percentile range before the start
of therapy. If there is significant weight
loss, early nutritional counselling may
be helpful. An initial loss of appetite
may normalize in the course of therapy
or through the reduction of other
ASMs such as topiramate, which also
has decreased appetite as an adverse
event. Of note, a reduced height and
weight growth trend has been reported
as part of the natural course of DS [41].

. Fatigue/somnolence: Fatigue and

somnolence are common side effects
that can lead to hospitalization. These
adverse effects should be treated with
a dose reduction since fatigue can
trigger an increased seizure frequency.

. Increase in seizure frequency: In-

creases in generalized tonic—clonic
seizures or epileptic states may require
dose reductions, and if the worsen-
ing is related to dose changes in co-
medication, the concentrations of the
relevant ASMs must be determined.
The first step can be dose reduction;
however, with an unfavorable bene-
fit-risk assessment, FFA medication
should be discontinued.

. Lower blood glucose levels: In the

regulatory studies, these levels had
little clinical relevance and could be
related to a decrease in appetite or
erroneous measurements caused by
long shipment times or suboptimal
sample handling.

. Movement disorders: In cases with

pre-existing ataxic movement disor-
ders, a worsening of symptoms may be
observed, which is reversed upon a re-
duction of the FFA dose. Hyperkinetic
movement disorders have also been
reported.

Follow-up intervals

Laboratory. Itis good clinical practice that
serum concentrations of ASMs should be
determined before starting any new ther-
apy. First clinical follow-ups are advised
after 1 and 3 months. Common labo-
ratory parameters and ASM serum con-
centrations should be analyzed to detect
interactions (B Fig. 3). Currently, routine
FFA concentration determinations are not
available.

Cardiological follow-ups. Echocardio-
graphic examinations at 6-month inter-
vals for the first 2 years after starting
the therapy and annually thereafter are
mandatory. ECG recordings were per-
formed during the study check-ups with
normal findings; therefore, they are no
longer recommended.

Electroencephalogram. Electroencepha-
lography should be performed on the ba-
sis of clinical progression, including before
starting FFA therapy and after reaching the
first target dose. Systematic evaluations of
EEGmonitoring during FFA therapy are cur-
rently not available. However, in our expe-
rience, hypersynchronous activities shown
in EEGs often decrease with improvement
of the seizure situation. Some patients
showed an increase in background activ-
ity, which is typically slow in DS and LGS.

Practical conclusion

= Fenfluramine represents a promising new
option for patients with Dravet syndrome
and Lennox—Gastaut syndrome.

= It is crucial to individualize treatment by
considering factors such as age, body
weight, comorbidities, and comedication
with other antiseizure medications and
non-antiseizure drug treatments.
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Before starting
therapy with
fenfluramine

Dosage
with STP

Without STP

Monitoring

Side effects

Discontinuation
criteria

Monitoring
following
discontinuation

Legend

* Inform patient about the medication and possible side-effects

e Check medication interactions

* Laboratory diagnostics: standard parameters, serum concentrations
of current anti-epileptics

e Heart: Echocardiography* and ECG

Fenfluraminehydrochloride 2.5 mg/ml is equivalent to
fenfluramine 2.2 mg/ml

Day 1: 0.2 mg/kg bw/day in 2 doses
Day 7: 0.4 mg/kg bw/day in 2 doses
Maximum dose: 17 mg/day

Day 1: 0.2 mg/kg bw/day in 2 doses
Day 7: 0.4 mg/kg bw/day in 2 doses
Day 14: 0.7 mg/kg bw/day in 2 doses

Maximum dose: 26 mg/day

1 month: Clinical progress monitoring / laboratory
3 months: Clinical progress monitoring / laboratory
6 months: Heart: ECHO*
9 months: Clinical progress monitoring / laboratory
12 months: Heart: ECHO*
15 months: Clinical progress monitoring / laboratory
18 months: Heart: ECHO*
24 months: Heart: ECHO*

after 24 months: ECHO* once per year if no complications

Tiredness / somnolence

Seizure worsening

Inappetence

Movement disorders / ataxia worsening
Further side effects see Table 7

Significant weight loss (check BMI!)
Abnormal Heart ECHO*
Adverse effects outweigh therapeutic benefits

Heart: ECHO*
6 months after last dose or earlier if abnormalities detected on ECHO

Dosage intervals represent fast dosage increase (as used in studies); for patients with higher body weight FFA
doses should be halved or longer intervals used (see text). Echocardiographic examinations are regarded as

compulsory. STP = stiripentol, ECHO = echocardiography, ECG = electrocardiogram, *compulsory examination.
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Fig. 3 <« Recommenda-
tions for introducing fen-
fluramine into therapy with
antiseizure medications
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Schliisselworter

Medikamenteninteraktionen

Fenfluramin in der klinischen Anwendung: neue Therapieoption bei
Dravet-Syndrom und Lennox-Gastaut-Syndrom

Fenfluramin ist ein neues Anfallssuppressivum zur Behandlung des Dravet-Syndroms
und des Lennox-Gastaut-Syndroms. Diese Ubersicht gibt einen Uberblick iiber den
aktuellen Stand zur Wirksamkeit und Vertraglichkeit von Fenfluramin sowie praktische
Empfehlungen fiir das therapeutische Management. Insgesamt ist Fenfluramin ein
gut vertrdglicher Wirkstoff, bislang sind keine kardialen Klappeninsuffizienzen oder
pulmonale Hypertonien beschrieben worden. Bei Kindern sollte auf einen moglichen
Gewichtsverlust geachtet werden, wenn sie an Appetitlosigkeit leiden. Bei einer
raschen Dosistitration kam es zu vermehrter Sedierung bei einigen iibergewichtigen
Patienten, daher wird fiir diese Kinder und fiir Erwachsene eine langsamere
Dosissteigerung empfohlen. Arzneimittelinteraktionen sollten vor und wéahrend der
Therapie beachtet werden, eine Dosisreduktion ist in Kombination mit Stiripentol
erforderlich. In Kombination mit Kaliumbromid kénnen au3erdem die Bromidspiegel
ansteigen. Wahrend der Titrationsphase sollte eine intensive Kommunikation mit
den Patienten oder deren Angehdrigen aufrechterhalten werden, um Informationen
Uiber den allgemeinen Gesundheitszustand, mogliche Bewegungsstérungen und die
Anfallshaufigkeit zu erhalten, um eine zeitnahe Dosisanpassung zu erméglichen.

Entwicklungsbedingte und epileptische Enzephalopathie - Epilepsie - Anfallssuppressivum -
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