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A B S T R A C T

Introduction: Dravet Syndrome (DS) is a rare epileptiform disorder typically presenting within the first year of life
of a normally developing infant. It is characterized by several prolonged seizures that are often resistant to current
anti-epileptic drug (AED) regimens. This paper outlines the history and clinical trials of the drug fenfluramine, a
drug that when used in addition to AED regimens may provide hope to children affected by DS.
Body: Fenfluramine (3-trifulormethyl-N-ethylamphetamine) is an amphetamine derivative that primarily affects
serotonin neurotransmitter levels. It was initially prescribed in the 1960s as an appetite suppressant marketed as a
weight loss drug. However, it was removed from the markets due to its association with cardiac valvopathies. It
continued to by studied in epilepsy by Gastaut in the 1980s in children with self-induced syncope and irre-
tractable epilepsy. In 2012, Ceulemans et al. studied the use of fenfluramine in patients with DS. Following the
success of that retrospective case study, Nabbout et al. and Legae et al. conducted two randomized control trials
leading to the FDA approval of fenfluramine under its trade name Fintepla in 2020.
Discussion: The success of the randomized control trials suggests the addition of fenfluramine to current AED
regimens may lead to better control of seizures in patients with DS. The side effects of fenfluramine prove to be
manageable and the concern for valvopathies has not been reproducible with low dose fenfluramine.
1. Introduction

Dravet Syndrome (DS) is a life-long, rare, and devastating myoclonic
seizure disorder, typically presenting in the first year of life in an
otherwise healthy child. Children born with DS often reach expected
neurotypical milestones for the first several months of development.
However, once seizures begin, typically within the first year of life, the
epileptic activity is associated with encephalopathy with severe cogni-
tive, speech, and behavioral impairment. Often, the child's first seizure is
provoked by fever. Several parents describe that their child's first seizure
occurred shortly after their 4-month vaccine appointment in association
with fever. Seizures in DS patients are frequent, often more than 4 times
per month, tend to last longer often greater than 10 min and can result in
status epilepticus or sudden unexpected death in epilepsy (SUDEP)
(Anwar et al., 2019; Aras et al., 2015).

While the diagnosis of DS remains a clinical diagnosis based on spe-
cific clinical criteria, greater than 75% of children with DS exhibit an
SCN1A gene mutation, which of often de novo. While the pathogenesis of
DS remains poorly understood, the SCN1A gene codes for the alpha unit
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of the Nav1.1 voltage-gated sodium channel. Most mutations of this gene
involve a truncation mutation producing no functional proteins. This
sodium channel is required for generation and propagation of action
potentials in the central nervous system. It is paradoxical that inhibition
of an excitatory channel would lead to an epileptiform disorder. Research
is ongoing to try and unravel this paradox (Chopra and Isom, 2014).

The purpose of this review is to outline the clinical use, trial results,
and pharmaceutical development of fenfluramine as an anti-epileptic
drug (AED) for children with DS. Current treatment for DS includes
valproic acid or clobazam with stiripentol. However, DS still remains
difficult to control and often refractory to therapy. Fenfluramine hopes to
provide DS patients with better seizure control.

2. Fenfluramine and its mechanism of action

Fenfluramine (3-trifulormethyl-N-ethylamphetamine) is an amphet-
amine derivative that primarily affects serotonin neurotransmitter levels.
The drug was initially developed and prescribed in the 1960s and 1970s
for weight loss. The appetite-suppressant-effect was thought to be due to
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the fenfluramine's modulation of serotonin levels in the brain. This
assumption was demonstrated by Fuller et al., in 1988 when they showed
that fenfluramine affected the release of serotonin from neurotransmitter
vesicles (Fuller et al., 1988).

Serotonin, which acts through 5-HT receptors in the CNS plays a role
in several functions including mood, sleep, muscle contractions, endo-
crine functions, and appetite. It was first found to be associated with
epilepsy by Bonnycastle in 1957 when his lab demonstrated an increase
level of 5-HT in a rat brain after the administrated of an anti-epileptic
drug (Bonnycastle et al., 1957). Since the initial discovery of fenflur-
amine's action on serotonin vesicles by Fuller in 1988, the drug has been
shown to affect over 14 different subtypes of the 5-HT receptor. When
studied in Zebrafish, the drug demonstrated anti-elliptic effects through
antagonism of 5-HT1D and 5-HT2C (and possible 5-HT2A) receptors. This
same study implicates fenfluramine also acts through the sigma-1 re-
ceptor, which may be involved in the pathophysiology of DS (Sourbron
et al., 2017).

By the 1980s, over 60 million patients were taking fenfluramine for
appetite suppression and weight loss. Fenfluramine was often combined
off-label with phentermine to sustain the appetite-suppressant effects of
fenfluramine leading to the creation of the Fen-Phen combination.
However, in the late 1990s, fenfluramine was removed from the market
in the United States due to its relationship with valvular heart disease and
pulmonary hypertension (Connolly et al., 1997). Fenfluramine would
continue to be studied within the scope of epilepsy and was approved by
the U.S. Food and Drug Administration (FDA) for the treatment of DS in
June of 2020.

3. Fenfluramine's efficacy and clinic study review

Fenfluramine was first used as a behavioral modifying drug in the
treatment of epilepsy. In 1984, Gastaut published a case series which
resulted in the elimination of self-induced syncope in patients with
autism spectrum disorder (Gastaut, 1984). Gastaut additionally observed
a reduction in seizure frequency in self-induced photosensitive epilepsy
patients treated with fenfluramine (Aicardi and Gastaut, 1985). A
follow-up pilot study was performed in 1987, examining the use of fen-
fluramine in 33 patients over an unspecified length of time with severe
childhood epilepsy with the primary diagnosis of irretractable epilepsy.
This study showed a greater than 50% reduction in seizure frequency in
46% of the patients when adding 0.5–1.5 mg/kg/day of fenfluramine to
the patient's current AED regimen (Gastaut and Zifkin, 1987).

In 2012, fenfluramine was studied in a retrospective case series in
patients with DS. This study resulted in 7 of the 12 patients enrolled
becoming seizure-free, 1 patient with 75% reduction in seizure fre-
quency, 2 patients with no significant response, 1 patient stopped due to
lack of efficacy, and 1 patient stopped who was controlled with another
AED (Ceulemans et al., 2012).

In 2019, Nabbout conducted a double-blind, parallel-group, placebo-
controlled, phase 3 randomized clinical study involving patients with DS
who were on a treatment regimen that involved stiripentol plus clobazam
or valproic acid (Nabbout et al., 2020). The study included 87 pediatric
patients ages 2–18 with DS who did not have any underlying cardiac or
valvular insufficiencies. The patients were randomized to either receive
fenfluramine 0.4 mg/kg day in addition to their treatment or regimen or
a placebo medication. The patients who received fenfluramine were
estimated to have a 54.0% greater reduction in MCSF (monthly convul-
sive seizure frequency) compared to the patient's receiving the placebo
medication (P < 0.001). The treatment group also had significantly more
patients experience a clinically meaningful (determined to be>/¼ 50%)
reduction in mean MCSF that the placebo group. 22 out of 43 patients in
the treatment group compared to 2 of 44 patients in the placebo group
experienced a clinically meaningful reduction in mean MCSF. The
treatment group also experienced significantly longer seizure-free in-
tervals (median, 22.0 days vs 130.0 days; P ¼ 0.004).
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Nabbout's trial was the first phase 3 clinical trial for the use of fen-
fluramine in the treatment of DS. It concluded that fenfluramine
demonstrated both statistically significant and clinically meaningful ef-
ficacy in the treatment of DS within their patient cohort. Therefore,
fenfluramine may be an effective treatment option for patients with DS
whose seizures are not adequately controlled on stiripentol plus AED
regimen.

In 2019, Lagae et al. conducted a similar randomized, double-blind,
placebo-controlled clinical trial that also demonstrated encouraging re-
sults for the use of fenfluramine in patients with DS. The study enrolled
119 patients ages 2–18 with DS who were randomly assigned to receive
either fenfluramine 0.2 mg/kg, fenfluramine 0.7 mg/kg per day or pla-
cebo. The study found a median reduction in seizure frequency of 74.9%
in the fenfluramine 0.7 mg/kg group. This represents a decrease in sei-
zures from 20.7 seizures per 28 days to 4.7 seizures per 28 days. Both
doses of the fenfluramine showed statistically significant reduction in
mean MCSF compared to the placebo group (Lagae et al., 2019; Lagae
et al., 2019). This study reached a similar conclusion as the Nabbout
study; fenfluramine provides a significantly greater reduction in
convulsive seizure frequency compared with placebo and could be an
effective new treatment for patients with DS. This study did not allow
concomitant stiripentol use as the Nabbout trial did.

Patients who completed these two studies were enrolled in an open-
label extension (OLE) study to assess long-term safety and efficacy of
fenfluramine in these patients (Sullivan et al., 2020). The Nabbout and
Lagae studies took place over a period of 15 and 14 weeks respectively.
The open-label extension study had a median study period of 37 weeks.
The study demonstrated that the efficacy of fenfluramine was sustained
throughout the longer study period. The patients were all down-titrated
(or underwent a false down-titration if placebo group) from 0.4 or 0.7
mg/kg day to 0.2 mg/kg per day for a period of 14 days before being
titrated up based off disease control and patients’ ability to tolerate
fenfluramine. Of note, this OLE was conducted by Zogenix, the makers of
Fintepla (fenfluramine).

4. Side effects of fenfluramine

In both Nabbout's and Lagae's case control studies and the Fintepla
OLE, the authors note that the drug was well tolerated by patients. The
most common adverse events observed in the three studies included
decreased appetite, pyrexia, diarrhea, nasopharyngitis, and fatigue
(Table 1). In the Lagae study 5 patients (N¼ 79) withdrew due to adverse
effects, but the study did not specify which effects led to the participants
withdrawal (Lagae et al., 2019). Within the Nabbout study, 2 patients (N
¼ 43) withdrew due to unspecified adverse events (Nabbout et al., 2020).
Finally, the Sullivan et al. study had 1 participant withdraw at 71 days of
treatment due to adverse effects (N ¼ 232) (Sullivan et al., 2020). Note
that Table 1 lists the documented adverse events from the Nabbout et al.,
Lagae et al., and the Sullivan et al. Studies (Nabbout et al., 2020; Lagae
et al., 2019; Sullivan et al., 2020). * Values include the adverse events
from the patients in the Fenfluramine 0.2 mg/kg/day and the patients
receiving Fenfluramine 0.7 mg/kg/day. **This study only reported
adverse events that occurred in greater than 10% of patients.

The black label should be addressed, when fenfluramine was com-
bined with phentermine, Fen-Phen, it was found to have a correlation
with valvular heart disease and pulmonary hypertension (Connolly et al.,
1997). For this reason, the drug was discontinued in the United States. In
the recent case control study and OLE, the patients were all screened for
heart disease with echocardiograms. Each study notes that all patients
exhibited normal valvular function with no pulmonary arterial hyper-
tension at the end of the trials. Additionally, for the OLE study, it should
be noted that the adverse events for the placebo arms were not available,
which in turn was not possible to compare the frequency of adverse
events between treatments and placebo arms.



Table 1
A comparison of side effects experienced by participants from controlled case studies (Nabbout et al., 2020; Lagae et al., 2019) and an open label extension (Sullivan
et al., 2020) of Fintepla. The most common adverse events observed in the three studies included decreased appetite, pyrexia, diarrhea, nasopharyngitis, and fatigue.
Inputs labeled with (*) represent very common effects (>1/10). Inputs labeled with (**) represent common effects (�1/100 to <1/10) in accordance with the FDA and
EMA guidelines. Of note, the studies did not have adverse effects that met the criteria of rare (�1/10,000 to <1/1,000) or very rare (<1/10,000) adverse effects. The
column with a (y) contains no data points because the open-label study was a placebo-uncontrolled study and all participants received fenfluramine. Additionally, the
data from the three studies could not be pooled due to the recruitment of patients from Lagae et al., and the Nabbout et al. study.

Side Effects % Adverse Events [rank]
in those Receiving
Fenfluramine (Lagae
et al., 2019) (N ¼ 79)

% Adverse Events
[rank] in those
Receiving Placebo
(Lagae et al., 2019)
(N ¼ 40)

% Adverse Events [rank]
in those Receiving
Fenfluramine (Nabbout
et al., 2020) (N ¼ 43)

% Adverse Events
[rank] in those
Receiving Placebo
(Nabbout et al.,
2020) (N ¼ 44)

% Adverse Events [rank]
in those Receiving
Fenfluramine (Sullivan
et al., 2020) (N ¼ 232))

% Adverse Events
[rank] in those
Receiving Placebo
(Sullivan et al.,
2020) (N ¼ 0)y

Patients with at
least 1 adverse
Event

94.9 65.0 97.7 95.4 89.7 N/A

Decreased Appetite 29.1* 5.0** 44.2* 11.4* 15.9* N/A
Diarrhea 24.1* 7.5** 23.3* 6.8** 10.8* N/A
Fall 5.1** 5.0** 0.0 0.0 0.0 N/A
Fatigue 10.1* 2.5** 25.6* 4.5** 0.0 N/A
Lethargy 13.9* 5.0** 14.0* 4.5** 0.0 N/A
Nasopharyngitis 13.9* 5.0** 16.3* 34.1* 19.4* N/A
Pyrexia 11.4* 7.5** 25.6* 9.1** 21.6* N/A
Seizure 8.9** 12.5* 4.7** 15.9* 11.2* N/A
Somnolence 12.7* 7.5** 0.0 0.0 0.0 N/A
Upper Respiratory
Tract Infection

10.1* 12.5* 0.0 0.0 10.3* N/A

Vomiting 8.9** 10.0* 0.0 0.0 0.0 N/A
Weight Decrease 8.9** 0.0 0.0 0.0 0.0 N/A
Blood Glucose
Decrease

0.0 0.0 14.0* 4.5** 0.0 N/A

Bronchitis 0.0 0.0 11.6* 4.5** 0.0 N/A
Abnormal Heart
Valves

0.0 0.0 0.0 0.0 0.0 N/A
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5. Alternatives treatments for Dravet Syndrome

Currently, the most common therapy for DS includes the use or
combination of valproic acid and clobazam which is based on the result
from a retrospective study conducted by Dressler et al., 2015. It is sug-
gested to add the other if seizures are not controlled on the first choice.
Stiripentol can be added to the regimen as a second line therapy. The
ketogenic diet is considered second line treatment for DS patients.

The ketogenic diet is a high-fat, low-carbohydrate diet that is
considered a non-pharmacological effective treatment of DS in addition
to other seizure disorders. The diet is usually recommended after the
patient has failed 3 anti-epileptic drugs. However, since the diet has
fewer neurotoxic side effects compared to pharmacologic agents, the diet
is often initiated sooner. The diet has been studied in a retrospective
study conducted by Laux and Blackford where 20 patients with DS who
had the SCN1A mutation were evaluated. Results demonstrated that 13
of the 20 patients had greater than 50% reduction in seizure frequency
(Laux and Blackford, 2013). Additionally, the diet was studied in a mouse
model where SCN1Amutant mice were placed on the ketogenic diet for 2
weeks. The mice showed an elevated seizure threshold after the 2 weeks
on the diet (Caraballo et al., 2005).

Stiripentol is currently one of the only FDA approved drugs for the
treatment of DS. It was recently approved in the United States in 2018.
Stiripentol is used as an adjunctive agent with clobazam as it interacts
with clobazam increasing the concentration of its active metabolites.
Stiripentol is also thought to exert its effect at the post synaptic GABA
receptor by enhancing GABAergic transmission (Fisher, 2009).

Another medication with serotonin activity that shows promise in DS
is Lorcaserin. The drug, which acts as a 5-HT 2C receptor agonist, was
studied by Griffin et al., in the zebrafish DS model and found a decrease
in the severity and frequency of seizures (Griffin et al., 2017). Tolete
et al., published a case series (n ¼ 35) studying the impacts of lorcaserin
on patients with refractory seizures including those with Lennox Gastaut
syndrome and DS (Tolete et al., 2018). The results showed a median
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percentage reduction of 47.7% (p< 0.01). With these promising impacts,
Esai Inc will be completing a phase 3 trial that studies the efficacy of
Lorcaserin compared to place in dravet patients. This study should
conclude in the fall of 2021. Until then, the evidence while promising is
not enough to support use in the DS population.

Epidiolex (GW Pharmaceuticals) is a new pharmaceutical formulation
which uses a high concentration of the cannabinoid cannabidiol (CBD) in a
sesame seed oil carrier (Devinsky et al., 2017). The extract used in Epi-
diolex has a purity as high as 99% and lacks psychoactive characteristics
associated with the tetrahydro cannabinoids (Sekar and Pack, 2019).
Epidiolex varies from the over-the-counter CBD products offered due to the
purity of CBD extract juxtaposed to the openly available CBD products
which sometimes have no CBD within their solution (Devinsky et al.,
2016). Investigators conducted a randomized double-blinded control study
in children ages 2–18 years of age with DS. Patients receiving CBD saw
their average convulsive seizure frequency decrease by 38.9% from base-
line compared to a decrease of 13.3% in the placebo group (p¼ 0.01). The
most common adverse effects of cannabidiol were vomiting, fatigue, py-
rexia, and somnolence (Devinsky et al., 2017). As cannabidiol has shown
efficacy compared to placebo in several seizure disorders, it is suggested
that CBD is a general anti-epileptic and not specific to DS.

Surgical treatments of DS are ineffective in DS given that the condi-
tion is of genetic origin and has a diffuse impact on the brain. Focal
resection is one surgical approach in epilepsy patients. Even so, focal
resection was unlikely to impact seizure burden in one study of DS pa-
tients with the SCN1A mutation (N ¼ 6) (Skjei et al., 2015). Deep brain
stimulation of the subthalamic or anterior thalamic nucleus was
approved for use in treatment resistant seizure patients in the US in 2018;
however, demonstration of its benefits in DS patients is limited. Vagus
nerve stimulation has also shown to be an effective treatment for
breakthrough seizures. It can be used in patients who have refractory
seizures and are poor surgical candidates for DBS. It continues to be
studied in DS patients, with no clear benefit yet demonstrated (Anwar
et al., 2019).
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6. Conclusion

Our review of the current literature involving fenfluramine's use in
DS show that this therapy is a viable option for treatment. Where DS is
often refractory to most treatments, the addition of fenfluramine as an
option introduces one more factor to improve the quality of life in DS
patients. While the valvopathies discussed in the Connolly Et al., did
seem worrisome the current studies reviewed in this paper did not show
any abnormalities suggestive of valvopathy (Connolly et al., 1997;
Nabbout et al., 2020; Lagae et al., 2019; Sullivan et al., 2020). This may
suggest a dose response for valvopathy as the maximum fenfluramine
dosing used in patients with DS was far lower than that used in the
weight loss regimens. The other side effects discussed above were
limited and tolerable to the patients. In light of the alternative, which
would be a recurrent seizure in the DS patient the side effects seemed
acceptable.

Aside from the seizures and the neurodevelopmental decline in DS,
one factor that makes DS a devastating disease aside from the impact on
the patient is the cost of treatment and the loss to productivity by the
caregivers. The Children's Hospital of Colorado administered a survey to
60 DS caregivers to assess the direct and indirect costs of DS. Their study
results (response rate ¼ 34) showed an average annual direct cost of U.S.
$27,276 with a 95% confidence interval (CI) of $15,757 to U.S. $41,904.
Still, even more burdensome, was the indirect cost due to factors that
included loss to productivity with an average annual cost of U.S. $81,582
with a 95%CI of U.S. $57,253 –U.S. $106,378 (Whittington et al., 2018).
One key area of expenses for the caregiver is the monthly cost of AEDs. In
the European Journal of Pediatric Neurology, a survey of 93 caregivers
uncovered that total AED cost was the third leading element in the cost of
DS care with the costs of inpatient care and care grade expenses coming
in first and second place, respectively. Incremental cost-effectiveness
ratio (ICER) is a measure of a medications cost-effectiveness when
compared to a competitor (Strzelczyk et al., 2019). Weston, Et al., per-
formed a cost-effect analysis of fenfluramine and found a lower ICER for
fenfluramine when compared to cannabidiol as an add-on therapy
(Weston G et al., 2021). Altogether, AED cost is an impactful component
of DS care and fenfluramine offers similar if not superior add-on therapy
when cost is considered.
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