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Abstract
Purpose of Review  Treatment-resistant epilepsy comprises approximately 36.3% of neu-
rology clinic-based populations in the USA. Despite new drug development over the past 
50 years, the rates of drug-resistant epilepsy remain the same. The need for continued drug 
trials with novel mechanisms of action remains paramount in patients with drug-resistant 
epilepsy. In particular, patients with severe epilepsy syndromes such as Dravet syndrome 
(DS) and Lennox Gastaut syndrome (LGS) continue to be the most severely affected due to 
the increased rates of status epilepticus and sudden unexpected death (SUDEP).
Recent Findings  Fenfluramine has recently been FDA-approved for DS and LGS. There is 
substantial evidence highlighting the efficacy of fenfluramine in the treatment of seizures 
associated with DS and LGS. There are a growing number of studies investigating alterna-
tive uses of fenfluramine for treatment-resistant epilepsies.
Summary  The completed studies suggest that fenfluramine is both a safe and efficacious 
adjunctive therapy in the treatment of convulsive seizures and drop seizures associated 
with DS and LGS. Fenfluramine’s suggested mechanism of action and available human 
evidence likely support its efficacy as an add-on therapy for more seizure types and calls 
for further research to expand its clinical use.

http://orcid.org/0000-0002-3995-5467
http://crossmark.crossref.org/dialog/?doi=10.1007/s11940-022-00741-4&domain=pdf
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Introduction

Treatment-resistant epilepsy comprises approximately 
36.3% of neurology clinic-based populations in the 
USA [1]. Despite new drug development over the past 
50 years, the rates of drug-resistant epilepsy remain the 
same [1]. The need for continued drug trials with novel 
mechanisms of action remains paramount in patients 
with drug-resistant epilepsy. In particular, patients with 

severe epilepsy syndromes such as Dravet syndrome 
(DS) and Lennox Gastaut syndrome (LGS) continue to 
be the most severely affected due to the increased rates 
of status epilepticus and sudden unexpected death 
(SUDEP) [2]. Fenfluramine has recently been FDA-
approved for DS and LGS. The following will summa-
rize the literature and trials regarding fenfluramine.

History in brief

Fenfluramine (3-trifluoromethyl-N-ethylamphetamine) was initially trialed 
as an appetite suppressant in France in the 1960s. Its efficacy in appetite 
suppression and epilepsy is believed to be mediated through serotonergic 
mechanisms [3–5]. Patients with obesity found fenfluramine to be an effec-
tive agent for appetite suppression [6, 7]. However, it was withdrawn from 
global markets given reports of heart valve abnormalities in the late 1990s [8].

Prior to its withdrawal, fenfluramine was studied in small case reports 
by Dr. Henri Gastaut and Jean Aicardi. Gastaut and Aicardi commented on 
efficacy in compulsive behaviors and photosensitive epilepsies [9, 10]. The 
concept of using fenfluramine in epilepsy was largely forgotten until 2012 
when Ceulemans et al. described a small group of patients in Belgium that 
was permitted to use fenfluramine in refractory epilepsy by Royal Decree [11]. 
The study reported remarkably good effects as an add-on agent in Dravet 
syndrome. Interest in fenfluramine was largely rekindled leading to further 
drug trials and FDA approval for patients with DS and LGS.

Mechanism of action and interactions

Fenfluramine (3-trifluoromethyl-N-ethylamphetamine) is an amphetamine 
derivative that acts as an agonist on 5-Ht2 receptors and inhibits the reuptake 
of serotonin [3]. It has some properties that promote the release of norepi-
nephrine [3]. In high concentrations, it has been shown to release dopamine 
[3]. The hypothesized efficacy in seizure control is thought to be related to 
serotonin modulation, although the exact mechanism remains unknown [12, 
13]. Fenfluramine is 50% bound to plasma proteins. Its volume of distribu-
tion is 11.9L/kg with a coefficient of variation of 16.5% following oral admin-
istration in healthy subjects [3]. It is predominantly metabolized by the liver 
and is highly excreted in urine. Its half-life is estimated to be roughly 20 h in 
healthy subjects [3]. Its Tmax to steady state is estimated to be between 4 and 
5 h with a bioavailability between 68 and 74% [3].

Fenfluramine is a strong inducer of CYP1A2 and CYP2B6 enzymes [3]. 
Drugs that also induce CYP1A2 and CYP2B5, such as rifampin, will lower 
plasma concentration of fenfluramine. Dose adjustment is required with 
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co-administration of stiripentol plus clobazam as these drugs will inhibit the 
breakdown of fenfluramine, thereby causing higher than expected plasma 
concentrations [3]. Drugs and substances with mechanisms of action that 
effect serotonin may interact with fenfluramine. Co-administration of SSRI’s, 
SNRI’s, TCA’s, MAO inhibitors, trazodone, dextromethorphan, and sup-
plements like St. John’s Wort may increase the risk of serotonin syndrome 
through increased levels of serotonin.

Fenfluramine and epilepsy

At the time of this review (August 2022), 2 interventional clinical trials regard-
ing fenfluramine in epilepsy have been completed as per www.​clini​caltr​ials.​
gov. Six clinical trials were active, recruiting, or had completed enrollment. 
The available published clinical data on fenfluramine and its role in the man-
agement of epilepsy are described and outlined below. A table reference is 
provided (Table 1).

Randomized control trials

Two randomized control trials sought to investigate the efficacy of fenflu-
ramine vs placebo. Both studies (NCT02926898 and NCT02682927) inves-
tigated fenfluramine in the treatment of DS as an adjunctive agent. The first 
study (NCT02926898) sought to understand the change in number of convul-
sive seizures in patients receiving fenfluramine vs placebo from their baseline 
[14]. Patients were randomized to 0.4 mg/kg/day of fenfluramine vs placebo 
[14]. Study participants between the ages of 2 and 18 years were included 
[14]. The participants were required to be diagnosed with DS and be stable 
doses of clobazam, valproic acid, and/or stiripentol [14]. The study enrolled 
a total of 87 patients [14]. Once enrolled in the study, the participants were 
assessed for a 6-week baseline period prior to receiving a 12-week treatment 
period [14]. Seizure frequency was measured from a seizure diary kept by the 
parent/caregiver. The participants were then randomized to receive 0.4 mg/
kg/day of fenfluramine vs placebo [14]. Fifty-four percent of patients in this 
study that received fenfluramine demonstrated a clinically meaningful reduc-
tion in seizures [14]. A clinically meaningful reduction in seizures was defined 
as a 50% or greater reduction in the number of monthly convulsive seizures 
[14]. The median seizure-free interval was 22 days in the fenfluramine treat-
ment arm compared with 13 in the placebo arm [15]. Common adverse 
events included decreased appetite in the treatment group (44%) vs placebo 
(11%) [14]. Less common adverse events included fatigue (26 vs 5%), diar-
rhea (23 vs 7%), and pyrexia (26 vs 9%) [14]. There were no clinical or 
echocardiographic changes in valvular heart function or pulmonary arterial 
hypertension.
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Study NCT02682927 compared the dose response of fenfluramine vs pla-
cebo [16]. A total of 119 participants with DS ranging from age 2 to 19 years 
were randomized to receive 0.7 vs 0.2 mg/kg/day fenfluramine vs placebo [16]. 
The study used parental/caregiver seizure diary to quantify the number of sei-
zures. Median time to nth seizure was longer in the fenfluramine groups vs pla-
cebo (fenfluramine 0.7 mg/kg/day 13 weeks, 0.2 mg/kg/day 10 weeks, placebo 
7 weeks) [16]. Additionally, the longest duration of convulsive seizure-free 
days was also lengthened ((0.7 mg/kg/day, 25 days), (0.2 mg/kg/day, 15 days, 
(placebo, 9.5 days)) [16]. The demonstrated adverse effects were consistent 
with the first study highlighting decreased appetite, fatigue, diarrhea, pyrexia, 
and upper respiratory infections [16].

A post hoc analysis from the studies on DS suggested a substantially lower 
rate of all-cause and SUDEP-related mortality compared with historical natu-
ral history cohorts [2].

Study NCT03355209 investigated the efficacy and safety of fenfluramine as 
an adjunctive therapy in children and adults with LGS [17]. The study aimed 
to understand the change from baseline in frequency of seizures that result 
in drops in subjects receiving fenfluramine compared to placebo [17]. A drop 
seizure includes the following: generalized tonic clonic, focal to bilateral 
tonic–clonic, tonic, atonic, or tonic or atonic seizures causing loss of upright 
positioning [17]. Patients aged 2 to 35 years with a confirmed diagnosis of 
LGS were randomized after a 4-week observation period to receive 0.7 mg/
kg/dose of fenfluramine, 0.2 mg/kg/dose of fenfluramine, or placebo [17]. 
A total of 242 patients completed the trial [17]. Median percent reduction 
in drop seizure frequency was 26.5 percentage points in patients receiving 
0.7 mg/kg/dose of fenfluramine, 14.2 percentage points in patients receiving 
0.2 mg/kg/dose of fenfluramine, and 7.6 percentage points in the placebo 
group [17]. The study also concluded that 25% of patients in the 0.7 mg/kg/
dose arm of fenfluramine experienced a 50% or greater reduction in drop 
seizure frequency, 28% in the 0.2 mg/kg/dose group, and 10% in the pla-
cebo group [17]. The study reported a 45.7% reduction in generalized tonic 
clonic seizure frequency in the 0.7 mg/kg/dose group, 58% in the 0.2 mg/
kg/dose group, and a 3.7% increase in the placebo group [17]. Notably, no 
patients enrolled in the trial experienced valvular heart disease or pulmonary 
hypertension [17].

Open label‑interventional trials

No open label-interventional trials have reached completion at this time.

Additional information on safety

Safety concerns have been a major reservation in some groups of neurolo-
gists given the drugs’ initial withdrawal from the market due to associated 
valvular dysfunction in the 1990s. Extensive monitoring has been key to 
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fenfluramine’s resurgence to the market for patients with epilepsy. Long-term 
open safety studies have examined the cardiovascular safety of fenfluramine 
particularly in patients with DS and have found a low risk of developing 
cardiac valvulopathy and pulmonary artery hypertension [8, 18]. There 
have been no reported valvular cardiac adverse events in over 1500 patients 
treated with fenfluramine [18]. Given the historical information and con-
cerns, the current guidelines recommend an echocardiogram every 6 months 
for patients taking fenfluramine and once 3–6 months following cessation 
of the drug [19].

Fenfluramine did not prolong QT interval in adults at a dose of 4 times 
maximum recommended dose [3].

Clinical trials: what is on the horizon?

Many clinical trials are on the horizon for fenfluramine. Trials are investigat-
ing the utility of fenfluramine in refractory infantile spasms, CDKL5 defi-
ciency disorder, Sunflower syndrome, and children and adults with epileptic 
encephalopathy.

Fenfluramine in refractory infantile spasms is being studied 
(NCT04289467) to determine the number of participants with resolution 
of epileptic spasms and hypsarrhythmia. This open label study will assess 
patients with overnight EEG 21 days after treatment.

Patients with Sunflower syndrome and CDKL5 deficiency disorder are also 
being studied in trials (NCT03790137, NCT03861871) using fenfluramine. 
The study on patients with Sunflower syndrome has planned to assess change 
in frequency of absence seizures associated with hand waving with an upward 
titration of fenfluramine starting at 0.2 mg/kg/day for the first 14 days. That 
dose will then be increased every 2 weeks as tolerated by 0.2 mg/kg/day to a 
maximum dose of 0.8 mg/kg/day. Patients with CDKL5 DD will use fenflu-
ramine to assess the median frequency of monthly convulsive seizures.

Finally, a study (NCT03936777) in children and adults with epileptic 
encephalopathy including DS and LGS will monitor changes in adverse events 
and test results with the use of fenfluramine.

Conclusion

Fenfluramine’s history and re-emergence on the market have created a mixed 
climate of skepticism and optimism given its initial withdrawal despite 
remarkable efficacy. The completed studies suggest that fenfluramine is both 
a safe and efficacious adjunctive therapy in preventing convulsive and drop 
seizures associated with DS and LGS [9, 20–22]. Fenfluramine suggested 
mechanism of action and available human evidence likely support its efficacy 
as an add-on therapy for more seizure types and calls for further research to 
expand its clinical use.
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