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Abstract
Fenfluramine  (Fintepla®) is an oral anti-seizure medication (ASM) with a novel mechanism of action consisting of activity in the 
serotonergic system coupled with positive allosteric modulation effects at sigma-1 receptors. Originally approved for use at high 
doses as an appetite suppressant, it was subsequently withdrawn after being linked to valvular heart disease (VHD) and pulmonary 
arterial hypertension (PAH), before being investigated for use at low doses as an adjunctive ASM in patients with developmental 
epileptic encephalopathies, including Dravet syndrome (DS) and Lennox-Gastaut syndrome (LGS) who have pharmacoresistant 
seizures. In clinical trials, treatment with adjunctive fenfluramine markedly reduced convulsive seizure frequency in patients with DS 
that were sustained for up to 3 years, and reduced drop seizure frequency in patients with LGS that were sustained for up to 1 year. 
Notably, fenfluramine was also associated with clinically meaningful improvements in aspects of everyday executive functioning 
(EF) not entirely explainable by seizure reduction alone. Furthermore, it was generally well tolerated with, importantly, no reports 
of VHD or PAH. Thus, adjunctive fenfluramine is a novel and effective treatment for pharmacoresistant seizures associated with DS 
and LGS that may also improve aspects of everyday EF in some patients.

Plain Language Summary
Emerging in infancy and childhood, respectively, Dravet syndrome (DS) and Lennox-Gastaut syndrome (LGS) are severe devel-
opmental and epileptic encephalopathies. They are characterized by seizures that are frequently ‘pharmacoresistant’ [i.e. cannot be 
controlled by ≥ 2 anti-seizure medications (ASMs)] and that, along with cognitive and behavioural comorbidities, can have a major 
impact on the quality of life of patients (and their caregivers/family members) as they grow. Fenfluramine  (Fintepla®) is an oral 
ASM with a distinctive dual mechanism of action, that is used at low doses. In clinical trials in patients with DS or LGS, adding 
fenfluramine to the existing ASM regimen produced significant and sustained reductions in pharmacoresistant seizures and was 
associated with clinically meaningful improvements in aspects of everyday executive functioning (EF; i.e. the ability to regulate 
cognition, emotions and/or behaviour). Importantly, there was no evidence of the heart complications previously observed with the 
use of high doses of fenfluramine as an appetite suppressant. Adjunctive fenfluramine is an effective and generally well-tolerated 
treatment for pharmacoresistant seizures associated with DS and LGS that may also improve aspects of everyday EF in some patients.
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1 Introduction

Dravet syndrome (DS) and Lennox-Gastaut syndrome 
(LGS) are rare, but nonetheless severe, developmental 
epileptic encephalopathies (DEEs), with infantile- and 
childhood-onset, respectively [1–3]. Among other fea-
tures, both conditions are characterized by multiple types 
of seizures, varying degrees of cognitive dysfunction and 
behavioural problems, and a high mortality rate [1–3]. 
Both are highly treatment-resistant, with seizures often 
remaining poorly controlled, despite polypharmacy with 
anti-seizure medications (ASMs), such as valproate, 
clobazam and stiripentol in DS, and valproate, clobazam, 
lamotrigine and topiramate in LGS [1–3]. Despite the 
availability of > 30 first, second and third generation 
ASMs with mechanisms of action that fall into four broad 
categories [4], there continues to be a need for innova-
tive ASMs with distinct mechanism(s) of action that can 
reduce refractory seizures (and potentially also improve 
other comorbidities) in DS and LGS [5, 6]. Administered 
orally, fenfluramine  (Fintepla®) is a novel adjunctive 
ASM with dual activities as a pro-serotonergic agent and 
as a positive allosteric modulator of sigma-1 receptors 
(σ1-Rs) [1, 2, 6, 7]. It is suggested that the activity of the 
drug at serotonin (5-HT) receptors primarily increases 
inhibitory γ-aminobutyric acidic signalling, while that at 
σ1-Rs primarily decreases excitatory glutamatergic sig-
nalling [7].

Oral fenfluramine is approved in the EU for the treat-
ment of seizures associated with DS and LGS as an add-
on therapy to other ASMs for patients aged ≥ 2 years [8]. 
Additionally, it is approved in the USA for the treatment 
of seizures associated with DS and LGS in patients aged 
≥ 2 years [9], as well as in Japan for the treatment of 
seizures associated with DS in patients aged ≥ 2 years 
whose seizures are not controlled by other ASMs [10]. Of 
note, fenfluramine has been repositioned from an appetite 
suppressant to an ASM [11, 12]. In this respect, it is used 
at comparatively low doses in patients with DS and LGS 
(maximum 17–26 mg/day; Sect. 6), having previously 
been used at relatively high doses (typically 60–120 mg/
day; often in combination with phentermine) as an appetite 
suppressant in adults with obesity until 1997, when it was 
withdrawn due to an association with the serious cardio-
vascular (CV) adverse events (AEs) of valvular heart dis-
ease (VHD) and pulmonary arterial hypertension (PAH) 
[6, 11]. This review focuses on the efficacy and tolerabil-
ity of low-dose fenfluramine in patients with DS or LGS. 
Relevant pharmacological properties of the drug are also 
discussed.

2  Pharmacodynamic Properties 
of Fenfluramine

Although the exact mechanism(s) underlying their therapeu-
tic effects in DS and LGS are still being elucidated, fenflu-
ramine and its major active metabolite, norfenfluramine, are 
thought to reduce seizures and potentially improve cognitive 
impairment associated with these conditions via actions on 
certain 5-HT receptors, as well as on σ1-Rs [5–7, 13, 14].

Fenfluramine exhibits both indirect and direct serotonergic 
activities [6, 13]. It is a 5-HT-releasing agent that increases 
extracellular 5-HT levels by disrupting vesicular storage of 
the transmitter and inhibiting its pre-synaptic re-uptake [15]. 
In addition, fenfluramine and norfenfluramine exhibited antie-
pileptiform activity attributed to agonism at 5-HT1D, 5-HT2A, 
5-HT2C and 5-HT4 receptors, as well as antagonism at 5-HT1A 
receptors in preclinical (rodent and Zebrafish) models of sei-
zures or epilepsy [14, 16–19]. Thus, although agonism at 
5-HT1D, 5-HT2A and 5-HT2C receptors is thought to be pri-
marily responsible for the anti-seizure activity of the drug [6, 
13], 5-HT4 agonism and 5-HT1A antagonism may also have a 
role [13, 19]. Agonism of 5-HT2C receptors is also thought to 
contribute directly to the anorectic effect of fenfluramine [13], 
while additional agonism at 5-HT2B receptors is associated 
with the drug-induced valvulopathy that led to the previous 
withdrawal of the high-dose formulation (Sect. 1) [5]. Of note, 
both fenfluramine and norfenfluramine consist of a racemic 
mixture of two (d- and l-) isomers [6, 13, 20]; both l-isomers 
of the parent compound, as well as the d-isomer of the active 
metabolite, contributed to the efficacy of fenfluramine in the 
Zebrafish model of DS [20].

The interaction(s) between fenfluramine and norfenflu-
ramine and σ1-Rs appear complex and multifaceted. For 
example, fenfluramine and norfenfluramine displayed antie-
pileptiform activity attributed to antagonism at σ1-Rs in the 
aforementioned animal models of seizures [16] and DS [18]. 
In a chemically-induced rodent model of amnesia, however, 
fenfluramine behaved as positive allosteric modulators of 
σ1-Rs and attenuated learning deficits, whereas norfenflu-
ramine acted as antagonists of σ1-Rs and exhibited no such 
cognitive benefit [7, 21].

3  Pharmacokinetic Properties 
of Fenfluramine

Following a single oral dose of fenfluramine 0.7 mg/kg in 
fed healthy volunteers, the time to the maximum plasma 
concentration  (Cmax) of fenfluramine and norfenfluramine 
(the major active metabolite of fenfluramine) was 3 h and 12 
h [22]. The  Cmax and area under the plasma concentration-
time curve from time zero to infinity (AUC 0–∞) appeared 
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dose-proportional for fenfluramine, but less than dose-pro-
portional for norfenfluramine, over the dose range of 0.35–0.7 
mg/kg [8]. Steady-state for fenfluramine and norfenfluramine 
was reached in ≈ 4 and ≈ 5 days, respectively, with a  Cmax 
accumulation ratio of 3.7- and 6.4-fold, respectively [8]. The 
absolute bioavailability of fenfluramine is 75–83%, and food 
has no effect on the absorption and bioavailability of, or sys-
temic exposure to, fenfluramine [8, 9, 22]. Fenfluramine is 
50% bound to human plasma proteins in vitro (binding is 
independent of fenfluramine concentration) and the geomet-
ric mean (GM) volume of distribution of orally administered 
fenfluramine in healthy volunteers is 11.9 L/kg [8].

Fenfluramine is largely (> 75%) metabolised to norfenflu-
ramine prior to elimination, mainly by CYP1A2, CYP2B6 
and CYP2D6, and, to a minor extent, CYP2C9, CYP2C19 
and CYP3A4/5 [8, 9]. Norfenfluramine is then deaminated 
and oxidized to form inactive metabolites, a process that 
may also involve glucuronidation [8, 9]. Most (> 90%) of 
an orally administered dose of fenfluramine is excreted in 
the urine, predominantly as parent drug and metabolites; 
< 5% is found in the faeces [8, 9]. The GM clearance of 
orally administered fenfluramine in healthy volunteers is 6.9 
L/h; the elimination half-lives of fenfluramine and norfen-
fluramine are 20 h and ≈ 30 h, respectively [8].

Age, gender, race, body mass index and CYP genetic 
polymorphisms have no notable effects on the pharmacoki-
netics of fenfluramine or norfenfluramine [8, 9]. No clinical 
data are available concerning the effects of mild or moder-
ate kidney impairment on the pharmacokinetics of fenflu-
ramine and norfenfluramine [8]; however, in patients with 
severe kidney impairment (i.e. estimated glomerular filtra-
tion rate ≥ 15 to < 30 mL/min/1.73m2), the  Cmax and AUC 
0–∞ of fenfluramine and norfenfluramine following a single 
oral dose of fenfluramine 0.35 mg/kg were up to 20% and 
88%, respectively, higher than in matched healthy volunteers 
[8, 9]. Additionally, after a single oral dose of fenfluramine 
0.35 mg/kg, the combined molar  Cmax and AUC from time 
zero to the last measurable concentration (AUC 0–t) of fen-
fluramine were increased by up to 8% and 82%, respectively, 
in patients with mild, moderate or severe liver impairment 
compared with those with normal liver function [9]. Dosage 
modifications may be required in patients with kidney or 
liver impairment (Sect. 6) [8, 9].

In a drug-drug interaction study, coadministration of a 
single oral dose of fenfluramine 0.7 mg/kg with single oral 
doses of stiripentol 3.5 g, clobazam 20 mg and valproate 25 
mg/kg (maximum 1.5 g) increased exposure to fenfluramine 
by ≈ 70% while decreasing exposure to norfenfluramine by 
≈ 40% compared with a single oral dose of fenfluramine 
0.7 mg/kg alone [23]. Thus, the maximum daily dose of 
fenfluramine should be reduced when coadministered with 
stiripentol-containing ASM regimens (Sect. 6) [8, 9, 23].

Fenfluramine and norfenfluramine are not inhibitors or 
inducers of CYP enzymes [8, 9]. However, as they are pri-
marily metabolized by CYP1A2, CYP2B6 and CYP2D6, 
coadministration of fenfluramine with strong CYP1A2 or 
CYP2D6 inhibitors or strong CYP1A2, CYP2B6 or CYP3A 
inducers increases or decreases plasma concentrations of 
fenfluramine. If coadministration with these agents is 
unavoidable, dosage modification of fenfluramine may be 
required (Sect. 6) [8, 9].

4  Therapeutic Efficacy of Fenfluramine

4.1  Dravet Syndrome

4.1.1  Clinical Trials

Based on encouraging early results from an ongoing open-
label, investigator-initiated, phase II study [13], the efficacy 
of adjunctive fenfluramine against treatment-resistant sei-
zures associated with DS was evaluated in three randomized, 
double-blind, placebo-controlled, multinational, phase III 
trials (hereafter referred to as Studies 1 [24], 2 [25] and 3 
[26]). The longer-term efficacy of the drug was assessed in 
an open-label extension (OLE) study that enrolled patients 
who completed any of Studies 1–3 [27–29].

Eligible patients in Studies 1–3 were males and females 
aged 2–18 years with a clinical diagnosis of DS who expe-
rienced ≥ 6 convulsive seizures during a 6-week baseline 
observation period, despite receiving stable ASM therapy 
[24, 26]. In addition, in order to participate in Study 2, the 
existing ASM regimen of patients had to include stiripentol 
(plus clobazam and/or valproate, at a minimum) [25]. Con-
versely, patients who had received stiripentol within 3 weeks 
before screening were ineligible to participate in Studies 1 
and 3 [24, 26].

Of note, Studies 1 and 3 were prospective-merged analy-
ses of patients from two identical, randomized, double-blind, 
placebo-controlled trials, one of which was conducted in 
North America and the other in Europe, Australia and Japan 
[30]. Databases of Studies 1 and 3 were combined due to 
slow enrolment, with the first 119 participants forming the 
Study 1 patient population, and the final 143 participants 
forming the Study 3 patient population [30]. Study 2 (87 par-
ticipants) was conducted in North America and Europe [25].

Following the 6-week baseline period, Study 2 partici-
pants were randomized and stratified according to age (< 6 
vs ≥ 6 years) to receive placebo or fenfluramine 0.4 mg/kg/
day (uptitrated from 0.2 mg/kg/day over a 3-week period; 
maximum daily dose 17 mg) on top of their stiripentol-
including ASM regimen for a total of 15 weeks (Table 1) 



926 J. E. Frampton 

[25]. Study 1 and 3 participants were randomized and, where 
known [24], stratified according to age (< 6 vs ≥ 6 years), 
to receive placebo, fenfluramine 0.2 mg/kg/day or fenflu-
ramine 0.7 mg/kg/day (uptitrated from 0.2 mg/kg/day over a 
2-week period; maximum daily dose 26 mg) on top of their 
stiripentol-excluding ASM regimen for a total of 14 weeks 
(Table 1) [24, 26]. The primary efficacy endpoint was the 
change in the mean monthly convulsive seizure frequency 
(MCSF) during the total treatment period compared with 
baseline in the fenfluramine 0.4 mg/kg/day group versus pla-
cebo (Study 2 [25]) or the fenfluramine 0.7 mg/kg/day group 
versus placebo (Studies 1 and 3 [24, 26]) [Table 1]. Patient 
demographics and baseline characteristics were comparable 
across the treatment arms in all three studies [24–26].

Patients receiving fenfluramine 0.7 mg/kg/day in Stud-
ies 1 and 3 demonstrated a > 60% greater reduction from 
baseline in mean MCSF than those receiving placebo, while 
those receiving fenfluramine 0.4 mg/kg/day with stiripentol 
in Study 2 showed a > 50% greater reduction from base-
line in mean MCSF than those receiving placebo (Table 1) 
[24–26]. Fenfluramine at dosages of 0.2 and 0.7 mg/kg/day 
in Studies 1 and 3, and at 0.4 mg/kg/day with stiripentol in 
Study 2, was also significantly more effective than placebo 
for all prespecified key secondary endpoints in the respective 
studies, including the 50% responder rate [RR50; the propor-
tion of patients achieving a ≥ 50% (‘clinically meaningful’) 
reduction in in seizure frequency], the 75% responder rate 
[RR75; the proportion of patients achieving a ≥ 75% (‘pro-
found’) reduction in in seizure frequency] [26], and the dura-
tion of the longest seizure-free interval (Table 1) [24–26]. 
There was an apparent dose-response relationship for fenflu-
ramine on the primary and all key secondary endpoints, both 
in Study 1 [24] and Study 3 [26] (Table 1). Additionally, 
according to a number-needed-to treat analysis of pooled 
data from Studies 1 and 2, one of every two to three patients 
with DS achieved RR50 or RR75 with fenfluramine com-
pared with placebo [31].

According to a post hoc analysis, fenfluramine 0.7 mg/kg/
day provided significantly more convulsive-seizure-free days 
per month than placebo in Study 1 (median 24.4 vs 15.1; p 
= 0.012), as did fenfluramine 0.4 mg/kg/day with stiripentol 
in Study 2 (median 24.4 vs 20.3; p = 0.001) [32]. Addition-
ally, the proportion of patients who achieved near-freedom 
from convulsive seizures was higher than with placebo in the 
fenfluramine 0.4 mg/kg/day with stiripentol group in Study 
2, and in the fenfluramine 0.7 mg/kg/day group in Study 1 
(Table 1).

In seizure-type subgroup analyses, fenfluramine 0.2 mg/
kg/day, 0.4 mg/kg/day (with stiripentol) and 0.7 mg/kg/day 
reduced the frequency of generalized tonic-clonic (GTC) 
seizures by a median of 48%, 64% and 80%, respectively, 
versus 10% for placebo, and reduced the frequency of focal-
to-bilateral tonic-clonic seizures by a median of 69%, 33% 

and 97%, respectively, versus 39% for placebo (pooled data 
from Studies 1 and 2) [33].

With regard to quality of life (QOL), fenfluramine was 
not associated with an improvement on the Quality of 
Life in Childhood Epilepsy Scale or the Pediatric Quality 
of Life Inventory (PedsQL) in Study 2 [25]; however, in 
Study 1, fenfluramine showed significant (p ≤ 0.02 vs pla-
cebo) improvements in the PedsQL total score [24]. Simi-
larly, whereas fenfluramine 0.4 mg/kg/day with stiripentol 
exhibited no effect on executive functioning (EF) in Study 2 
[25], as assessed using the age-appropriate Behaviour Rat-
ing Inventory of Executive Function (BRIEF) instrument 
[i.e. BRIEF-Preschool (P) version for patients aged 2–5 
years; BRIEF for those aged 5–18 years], both the 0.2 and 
0.7 mg/kg/day dosages showed significant (p < 0.02 vs pla-
cebo) improvements on the BRIEF Behavioural Regulatory 
Index (BRI) in Study 1 [24]. The 0.7 mg/kg/day dosage also 
showed a significant (p = 0.02 vs placebo) improvement on 
the BRIEF summary score [Global Executive Composite 
(GEC)] [24].

Moreover, fenfluramine was associated with dose-
dependent, clinically meaningful improvements (CMIs) 
in ≥ 1 aspect of everyday EF in a subgroup of preschool 
children [n = 61; median age 3 (range 2–4) years] with 
DS and high baseline everyday EF impairment (post hoc 
analysis of pooled data from Studies 1 and 2) [34]. Specifi-
cally, 3 (20%) of 15 fenfluramine 0.2 mg/kg/day recipients, 
3 (30%) of 10 fenfluramine 0.4 mg/kg/day with stiripentol 
recipients and 9 (64%) of 14 fenfluramine 0.7 mg/kg/day 
recipients achieved CMIs in ≥ 1 BRIEF-P index [Inhibi-
tory Self-Control (ISCI); Flexibility (FI) and Emergent 
Metacognition (EMI)] compared with 2 (9%) of 22 placebo 
recipients [reliable change index (RCI) ≥ 90% certainty]; 
9 (53%) of these 17 patients also had RR50. Regarding 
the individual BRIEF-P indexes/composite, patients in the 
combined fenfluramine 0.2 and 0.7 mg/kg/day groups were 
significantly more likely than those in the placebo group to 
experience CMIs in ICSI (31% vs 5%; p = 0.022), FI (21% 
vs 0%; p = 0.042) and GEC (21% vs 0%; p = 0.042), but 
not EMI (15% vs 5%). Patients in the 0.7 mg/kg/day group 
were significantly more likely than those in the 0.2 mg/
kg/day group to experience CMIs in ICSI (50% vs 13%; 
p = 0.050) and EMI (29% vs 0%; p = 0.042), but not FI 
(36% vs 13%) or GEC (36% vs 7%) [RCI ≥ 90% certainty]. 
Treatment with fenfluramine 0.2 or 0.7 mg/kg/day was not 
associated with significant clinically meaningful worsening 
(CMW) in any BRIEF-P indexes/composite versus placebo 
(RCI ≥ 80% certainty) [34].

Longer term, adjunctive fenfluramine provided dura-
ble, clinically meaningful MCSF reductions for up to 3 
years in the ongoing OLE [27–29]. At the time of the most 
recent efficacy analysis (14 October 2019), 330 partici-
pants had been treated with fenfluramine for a median of 
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631 (range 7–1086) days; 282 and 128 patients had > 12 
and > 24 months of drug exposure, respectively [29]. Of 
note, all patients entering the OLE initiated fenfluramine 
at a dosage of 0.2 mg/kg/day, irrespective of what dosage 
(or treatment) they previously received in Study 1 or 2; 
following the first month of treatment, this was titrated 
up to a maximum of 0.7 mg/kg/day (maximum daily dos-
age 26 mg/day)] or 0.4 mg/kg/day in those concomitantly 
treated with stiripentol (maximum daily dosage 17 mg/
day). MCSF was significantly (p < 0.001) reduced by a 
median of 65% relative to baseline in the core studies. 
The RR50 and RR75 for MCSF were 63% and 38%; three 
patients were seizure-free during their entire time in the 
OLE [29]. Similar results were seen in the subgroup of 91 
preschool-aged children (< 6 years) [35].

Thus far, exploration of the longer-term effect of fen-
fluramine on everyday EF is limited to a post hoc analysis 
of 58 patients [mean age 11 (range 5–18) years] who had 
enrolled from Study 1 and completed ≥ 1 year of treatment 
in the OLE [36]. The patients who had a median reduction 
in MCSF relative to baseline in the core study of 75%, were 
divided into two groups: those who had a ≥ 50% MCSF 
reduction (n = 45); and those who had a < 50% MCSF 
reduction (n = 13). Patients in the ≥ 50% MCSF reduction 
group were significantly more likely than those in the < 50% 
MCSF reduction group to experience CMIs in the Emotion 
Regulation Index (ERI; p = 0.002) and the Cognitive Reg-
ulation Index (CRI; p = 0.001) of the BRIEF-2nd edition 
(BRIEF-2) [RCI ≥ 95% certainty] [36].

Table 1  Efficacy of fenfluramine as adjunctive therapy for treatment-resistant seizures in Dravet syndrome: results from randomized, 
double-blind, placebo-controlled, multinational, phase III trials

All studies consisted of a 6-week BL period followed by a 14-week treatment period (2 weeks’ titration then 12 weeks’ maintenance) in Studies 
1 [24] and 3 [26] or a 15-week treatment period (3 weeks’ titration then 12 weeks’ maintenance) in Study 2 [25]. Pts’ background anti-epileptic 
drug regimen either included (Study 2 [25]) or excluded (Studies 1 [24] and 3 [26]) stiripentol
(Δ)BL (change from) BL, CGI-I Clinical Global Impression of Improvement, CMI clinically meaningful improvement, CS convulsive seizure, 
FFA fenfluramine, MCSF monthly (i.e. 28-day) CS frequency, Med. median, MITT modified intent-to-treat, MTSF monthly total seizure fre-
quency, NR not reported, PL placebo, pts patients, RR25/50/75 25%/50%/75% responder rate
*p < 0.05, **p ≤ 0.01, ***p ≤ 0.001 vs PL
a Assessed during the combined titration and maintenance periods (except median no. BL MCSF), mITT analyss
b Key secondary endpoint. Along with the primary endpoint, all key secondary endpoints were analysed in a hierarchical manner in each study
c Primary endpoint
d RR25/50/75 = proportion of pts with ≥ 25%/≥ 50% (‘clinically meaningful’)/75% (‘profound’) reduction from BL in MCSF
e Throughout the combined titration and maintenance periods
f Rating of ‘much’ or ‘very much’ improved
g Investigator-rated
h Caregiver- or parent-rated

Outcomea Study 1 [24] Study 2 [25] Study 3 [26]

FFA 0.2  
mg/kg/d
(n = 39)

FFA 0.7   
mg/kg/d
(n = 40)

PL 
(n = 40)

FFA 0.4  
mg/kg/d 
(n = 43)

PL 
(n = 44)

FFA 0.2   
mg/kg/d
(n = 46)

FFA 0.7   
mg/kg/d
(n = 48)

PL
 (n = 48)

Med. BL MCSF 17.5 20.7 27.3 14.0 10.7 18.0 13.0 12.7
Med. % ΔBL in MCSF – 42.3 – 74.9*** – 19.2 –  63.1*** – 1.1 – 47.0 – 73.7 – 7.6
ΔBL in mean MCSF vs 

PL (%)
– 32.4*b – 62.3***c — – 54***c — – 49.9***b – 64.8***c —

RR25/50/75d (% pts) 67**/38**b/
23*

90***/68***b/
50***

35/12/2 70***/54.0***b/
35**

27/5/2 72***b/46***b/
28**b

83***b/73***b/
48***b

27/6/4

CS free [CS =  0e] (% 
pts)

8 8 0 2 0 0 13 0

Near CS free [CS ≤  1e] 
(% pts)

13 25 0 12* 0 NR NR NR

Med. longest CS-free 
interval (d)b

15.0*b 25.0***b 9.5 22.0**b 13.0 18.5***b 30.0***b 10.0

Med. % ΔBL in MTSF – 41.1* – 68.3*** – 16.2 –  41.1** – 5.9 NR NR NR
CMI on CGI-I  scalef 

(%pts)
41**g/41**h 62***g/55***h 10g/10h 44**g/33h 16g/21h 37**g/35***h 65***g/63h 16g/21h
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4.1.2  Real‑World Studies

Experience from the EU expanded access programme 
(EAP) for fenfluramine has provided real-world evidence of 
its effectiveness against treatment-resistant seizures associ-
ated with DS in a clinical practice setting [37]. Consistent 
with their counterparts in phase III studies (Sect. 4.1.1), the 
majority of children and adolescents with DS included in 
this post hoc pooled analysis of EU EAP participants had 
clinically meaningful reductions in MCSF that were sus-
tained through 12 months of treatment with fenfluramine 
(Table 2). Moreover, similar results were seen in adults 
with DS included in this analysis (Table 2) [37]. A total of 
149 patients were evaluated (52 from Italy, 78 from Ger-
many, and 19 from Spain and the UK); results for the Ital-
ian [38] and German [39] cohorts have also been published 
separately.

4.2  Lennox‑Gastaut Syndrome

Based on the findings of an open-label, phase II pilot study 
[40], the short-term efficacy of adjunctive fenfluramine 
against treatment-resistant seizures associated with LGS was 
evaluated in a randomized, double-blind, placebo-controlled, 
multinational, phase III trial [41]. Thereafter, the longer-
term efficacy of the drug was assessed in an OLE study that 
enrolled patients who completed the core study [42].

Eligible patients were males and females aged 2–35 years 
with an Epilepsy Study Consortium-confirmed diagnosis of 
LGS, a history of seizure onset aged ≤ 11 years, multiple sei-
zure types and abnormal cognitive development who experi-
enced ≥ 2 drop seizures per week during a 4-week baseline 
observation period, despite receiving stable anticonvulsant 
therapy (including ≥ 1 but ≤ 4 concomitant ASMs). The 
study was conducted in North America, Europe and Aus-
tralia [41].

Following the 4-week baseline, trial participants were 
randomized and stratified according to body weight (< 37.5 
vs ≥ 37.5 kg) to receive placebo, fenfluramine 0.2 mg/kg/
day or fenfluramine 0.7 mg/kg/day (uptitrated from 0.2 
mg/kg/day over a 2-week period; maximum daily dose 26 
mg) on top of their current ASM regimen for a total of 14 
weeks [41]. The primary efficacy endpoint was the percent 
change from baseline in the mean monthly drop seizure 
frequency (MDSF) during the total treatment period in the 
fenfluramine 0.7 mg/kg/day group versus the placebo group. 
Patient demographics and baseline characteristics were com-
parable across the three treatment arms [41].

Fenfluramine 0.7 mg/kg/day, but not 0.2 mg/kg/day, sig-
nificantly reduced the mean MDSF relative to placebo; both 
dosage strengths significantly increased the RR50 (Table 3) 

[41]. Fenfluramine 0.7 mg/kg/day also significantly (p = 
0.003) reduced the frequency of all countable motor sei-
zures during the total treatment period by a median of 26% 
from baseline. Moreover, a seizure-type subgroup analysis 
suggested that GTC seizures were the most responsive to 
fenfluramine. The median percentage differences from pla-
cebo in GTC seizure frequency in the 0.2 and 0.7 mg/kg/day 
groups (n = 38 and 38) were, respectively, − 60% and − 50 
% (both p ≤ 0.001) [41].

Fenfluramine improved some aspects of everyday EF in 
subgroups of children and adolescents aged 6–18 years (n 
= 137) [43, 44] and adults aged 19–35 years (n = 57) [45], 
many of whom had high baseline everyday EF impairment, 
as assessed using the BRIEF-2 and BRIEF-Adult version 
(BRIEF-A) instruments, respectively (post hoc analyses). 
Among children and adolescents, approximately twice as 
many patients in the combined fenfluramine 0.2 and 0.7 mg/
kg/day groups (n = 92) achieved a CMI in BRI (24% vs 
13%), CRI (27% vs 13%) and GEC (25% vs 11%) compared 
with those in the placebo group (n = 45) [RCI ≥ 95% cer-
tainty] [43]; these effects did not appear to be dose-related 
[44]. Among adults, patients in the combined fenfluramine 
0.2 and 0.7 mg/kg/day groups (n = 18 and 16, respectively) 
were significantly more likely to experience CMIs in BRI 
(28% and 25% vs 4%; p = 0.040), MI (28% and 31% vs 4%; 
p = 0.015) and GEC (33% and 31% vs 9%; p = 0.048), than 
those in the placebo group (n = 23) [RCI ≥ 90% certainty]; 
as such, ≈ 1 in 3 fenfluramine recipients achieved CMIs in 
all aspects of everyday EF [45]. Treatment with fenfluramine 
0.2 or 0.7 mg/kg/day was not associated with significant 
CMW in any BRIEF-2 [44] or -A [45] indexes/composites 
versus placebo (RCI ≥ 80% certainty).

Longer term, fenfluramine produced sustained, clini-
cally meaningful MDSF reductions for over 1 year in the 
ongoing OLE [42]. At the time of the most recent interim 
analysis, 247 participants had been treated with fenfluramine 
for a median of 364 days; 170 and 142 had up to 12 and 15 
months of drug exposure, respectively. All patients started 
on fenfluramine 0.2 mg/kg/day; after 1 month, this was upti-
trated to a maximum of 0.7 mg/kg/day/day (maximum daily 
dosage 26 mg/day). At months 3, 6, 9, 12 and 15 of the 
OLE, the MDSF was significantly (p < 0.0001) reduced by a 
median of 39%, 37%, 43%, 52% and 51%, respectively, rela-
tive to baseline in the core study. Over the entire OLE (n = 
241), the RR50 and RR75 for MDSF reductions were 31% 
and 12%; 1% of patients achieved either freedom or near-
freedom from drop seizures (i.e. ≤ 1 observed drop seizure). 
In seizure-type subgroup analyses, the median percentage 
decrease in the monthly frequency of GTC seizures was 49% 
(p < 0.0001 vs core study baseline) [42].
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5  Tolerability of Fenfluramine

In the phase III clinical trials discussed in Sect. 4, oral fen-
fluramine was generally well tolerated in patients with DS 
[24–30, 46] or LGS [41, 42], both in the short term (14–15 
weeks [24–26, 30, 41]) and in the longer term (up to 3.5 
years [27–29, 42, 46]). Real-world tolerability and safety 
data for fenfluramine were also consistent with the phase III 
clinical trial data [37].

Across the four 14- to 15-week core studies, non-CV 
treatment-emergent adverse events (TEAEs) were reported 
by 78–95% of patients receiving fenfluramine 0.2 mg/kg/
day and 90–98% of patients receiving either fenfluramine 
0.4 mg/kg/day (with stiripentol) or fenfluramine 0.7 mg/
kg/day versus 65–96% of those receiving placebo [25, 30, 
41]. The drug had a comparable adverse event (AE) pro-
file in patients with DS or LGS [41]. The most common 
TEAEs (i.e. reported in ≥ 10% of patients in any treat-
ment group in ≥ 3 of the 4 studies) were decreased appe-
tite (20–44% with fenfluramine vs 5–11% with placebo), 

diarrhoea (11–31% vs 5–8%), fatigue (7–26% vs 2–10%), 
pyrexia (5–26% vs 8–20%), somnolence (10–17% vs 
8–10% [30, 41]), lethargy (2–18% vs 2–5% [25, 30]) and 
nasopharyngitis (2–18% vs 10–34% [25, 30]) [25, 30, 41]. 
Most TEAEs were of mild to moderate intensity [24].

Clinically meaningful weight loss (≥ 7% reduction in 
baseline body weight) occurred in 2% [41] and 13% [24] of 
patients receiving fenfluramine 0.2 mg/kg/day versus 8–21% 
of those receiving fenfluramine 0.4 (with stiripentol) or 0.7 
mg/kg/day versus 2–5% of those receiving placebo [24, 25, 
41]. Thus, similar to decreased appetite (i.e. 20–26% with 
fenfluramine 0.2 mg/kg/day vs 36–44% with fenfluramine 
0.7 mg/kg/day [25, 30, 41]), weight loss with fenfluramine 
appeared to be dose-related [8, 9].

Serious non-CV TEAEs were reported by 4–14% of 
patients receiving fenfluramine 0.2, 0.4 (with stiripentol) 
or 0.7 mg/kg/day versus 4–16% of those receiving placebo 
across the four core studies; treatment discontinuations due 
to ≥ 1 TEAEs occurred in 0–13% versus 0–2% [25, 30, 41].

The AE profile of fenfluramine during longer-term treat-
ment in the OLEs was largely consistent with that during 
short-term treatment in the core studies [27–30, 41, 42, 46]. 
Moreover, the TEAEs of decreased appetite and weight loss 
appeared to resolve over time and/or could be effectively 
managed while continuing fenfluramine [27]. For exam-
ple, at the time of the earliest interim analysis of the OLE 
study for participants with DS (n = 232; median treatment 
duration 256 days), 37 (16%) patients developed decreased 
appetite and 31 (13%) patients lost ≥ 7% of their body 
weight at some time during the OLE. However, ≈ 50% of 
those with appetite loss subsequently experienced its recov-
ery over a median of 30 days in the study, while ≈ 40% of 
those with ≥ 7% weight loss subsequently experienced its 
recovery over 1–9 months in the study [27]. Pyrexia (32%), 
nasopharyngitis (29%), decreased blood glucose (25%), 
decreased appetite (24%), diarrhoea (20%), upper respira-
tory tract infection (17%) and seizure (16%) were the most 
common non-CV TEAEs that had occurred by the time of 
the latest interim analysis (n = 343; median treatment dura-
tion of 827 days) [46].

Fenfluramine had minimal additional impact on the 
(already impaired) growth of patients aged 2–18 years with 
DS, based on comparisons of changes in Z-scores for height 
and weight after 12 and 24 months of treatment in the OLE 
with historical control data from a reference population with 
this condition [47].

The assessment of the CV safety of fenfluramine in 
patients with DS or LGS included the prospective use 
of serial echocardiography (performed at baseline, after 
≈ 6–8 weeks of treatment and at study end in the core 
studies [24–26, 41]; and at study entry, after 4–6 weeks of 

Table 2  Real-world effectiveness of fenfluramine in patients with 
Dravet syndrome: post hoc pooled results from the EU early/
expanded access programme [37]

CGI-I Clinical Global Impression of Improvement, CMI clinically 
meaningful improvement, MCSF monthly convulsive seizure fre-
quency, pts patients, RR50/75 50%/75% responder rate, STP stiripen-
tol
a RR50/75 = proportion of pts with ≥ 50% (‘clinically meaning-
ful’)/75% (‘profound’) reduction from BL in MCSF
b Rating of ‘much’ or ‘very much’ improved

Outcome Results

RR50a for 
MCSF (% pts)

All pts (n = 149): 79 (at 3 mo)
Pts taking/not taking STP: 73/84 (at 3 mo)
Age: < 6 yr: 82, 81 and 84 (at 3, 6 and 12 mo)

        6–17 yr: 74, 73 and 72 (at 3, 6 and 12 mo)
         ≥ 18 yr: 86, 95 and 94 (at 3, 6 and 12 mo)

RR75a for 
MCSF (% pts)

All pts (n = 149): 56 (at 3 mo)
Pts taking/not taking STP: 54/60 (at 3 mo)
Age: < 6 yr: 62, 63 and 55 (at 3, 6 and 12 mo)

        6–17 yr: 53, 53 and 45 (at 3, 6 and 12 mo)
        ≥ 18 yr: 50, 50 and 58 (at 3, 6 and 12 mo)

Seizure-free  
(% pts)

All pts (n = 149): 26 (at 3 mo)
Age: < 6 yr: 34, 21 and 25 (at 3, 6 and 12 mo)

        6–17 yr: 18, 7 and 6 (at 3, 6 and 12 mo)
        ≥ 18 yr: 32, 35 and 22 (at 3, 6 and 12 mo)

CMIb on CGI-I 
scale (% pts)

All pts (n = 149): 62 (at last follow-up)
Age: < 6 yr: 70 (at last follow-up)

        6–17 yr: 56 (at last follow-up)
        ≥ 18 yr: 54 (at last follow-up)
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treatment, and then at 3-month intervals in the OLEs [27, 
42, 48, 49]) to monitor cardiac valve function and mor-
phological structure, as well as systolic pulmonary artery 
pressure (sPAP). VHD was defined as ≥ moderate mitral 
regurgitation or ≥ mild aortic regurgitation combined with 
physical signs or symptoms attributable to valve dysfunc-
tion; PAH was defined as sPAP > 35 mmHg [49]. No cases 
of VHD or PAH were observed at any time during treat-
ment with fenfluramine in the core studies [24–26, 41], 
or for up to 1 and 3.5 years in the OLEs for participants 
with LGS [42] and DS [46], respectively. All echocardio-
graphic examinations revealed valvular function within 
the normal physiological range in all patients throughout 
the trials [24–26, 29, 30, 41, 49]. Cardiac monitoring via 
echocardiogram is required before and every 6 months 
(for the first 2 years and then annually thereafter) during 
fenfluramine treatment in the EU [8]; and before, every 
6 months during, and 3–6 months after finishing, fenflu-
ramine treatment in the USA (black box warning) [9].

It should be noted that fenfluramine may cause mydria-
sis and precipitate angle closure glaucoma; patients with 
acute decreases in visual acuity or ocular pain could con-
sider discontinuing treatment [8, 9]. In addition, ASMs, 
including fenfluramine may increase the risk of suicidal 
behaviour and ideation; patients treated with fenfluramine 
should therefore be monitored for signs of suicidal behav-
iour or ideation [8, 9].

6  Dosage and Administration 
of Fenfluramine

Oral fenfluramine is approved in the EU and USA for the 
treatment of seizures associated with DS and LGS (as an 
add-on therapy to other ASMs in the EU) in patients aged 
≥ 2 years [8, 9]. Fenfluramine is administered as an oral 
solution twice daily (in two equally divided doses), with 
or without food. In patients with DS or LGS who are not 
receiving stiripentol, the recommended starting dosage of 
fenfluramine of 0.2 mg/kg/day is up-titrated at 7-day inter-
vals to 0.4 mg/kg/day, followed by a further increase to 
0.7 mg/kg/day [8, 9]. In patients with DS or LGS who are 
already receiving stiripentol, the recommended starting dos-
age of fenfluramine of 0.2 mg/kg/day is up-titrated after 4 
or 7 days (depending on the required rapidity of titration) 
to a maintenance dosage of 0.4 mg/kg/day in the EU [8]. 
Dosage recommendations for patients with DS or LGS who 
are already receiving stiripentol plus clobazam in the USA 
are the same as those in the EU, with the exception that 
the starting dosage of fenfluramine is increased (at 7-day 
intervals) first to 0.3 mg/kg/day and finally to 0.4 mg/kg/
day [9]. The maximum daily doses of fenfluramine with and 
without concomitant stiripentol (plus clobazam in the USA) 
are 17 and 26 mg, respectively [8, 9]. The dosage may be 
increased based on clinical response to the recommended 
maximum dosage in patients with DS, and the dosage should 

Table 3  Efficacy of fenfluramine as adjunctive therapy for treatment-resistant seizures in Lennox-Gastaut syndrome: results from a 
randomized, double-blind, placebo-controlled, multinational, phase III trial [41]

This study consisted of a 4-week BL period followed by a 14-week treatment period (2 weeks’ titration then 12 weeks’ maintenance)
(Δ)BL (change from) baseline, CGI-I Clinical Global Impression of Improvement, CMI clinically meaningful improvement, DS drop sei-
zure, FFA fenfluramine, MDSF monthly (i.e. 28-day) DS frequency, mITT modified intent-to-treat, NR not reported, PL placebo, pts patients, 
RR25/50/75 25%/50%/75% responder rate
*p < 0.05, ** p ≤ 0.01, *** p ≤ 0.001 vs PL
a Assessed during combined titration and maintenance periods (except median no. BL MDSF). mITT analysis
b Key secondary endpoint. Along with the primary endpoint, all key secondary endpoints were analysed in a hierarchical manner
c Primary endpoint
d RR25/50/75 = proportion of pts with ≥ 25%/≥ 50% (‘clinically meaningful’)/75% (‘profound’) reductions from BL in MDSF
e Throughout the combined titration and maintenance periods
f Improvement = rating of ‘minimally’, ‘much’ or ‘very much’ improved; CMI = rating of ‘much’ or ‘very much’ improved
g Investigator-rated
h Caregiver-rated

Outcomea FFA 0.2 mg/kg/d (n = 89) FFA 0.7 mg/kg/d (n = 87) PL (n = 87)

Median BL MDSF (no.) 85 83 53
Median % ΔBL in MDSF − 14.2 − 26.5*** 7.6
ΔBL in median MDSF vs PL (%) − 10.5b − 19.9***c –
RR25/50/75d (% pts) 47*/28**b/10 52**/25*b/8 31/10/4
DS free [DS =  0e] (% pts) 1 NR 1
Near DS free [DS =  1e] (% pts) 2 1 1
Improvement on CGI-I  scalef (% pts) 45b,g/44h 49b,g/61**h 34g/37h

CMI on CGI-I  scalef (% pts) 20**g/27***h 26***g/34***h 6g/5h
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be increased as tolerated to the recommended maintenance 
dosage in patients with LGS [8, 9].

In the EU, dosage adjustments are not recommended in 
patients with kidney impairment (although a slower titration 
may be considered) and the use of fenfluramine is not recom-
mended in patients with moderate or severe liver impairment 
[8]. In the USA, the maximum daily dose of fenfluramine 
without concomitant stiripentol is 20 mg in patients with 
concomitant use of a strong CYP1A2 or CYP2D6 inhibitor, 
those with mild or moderate liver impairment and those with 
severe kidney impairment; the maximum daily dose is 17 mg 
in patients with severe liver impairment [9]. The maximum 
daily doses of fenfluramine with concomitant stiripentol plus 
clobazam are 17, 13 and 17 mg, respectively, in patients with 
concomitant use of a strong CYP1A2 or CYP2D6 inhibitor, 
those with mild liver impairment and those with severe kid-
ney impairment, with its use not recommended in patients 
with moderate or severe liver impairment [9].

Consult local prescribing information for full details con-
cerning the use of fenfluramine, including dosage adminis-
tration, contraindications, special warnings and precautions, 
use in special patient populations, including pregnancy and 
breast feeding, and potential drug-drug interactions.

7  Place of Fenfluramine in the Management 
of Dravet and Lennox‑Gastaut Syndromes

Fenfluramine, having been successfully repositioned from 
an appetite suppressant (Sect. 1), is a novel ASM thought to 
reduce seizures in patients with DS and LGS through a com-
bination of inducing 5-HT release, agonism at 5-HT recep-
tors (primarily 5-HT1D, 5-HT2A and 5-HT2C) and activities 
at σ1-Rs (Sect. 2). This proposed dual mechanism of action 
(i.e. involving both serotonergic and non-serotonergic activi-
ties) not only differentiates fenfluramine from other types of 
ASMs [1, 2, 6, 13], but also from other serotonergic drugs 
(e.g. selective serotonin reuptake inhibitors), which have 
shown only marginal or inconsistent reductions in seizures 
in patients with DS [7].

In phase III studies, short-term (14–15 weeks) adjunctive 
treatment with fenfluramine at the maximum recommended 
maintenance dosage reduced the MCSF by > 50% and > 60% 
more than placebo in patients (children and adolescents) 
with DS whose seizures were inadequately controlled by 
their existing ASM regimen that contained or did not con-
tain stiripentol, respectively (Sect. 4.1). Fenfluramine also 
reduced the MDSF by ≈ 20% more than placebo in patients 
(children, adolescents and adults) with LGS whose seizures 
were inadequately controlled by their existing ASM regi-
men (Sect. 4.2). The marked reduction in day-to-day seizure 
burden in patients with DS was characterized by increases in 

the number of seizure-free days and in the interval between 
seizures (Sect. 4.1). Longer term, fenfluramine provided 
sustained, clinically meaningful reductions in the MCSF 
in patients with DS for up to 3 years (Sect. 4.1) and in the 
MDSF in patients with LGS for up to 1 year (Sect. 4.2) in 
ongoing OLEs.

In seizure subtype analyses in patients with DS and 
LGS, fenfluramine substantially reduced the frequency of 
GTCs (Sect. 4), which are the leading risk factor for sudden 
unexplained death in epilepsy (SUDEP) [50]. Indeed, the 
SUDEP mortality rate among patients with DS who received 
fenfluramine in phase III studies, the EU or USA EAPs or 
two long-term observational studies in Belgium (n = 732; 
1185.3 person-years of exposure) was markedly lower than 
that in literature reports [51]. Further data assessing the use 
of fenfluramine in reducing the SUDEP mortality risk would 
be of interest.

As well as treating seizures, managing the main cogni-
tive and behavioural comorbidities of DEEs is important, as 
these also have a profound impact on the QOL of patients 
and their caregivers that tends to exceed that of the sei-
zures as the patients grow [52, 53]. In this regard, many 
preschool-aged children with DEEs develop deficits in EF 
(i.e. self-regulation of cognition, emotion and behaviour) 
during this important period of neurodevelopment that can 
lead to reduced QOL and poor adaptive functioning later 
in life [34]. Interestingly, evidence from mostly post hoc 
exploratory (‘hypothesis-generating’) analyses suggests that 
fenfluramine is associated with CMIs in aspects of everyday 
EF in preschool-aged children with DS, school-aged children 
and adolescents with DS or LGS, and adults with LGS after 
only 14–15 weeks, as well as in school-aged children and 
adolescents with DS at 1 year (Sect. 4). In particular, in 
the preschool DS population, fenfluramine was associated 
with dose-dependent CMIs in ≥ 1 aspect of everyday EF that 
could not be entirely attributed to improved seizure control, 
suggesting that the drug may have direct effects on this non-
seizure outcome [34]. Moreover, findings for the adult LGS 
population suggest that fenfluramine treatment may improve 
everyday EF even when started late in neurodevelopment 
[45]. Prospective studies with predefined endpoints are war-
ranted to confirm the benefits of fenfluramine on everyday 
EF in the various age groups of patients with DS or LGS 
and to evaluate the long-term impact of early treatment (e.g. 
in preschool-aged children) on QOL and comorbidities [5].

Fenfluramine was generally well tolerated as a low-dose 
adjunctive treatment for seizures in patients with DS or LGS, 
both in the short term (14–15 weeks) and in the longer term 
(up to 1–3.5 years) (Sect. 5). Consistent with the drug being 
previously marketed as an appetite suppressant, decreased 
appetite was the most common TEAE in clinical trials and 
the EU EAP (Sect. 5). However, decreased appetite did not 
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correlate with clinically meaningful weight loss in clinical 
trials [24, 25, 41]. Moreover, despite careful monitoring 
of CV safety during the drug (re)development process, no 
evidence of the VHD or PAH that led to the previous with-
drawal of high-dose fenfluramine as an appetite suppres-
sant has thus far been detected with the drug as a low-dose 
adjunctive ASM (Sect. 5). Echocardiogram monitoring for 
VHD and PAH is, nonetheless, required prior to, during and 
after fenfluramine treatment (Sect. 5). Like decreased appe-
tite, weight loss caused by fenfluramine often resolves over 
time while continuing treatment and, notably, no long-term 
effects on weight and growth were seen in preschool- and 
school-aged children and adolescents with DS who received 
the drug for ≥ 2 years (Sect. 5).

The first fully published evaluations of the real-world 
effectiveness and tolerability of fenfluramine involve patients 
with DS enrolled in the EU EAP (Sect. 4.1.2) [37–39]. Not 
only do the data suggest that the anti-seizure benefits of 
fenfluramine seen in children and adolescents with DS in 
phase III clinical trials translate to their counterparts in clini-
cal practice, but also that they extend to adults (who were 
not included in the original phase III studies). Moreover, 
whereas ASM regimens were required to be stable in clinical 
trials, approximately half of patients receiving fenfluramine 
in the EU EAP were able to either reduce the dose of, or 
discontinue, a concomitant ASM [37]. Real-world data on 
the effectiveness of fenfluramine in patients with LGS are 
duly awaited. Additional evidence for the real-world benefits 
on QOL from the perspective of caregivers/family members 
of patients with DEEs (which may not be captured in clinical 
trials) is also desirable, as this will further assist in determin-
ing the full impact of fenfluramine therapy [54].

As set out in a therapeutic algorithm prepared at a recent 
International DS Consensus, fenfluramine, like stiripentol 
and clobazam, is considered a second-line therapy behind 
first-line valproate [53]. Cannabidiol, another novel adjunc-
tive ASM with a distinct mechanism of action (modulation 
of intracellular calcium and adenosine-mediated signalling 
[1, 2]), is regarded as a third-line therapy [53]. This place-
ment of fenfluramine relative to stiripentol and cannabidiol 
concurs with the results of two network meta-analyses of 
≥ 2 of these adjunctive ASMs, which have been performed 
in the absence of direct head-to-head trials [55, 56]. One 
found fenfluramine and stiripentol to be comparably effec-
tive and both more effective than cannabidiol, while fen-
fluramine was better tolerated than stiripentol followed by 
cannabidiol with respect to serious TEAEs [55]. The other 
also found fenfluramine to be more effective than canna-
bidiol, as well as better tolerated with respect to somno-
lence [56]. Pharmacoeconomic considerations may also 
favour fenfluramine over cannabidiol (with clobazam) for 
the treatment of seizures associated with DS, as the former 

extendedly dominated the latter in a cost-effectiveness 
analysis conducted in the UK [57], where fenfluramine 
(like cannabidiol/clobazam) has been recommended for 
adjunctive use by the National Institute of Health and Care 
Excellence in accordance with its EU-approved indication 
[58]. Currently, there is no standard treatment algorithm 
for LGS [6] and no relevant cost-effectiveness data for 
fenfluramine.

In conclusion, adjunctive fenfluramine is a novel and 
effective treatment for pharmacoresistant seizures associated 
with DS and LGS that may also improve aspects of everyday 
EF in some patients.

Data Selection Fenfluramine: 195 records 
identified 

Duplicates removed 5

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

29

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

103

Cited efficacy/tolerability articles 24

Cited articles not efficacy/tolerability 34

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were Fenfluramine, 
ZX-008, 3-trifluoromethyl-N-ethylamphetamine, Lennox-Gas-
taut Syndrome, Dravet syndrome, severe myoclonic epilepsy, 
polymorphic epilepsy. Records were limited to those in English 
language. Searches last updated 12 May 2023
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