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1. INTRODUCTION 
 
1.1 Drug-resistance in Epilepsy: clinical impact, definition and potential mechanism  

Epilepsy is a neurological disease characterized by the presence of spontaneous and 
recurrent seizures1, which affects about 50 million people worldwide2,3. Approximately 30% of 
these patients show drug-resistant epilepsy (DRE), with a substantial deleterious effect on 
individual health and quality of life and a heavy burden on society4,5. Regardless of the advances in 
the field of epilepsy and the acquisition of new antiepileptic drugs, the proportion of these patients 
remains unchanged. 
The characteristics of patients with DRE are ill defined, but possible unfavorable prognostic factors 
include an early onset of epilepsy, the presence of symptomatic or cryptogenic epilepsy, multiple 
type of seizures, large number of seizures before treatment, complex febrile seizures or febrile status 
epilepticus, presence of developmental delay/intellectual disability and generalized epileptiform 
activity on surface electroencephalography (EEG) 6.  
In 2010, to improve patient care and facilitate clinical research, the International League Against 
Epilepsy (ILAE) task force defined drug-resistant epilepsy as “failure of adequate trials of two 
tolerated and appropriately chosen and used antiseizure medication (ASM) schedules (whether as 
monotherapies or in combination) to achieve sustained seizure freedom”7. Seizure freedom is 
chosen as the treatment goal because studies suggest that absolute seizure freedom is consistently 
associated with quality of life8 and it is defined as “freedom from seizures for a minimum of three 
times the longest preintervention inter-seizure interval (based on seizures occurring within the past 
12 months) or 12 months, whichever is longer” 7. Two factors, therefore, determine the duration of 
time required to suggest that a sustained period of seizure control has been met. One is the 
pretreatment seizure frequency: a patient with a pretreatment seizure frequency of one seizure per 
year should require a longer post-treatment period to determine efficacy compared to a person with 
a seizure frequency of one per week. The longest seizure-free interval in the preceding pre-treatment 
year can be used when determining the period of time deemed significant in the post-treatment 
period. This post-treatment period can be estimated as 3 times longer than the pretreatment seizure 
frequency or a sustained period of seizure freedom for 12 months, whichever is longer7,8.  
Several points should be emphasized about the definition of drug resistant epilepsy. First, the 
anticonvulsant medication should be appropriately selected for the individual’s seizure or epilepsy 
type7: long-term outcome studies in newly treated patients with epilepsy suggest that, after failure 
of two well-tolerated ASM schedules appropriately chosen for the seizure type(s), the chance of 
success with further drug manipulation becomes progressively less likely9. Second, an adequate 
dose should be used for a significant length of time prior to discontinuing the medication trial: 
anticonvulsants may appear to fail when they are not used in the appropriate doses. Tremendous 
intersubject variation exists in what an appropriate dose is for a given person, so it is hard to define 
an effective dose range for a specific drug. An inappropriate ceiling dose can occur if there is 
reliance on the “therapeutic range” of the blood level without taking into account the clinical 
scenario. Third, anticonvulsant medication therapy should be well tolerated and free from disabling 
side effects. So a failure of a drug after a short trial because of side effects would not count toward 
the likelihood of drug resistance. In that case, the failure would be because of adverse effects rather 
than efficacy. Such failures can be related to various factors, such as the rate of titration of a drug, 
drug-drug interaction, or a particular side effect profile, all of which can significantly affect 
tolerability. Fourth, lack of compliance should not be the only cause for treatment failure. 
Additionally, it is hard to determine whether breakthrough seizures that occur in close relation to 
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an external factor, such as sleep deprivation, intercurrent illness, or menstruation, should count 
toward a lack of efficacy. One might consider these exceptions based on the influence of these 
outside factors but, in general, they should be considered as a lack of complete efficacy of the 
medication regimen7.  
In theory, at least four clinical patterns of drug resistance can be observed: 1) de novo (or ab initio) 
ASMs resistance, whereby the patient never enters a useful period of seizure freedom from the onset 
of the epilepsy; 2) delayed resistance, which is when the patient initially becomes seizure-free but 
seizures recur and become uncontrollable; 3) a waxing-and-waning (or fluctuating) pattern, which 
occurs when the epilepsy alternates between being controlled and uncontrolled; or 4) the epilepsy 
is initially drug-resistant but with time responds to treatment10. 
The mechanisms behind drug-resistance are far from being understood. Likely variable and 
multifactorial unrelated mechanisms might lead in concert to reduced efficacy of the ASMs11.  
Mechanistic hypotheses of drug resistance can be broadly categorized into three groups: disease-
related mechanisms (abnormal neuronal network, epilepsy severity, neuroinflammation and blood-
brain barrier dysfunction), drug-related mechanisms (alteration of drug target in the brain, alteration 
of drug uptake in the brain, alteration of pharmacokinetics in the periphery), and genetic 
mechanisms, which may be interlinked. Among the various mechanisms that have been proposed, 
the target hypothesis and transporter hypothesis are the most deeply explored theories of ASM 
resistance, but neither can fully explain the neurobiological basis of this phenomenon. Although, 
several alternative hypotheses have been proposed, preclinical and, more importantly, clinical 
evidence is quite limited [Figure 1]12.  

 

  

Figure 1. Various potential mechanisms of ASD resistance or factors predicting poor outcome have been 
implicated in patients with epilepsy and animal models of medically resistant seizures, indicating that intrinsic 
or acquired resistance to ASDs is a multifactorial phenomenon. These hypotheses are not mutually exclusive 
but may be relevant for the same patient, thus complicating any strategy to counteract or reverse 
pharmacoresistance 12. 

 

1.2 Classification of the Epilepsies 
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Epilepsy classification is the key clinical tool in evaluating an individual who is presenting 
with seizures. Classification serves many purposes: providing a framework for understanding the 
type of seizures that the patient has, the other seizure types that are more likely to occur in that 
individual, the potential triggers for their seizures, and often their prognosis. Classification also 
informs the risks of comorbidities including learning difficulties, intellectual disability, psychiatric 
features such as autism spectrum disorder, and mortality risk such as sudden unexpected death in 
epilepsy (SUDEP). It is notable that classification often guides the selection of antiepileptic 
therapies16. 
Then, the International League Against Epilepsy (ILAE) classification of epilepsies and epileptic 
syndromes identified syndromes as groups of signs and symptoms that customarily occur in 
association, in a clinical context that included not just seizure types, but also the clinical 
background, neurophysiologic and neuroimaging findings, and, often, outcome15-16. Over the years, 
the International League Against Epilepsy (ILAE) Classification of the Epilepsies has been updated 
to reflect our gain in understanding of the epilepsies and their underlying mechanisms following 
the major scientific advances that have taken place since the previous classification.  
The new classification (ILAE, 2017) originates from a draft document submitted for public 
comments in 2013, which was revised to incorporate extensive feedback from the international 
epilepsy community. It presents three levels (seizure type, epilepsy type and epilepsy syndrome) 
and incorporates etiology along each stage, emphasizing the need to consider etiology at each step 
of diagnosis, as it often carries significant treatment implications (Figure 2). In order to make a 
specific diagnosis, the clinician starts by classifying Type of Seizures, according to ictal symptoms 
and EEG ictal and interictal discharges, in focal, generalized or unknown. Then, the Type of 
Epilepsy needs to be classified into generalized, focal (unifocal or multifocal) or combined epilepsy 
based on clinical grounds, EEG findings and neuroradiological data. The third level is an Epilepsy 
Syndrome diagnosis, referring to a cluster of features incorporating seizures type, seizures trigger, 
demographic patient data, comorbidities, EEG and imaging features: some examples of Epilepsy 
Syndrome are Idiopathic Generalized Epilepsies, Self-limited focal epilepsies, Dravet Syndrome 
and West Syndrome16. 
From the moment that the patient presents with a first epileptic seizure, the clinician should be 
aiming to determine the etiology of the patient’s epilepsy. Five etiologic groups have been 
recognized: structural (expression of a focal or diffuse brain abnormality), genetic, infectious, 
metabolic, and immune, as well as an unknown group. A patient’s epilepsy may be classified into 
more than one etiologic category: a patient with tuberous sclerosis has both a structural and a genetic 
etiology. The etiologies are not hierarchical, and the importance given to the patient’s etiological 
group may depend on the circumstance, where available. Often the first investigation carried out 
involves neuroimaging, ideally MRI, where available. 
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Figure 2: Types of epilepsy and seizures were defined according to the latest classification of the International 
League Against Epilepsy 201716 

 

 

1.3 Developmental and Epileptic Encephalopathies: definition and Dravet Syndrome 

The term “epileptic encephalopathy” was defined as where the epileptic activity itself 
contributes to severe cognitive and behavioural impairments above and beyond what might be 
expected from the underlying pathology alone (e.g. cortical malformation)17. In an epileptic 
encephalopathy, the abundant epileptiform activity interferes with development resulting in 
cognitive slowing and often regression, and sometimes is associated with psychiatric and behavioral 
consequences. The epileptiform activity can cause regression in an individual with normal 
development or preexisting developmental delay, who then shows developmental plateauing or 
regression. These impairments can be seen along a spectrum of severity and across all epilepsies, 
and can occur at any age. A key component of the concept is that a melioration of the epileptiform 
activity may have the potential to improve the developmental consequences of the disorder. The 
concept of the epileptic encephalopathy may be applicable to epilepsies at all ages and should be 
utilized more widely than just for the severe epilepsies with onset in infancy and childhood. Many 
epilepsy syndromes associated with encephalopathy have a genetic etiology, such as West 
syndrome, where there is marked genetic heterogeneity, and Epileptic encephalopathy with 
continuous spike-and-wave during sleep (CSWS), where the first genes have begun to emerge16. 
Equally, such syndromes may have an acquired cause such as hypoxic-ischemic encephalopathy or 
stroke, or may be associated with a malformation of cortical development that may also have a 
genetic or acquired etiology. The concept of an epileptic encephalopathy can also be applied  to  
single  gene  disorders,  such  as CDKL5 encephalopathy. However, a single gene may cause an 
epileptic encephalopathy in some individuals and a self-limited epilepsy in others; examples include 
SCN1A, SCN2A, SLC2A1, KCNQ2, KCNA2, and CHD2.  
Many of these severe genetic disorders also have developmental consequences arising directly from 
the effect of the genetic mutation, in addition to the effect of the frequent epileptic activity on 
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development. There are several ways in which this may manifest. There may be preexisting 
developmental delay, complicated by plateauing or regression with seizure onset or with prolonged 
seizures. In other disorders, developmental slowing may occur on a background of normal 
development, with the slowing emerging prior to the presence of frequent epileptic activity on EEG. 
In a third group, the epilepsy may settle down relatively early in the child’s history, but the 
developmental consequences may remain profound. These observations, pertinent to many of the 
genetic encephalopathies, suggest that a broadening of the terminology, where appropriate, to 
include the word “developmental,” acknowledges that both aspects may be playing a role in the 
clinical presentation16. In particular, the clinicians should use the term “developmental 
encephalopathy” where there is just developmental impairment without frequent epileptic activity 
associated with regression or further slowing of development; instead, “epileptic encephalopathy” 
should be used where there is no preexisting developmental delay and the genetic mutation is not 
thought to cause slowing in its own right. Often it may not be possible to disentangle whether the 
epileptic or developmental component is more important in contributing to a patient’s presentation: 
developmental and epileptic encephalopathy where both factors to play a role.  In many instances 
where a genetic mutation of major effect is identified, the terms “developmental and epileptic 
encephalopathy” may be subsumed by using the name of the underlying condition. For example, 
many of the well-recognized developmental and epileptic encephalopathies can now be called by 
their gene name together with the word encephalopathy, such as “STXBP1 encephalopathy” or 
“KCNQ2 encephalopathy”16.  

A well-known example of developmental and epileptic encephalopathy is the relatively 
common Dravet syndrome (DS), also known as severe myoclonic epilepsy of infancy (SMEI), 
characterized by recurrent, pharmacoresistant seizures and developmental delay with a variable 
impairment in neurocognitive functioning18.  
Clinical presentation of DS varies with age19 and the International League Against Epilepsy (ILAE) 
task force recognized three stages18:  
-Seizures onset: the first seizure is typically in a range of 4-8 months, fever-induced, prolonged and 
clonic, generalized or unilateral: patients do not present with infantile spasm despite onset in the 
first years of age. The development is normal until disease onset; brain MRI generally is normal 
and EEG shows limited or no abnormalities; 
-Worsening phase: between ages 1 to 5, patients present multiple types of seizures, including 
myoclonic, atypical absence, focal seizures and, less often, atonic seizures; seizures are more 
frequent but less prolonged than in the first phase. Interictal EEG is characterized by generalized 
spike or polyspike waves, spike and waves, and spikes; and development of a photo-paroxysmal 
response; 

-Stabilization phase:  patients experience a high incidence of pharmacoresistant multiple seizures 
but, especially earlier in this phase, interictal time increases and seizures become shorter in duration. 
Cognitive and language impairment becomes increasingly prominent, and associates with 
progressive worsening of other non-epileptic comorbidities as spasticity and crouched gait, 
hypotonia, incoordination/ataxia, interictal myoclonus, poor attention, behaviour disorders and 
autistic features19. The brain MRI in older children or adults may show a mild cortical atrophy and 
hippocampal sclerosis; the EEG shows a background slowing frequently associated with focal or 
multifocal epileptiform discharges18. 

The epidemiology of DS is not well known: three studies (Hurst, 1990; Rosander et al., 2015; Wu 
et al., 2015) reported that the incidence is 1 in 15000 to 1 in 40000 (9-11 di 2); the male-female 
ratio was 1:120.  
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The etiology of DS is related to an alpha1 subunit of the sodium channel (SCN1A) gene mutations. 
About half of the patients have truncation variants and half missense variants with the remaining 
being splice site changes. Most mutations are de novo, but familial mutations occur in 5-10% of 
cases and are usually missense in nature. About 12.5% of patients with a clinical diagnosis of DS 
have an exomic deletion or chromosomal rearrangements involving SCN1A; duplications and 
amplifications involving SCN1A are additional, rare molecular mechanisms20. Mutations of this 
gene were discovered also in the epilepsy syndrome of genetic epilepsy with febrile seizures plus 
(GEFS+) and febrile seizures21. 

 

1.4 Idiopathic Generalized Epilepsies (IGEs) 
 

Generalized epilepsies were defined as characterized by generalized seizures, bilateral 
motor manifestations, and generalized interictal and ictal EEG discharges. From an etiological point 
of view, generalized epilepsies were subdivided into idiopathic, cryptogenetic, and symptomatic22.  

Idiopathic generalized epilepsies (IGEs) are the most common group of epilepsies in 
children and adolescents. In 2017, the ILAE Task Force for Classification and Terminology 
considered that the term idiopathic generalized epilepsy (IGE) could still be acceptable for four 
well-characterized epilepsy syndromes: childhood absence epilepsy (CAE), juvenile absence 
epilepsy (JAE), juvenile myoclonic epilepsy (JME), and IGE with generalized tonic–clonic seizures 
only (IGE-TCS)18.  
Distinctive features of IGE syndromes were typical age of onset, specific seizures type, normal 
background EEG activity and interictal generalized spike-and-wave (GSW) discharges in the 
absence of any brain lesion and with normal developmental skills22.  
In childhood and juvenile absence epilepsies, by definition, all patients manifest absence seizures 
associated with an EEG pattern of generalized spike-wave (GSW) discharges22.  
In juvenile myoclonic epilepsy, myoclonic jerks, usually affecting shoulders and arms bilaterally 
and appearing upon awakening, are the most characteristic clinical feature. Myoclonic jerks are 
accompanied on the EEG by generalized spike/polyspike-and-wave (GSW, GPWS) complexes at 
3.5–6Hz22.  
Idiopathic generalized epilepsy with generalized tonic–clonic seizures only is a broad and 
nonspecific category including all patients with generalized tonic–clonic seizures and an interictal 
EEG pattern of GSW discharges22.  
Most idiopathic generalized epilepsy syndromes are defined as “genetic generalized epilepsies 
(GGEs)”, in order to distinguish them from the “secondary” lesional generalized; despite the strong 
heritability and the recent advances in genetic technology, the genetic basis of IGEs remains largely 
elusive and only in a small minority of patients with classic IGE phenotypes is a monogenic cause 
identified22.  Most IGEs are classified among the pharmacosensitive epilepsies in which appropriate 
drug treatment leads to seizure control, followed after a few years by spontaneous remission22.  
 

 
1.5 Third and Fourth Generation Antiseizure Medications  (ASMs) 

Studying the basis of DRE and identifying predictive biomarkers of susceptibility to 
pharmacoresistant seizures is important to early detect a poor response to ASM treatment, prevent 
the development of drug-resistance and offer new treatment approaches11-12. Over the last 30 years, 
pharmaceutical companies have created and licensed approximately 30 novel ASMs, which belong 
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to the third and fourth generation ASMs13.  Most ASMs were discovered by initial demonstration 
of their anti-seizure activity in simple, classic rodent seizures model, such as the maximal 
electroshock (MES) and pentylenetetrazol (PTZ) tests, which are highly predictive of clinical 
efficacy in epilepsy but not in drug resistant epilepsy12.  Other different techniques, used to develop 
new ASMs, are chemical or structural modification of currently available ASM or modulation of 
neurotransmission in the brain12. In some cases, two or three techniques are simultaneously used in 
searching for novel ASMs that provide epileptic patients with successful treatment options. ASMs 
are administered chronically with the intent of preventing the occurrence of epileptic seizures in a 
person with already diagnosed epilepsy: in patients with DRE the most appropriate therapeutic 
option is presumably the combined administration of two or more ASMs and the application of 
novel drugs13. The symptomatic relief from seizures by ASMs occurs through interactions with a 
variety of cellular targets. The actions on these targets can be categorized into four broad groups: 
1) modulation of voltage-gated ion channels, including sodium, calcium, and potassium channels; 
2) enhancement of GABA-mediated inhibition through effects on GABAA receptors, the GABA 
transporter 1 (GAT1), the GABA-synthesizing enzyme glutamic acid decarboxylase, or the GABA-
metabolizing enzyme GABA transaminase; 3) direct modulation of synaptic release through effects 
on components of the release machinery, including synaptic vesicle protein (SV) 2A and the a2d 
subunit of voltage-gated calcium channels; and 4) inhibition of synaptic excitation mediated by 
ionotropic glutamate receptors, including a-amino-3-hydroxy-5-methyl-4-isoxazole-propionate 
receptors. The result of the interactions at these diverse targets is to modify the intrinsic excitability 
properties of neurons or to alter fast inhibitory or excitatory neurotransmission. These actions 
reduce the probability of seizure occurrence by modifying the bursting properties of neurons and 
reducing synchronization in localized neuronal ensembles. In addition, ASMs inhibit the spread of 
abnormal firing to adjacent and distant brain sites12.  

The third-generation ASMs consist of 20 novel drugs, including brivaracetam (BRI), 
carabersat (CRB), carisbamate (CBM), DP-valproic acid (DP-VPA), eslicarbazepine acetate (ESL), 
fluorofelbamate (FFBM), fosphenytoin (FPHT), ganaxolone (GNX), lacosamide (LCM), 
losigamone (LSG), pregabalin (PGB), remacemide hydrochloride (RMC), retigabine (RTG), 
rufinamide (RUF), safinamide (SAF), seletracetam (SEL), soretolide (SRT), stiripentol (STP), 
talampanel (TLP) and valrocemide (VLR) 12. The fourth-generation ASMs consist of fenfluramine 
(FFA), cannabidiol (CBD) and cenobamate (CNB).  Most of the previously reported third and 
fourth generation ASMs are licensed as adjunctive treatment in epilepsy in adults, and are therefore 
used off-label in pediatric populations, especially in those older than 12 years14. The place of newer 
generation ASMs in pediatric epilepsy is still poorly defined because of poor evidence concerning 
both efficacy and safety. Most phase III trials conducted have major methodological limitations, 
including a small number of pediatric patients, lack by-age subgroup analyses, heterogeneity in the 
definition and reporting of outcomes (i.e. 50 % or greater reduction in seizure frequency, time to 
12-month remission or time to first seizure), heterogeneity to consider the time of first seizure from 
the randomization date or from the date of achieving maintenance dose, complicating the analysis 
of event-free survival. Different epilepsy syndromes and etiologies are lumped together and trial 
design is neither powered with follow-up periods appropriate to the natural history of the various 
epilepsies nor conclusions on comparative efficacy between old and new ASMs in children. 
Moreover, most of the recently introduced ASMs have been tested in placebo-controlled adjunctive 
therapy trials performed on patients who did not respond to the first- or subsequent-line drugs and 
whose treatment failures with other previous ASMs, and the reasons for them (appropriateness of 
treatment, dosing, compliance), were poorly documented: the risk of including potential responders 
to first- and subsequent-line therapy might generate an overestimation of the efficacy of the drug 
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under trial. Although RCTs using placebo as a comparator fulfill the design criteria for marketing 
authorization (EMA and FDA), the use of a drug in clinical practice would require evidence in line 
with the Comparative Effectiveness Research (CER) paradigm. Patients enrolled in the studies 
should be truly resistant to first- and subsequent-line therapies in order to select those with no 
further treatment options. Only in these circumstances would placebo-controlled trials be truly 
useful for developing the therapeutic armamentarium. In the absence of these conditions, the control 
group should be allocated to the best treatment available. Finally, the majority of RCTs exclude 
children younger than 2 years, who sadly experience the most severe epileptic encephalopathies 
with refractory seizures. These severe forms of epilepsy result from many different, often genetic, 
etiologies: consequently, in spite of a similar clinical presentation, they have highly different patho-
physiological bases. The research agenda should consider this little known but very important area 
and plan the development of pharmacological trials also considering etiological subgroups, as well 
as pharmacogenomic influences. Evidence concerning the efficacy and safety profile of older ASMs 
has been accumulated through studies and clinical observations gathered over many years. The 
superiority of the new drugs in terms of efficacy has only been reported versus placebo; safety 
information is based on short follow-up periods and on RCTs sized on the basis of efficacy 
outcomes, which do not properly assess safety in the long term14. Only some of the newer drugs 
benefit from robust experimental studies of efficacy and, more importantly, of post-marketing 
studies with long-duration follow-up, which are the only studies capable of obtaining appropriate 
information related to the safety profile. In many cases, the information on the appropriateness of 
use of ASMs in children derives from adult or mixed-population studies, with obvious problems of 
directness of the results, which should be addressed on a case-by-case basis. The recent 
development of the PIP (Paediatric Investigation Plan) by Regulation (EC) no. 1901/2006 of the 
European Parliament and of the Council, which requires planning for the complete development 
path of paediatric medicinal products, should bridge the gap between what is already known for 
adults and what is yet to be learned for children14.   
Encouragingly, better elucidation of the pathophysiological mechanisms underpinning epilepsies 
and drug resistance by concerted preclinical and clinical efforts have recently enabled a revised 
approach to the development of more promising therapies, including numerous potential etiology-
specific drugs (“precision medicine”) for severe pediatric (monogenetic) epilepsies and novel 
multitargeted ASMs for acquired partial epilepsies, suggesting that the long hoped for breakthrough 
in therapy for as yet ASM-resistant patients is a feasible goal. 

 

1.6 Focusing on Lacosamide (LCM) 

Lacosamide (LCM) is a third generation ASM, approved by European Medicines Agency 
(EMA) and US Food and Drug Administration (FDA) as both monotherapy and adjunctive therapy 
in treatment of focal seizures, with or without bilateral tonic-clonic seizures, in patient older than 
16 (EMA) or 17 (FDA) years old.  
The mechanisms of action of LCM have not been fully defined: some studies showed a selectively 
enhanced inactivation of voltage-gated sodium channels, increasing the proportion of sodium 
channels unavailable for depolarization, stabilizing neuronal membranes and inhibiting sustained 
repetitive neuronal firing23, decreasing in this way pathologic neuronal hyperexcitability without 
affecting the physiological neuronal function. Simultaneously, it seems that the drug binds to the 
collapsin response mediator protein 2, which partakes in a neurotrophic signal transduction. This is 
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hypothesized to produce a neuroprotective effect preventing the formation of abnormal neuronal 
connections in the brain23. 
LCM has oral bioavailability of approximately 100%, a low drug-drug interaction profile, and a 
plasma protein binding rate less than 15%; it is eliminated by metabolic biotransformation and 
urinary excretion and has an elimination half-life of approximately 13 hours. Additionally, LMC 
exhibits linear, dose-proportional pharmacokinetics with low intra- and interpatient variability25. 
The most common adverse events of LCM are dizziness, headache, diplopia, and nausea24-26.  
In literature, LCM efficacy in children was assessed in a retrospective study [McGinnis and Kessler, 
201626] using drug retention-rate as outcome index: the percentage of children remaining on LCM 
without other additional drugs was 44.7% at 12 months and 25.6% at 24 months. Yet there is 
growing evidence suggesting that LCM is safe, well tolerated, and effective in the pediatric 
population23. Ortiz de la Rosa et al, in 2018, performed a systematic review on MEDLINE, 
EMBASE, COCHRANE, Google Scholar and Scielo: 26 articles fulfilled eligibility criteria and 
described outcomes in 797 patients (57% male), the majority of these were retrospective (69%), 
small series (84%). On average 51% of patients had 50% or greater seizure reduction and the mean 
seizure freedom rate was 24%. Adverse effects occurred in 18–59% of patients (dizziness, sedation, 
gastrointestinal upset, mood and behavioral changes). Half of the patients with Lennox Gastaut 
syndrome showed 50% or greater seizure reduction, 32% did not respond to LCM and 17% suffered 
seizure worsening (Table 1)25. 
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Table 1: Clinical evidence of LCM in pediatric population25 
1.6 Focusing on Stiripentol (STP) 

 

Stiripentol (STP) is approved in association with valproate and clobazam as an adjunctive 
treatment for Dravet syndrome (DS) in Europe, Canada, Japan, Argentina, Taiwan, and USA in 
conjunction with clobazam, and in Australia in conjunction with valproate and benzodiazepines. 
While STP has been used predominantly for the treatment of DS, it may have benefits in other rare 
epilepsy syndrome and refractory status epilepticus27. STP was the first drug for which a 
randomized controlled trial was conducted in DS28. Since then, one further controlled trial29 and at 
least 15 open-label studies have been conducted, showing highly variable responder rates, ranging 
from 48 to 63%, and seizure freedom rates between 10 to 40%30-31. STP seems particularly effective 
in reducing the frequency of convulsive seizures and status epilepticus in DS32, and this benefit is 
maintained in adulthood33-34.  Several possible mechanisms of action have been recognized 
including GABA-A receptor activation, resulting in faster inhibitory neurotransmission, and 
Lactate Dehydrogenase (LDH) inhibition, leading to decreased amounts of pyruvate entering the 
tricarboxylic acid cycle and thus reducing ATP levels. It blocks voltage-gated sodium channel site 
2 and therefore significantly reduces intracellular calcium levels in hippocampal neurons exposed 
to N-methyl-D-aspartate (NMDA), and also inhibits CYP450 enzymes with consequent increase of 
plasma levels of several AEDs27.  
STP pharmacokinetic profile is non-linear, dose-dependent and characterized by a saturable 
mechanism. The elimination curve of STP appeared multiphasic: area under the curve (AUC), 
elimination half-life and maximum plasma concentration increase for increasing doses, 
proportionally (median AUC of 8.3, 31 and 88 mg h/L, and median t1/2,z of 2, 7.7 and 10 h for the 
500, 1000, and 2000 mg doses respectively), which confirmed the Michaelis–Menten 
pharmacokinetics of STP35. The oral clearance was 1.3 to 1.8 liter/hr/kg and the average mean 
residence time was 4 hours. STP is eliminated by metabolic biotransformation (STP has multiple 
metabolites, namely, stiripentol conjugate, DiOH, P-OH, and M-OH) and urinary excretion: only 
trace amounts of the drug were excreted unchanged in urine. Stiripentol was very highly bound to 
plasma proteins in plasma from dosed subjects as well as spiked human plasma (free fraction of 1 
percent)35.  
Reported adverse events have mostly been related to a significant increase in plasma concentration 
of valproate and clobazam and include drowsiness, ataxia, nausea, abdominal pain, loss of appetite 
and, occasionally, asymptomatic neutropenia36. The use of STP in DS is well documented: STP is 
gradually increased until a target dosage of 50 mg/kg/day in children and 20–30 mg/kg/days in 
adults, divided into two or three daily doses. Clobazam and valproate should be reduced 
concomitantly to STP introduction due to the STP metabolic inhibition of CYP3A4 and 
CYP2C1927.  
 
 

1.8 Focusing on Fenfluramine Hydrochloride (FFA) 

Fenfluramine (FFA) is a selective agonism on 1D and 2C and antagonism on sigma-1 
serotonin receptors, originally approved as an anorexigen.  The antiepileptic activity of FFA was 
reported in the 1980s in a small case series and observational studies of children with 
photosensitive, self-induced epilepsy: some of  the  patients  in  these  original  studies  were  later 
diagnosed with Dravet syndrome43. Based on studies on zebrafish models of DS, FFA documented 
its activity on the serotonin receptors and sigma-1 receptors that seem to have a role in mediating 
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seizure activity.  The selective agonism on 5-HT1D and 5-HT2C and antagonism on sigma-1 
receptors might be one of the mechanisms of action of FFA, which seems to be targeted for DS 
patients. Fenfluramine, previously marketed for weight loss in obese adult, was withdrawn from 
the market in 1997 following the occurrence of cardiac valvulopathy and pulmonary arterial 
hypertension in some individuals given up to 220 mg/day37. Since 2012, Fenfluramine has been 
noticed as effective for the treatment of convulsive seizures in DS in open-label studies38-40 and in 
two placebo randomized,   placebo-controlled,   double-blind  clinical  trials (RCTs) 37,41: in both  
studies,  low-dose  fenfluramine  (≤0.7  mg/kg/d)  was  added  to  each  patient's  current  
antiepileptic  treatment  regimen,  which  resulted  in  substantial  and  statistically  significant 
reductions in convulsive seizure frequency compared to placebo treatment. A total of 35% to 50% 
of patients treated with FFA experienced  a  profound  (≥75%)  reduction in convulsive seizure 
frequency compared with only 2% in  the  placebo  group. In  these  short-term  phase  3  trials,  no  
patient  developed  valvular  heart  disease  or  pulmonary  arterial hypertension, and the drug was 
generally well tolerated42. It was  also reported that FFA was effective for the treatment of non-
convulsive SE (NCSE)41. Although RCTs are required for FDA and EMA approval of an 
investigational drug, both regulatory agencies can authorize Expanded Access Programs (EAPs), 
also referred to as compassionate use. In the 2019, Zogenix supported an EAP of FFA in patients 
with a clinical diagnosis of DS, without echocardiographic signs of cardiac valve dysfunction and 
pulmonary arterial hypertension and in June 2020 FDA approved FFA for the treatment of seizures 
in patients with DS. 

 

1.9 Focusing on Levetiracetam (LEV) 

Levetiracetam (LEV) is one of the most widely used ASMs for both adults and children. It 
is approved by EMA and FDA as adjunctive therapy in Idiopathic Generalized Epilepsy (IGEs) 
with myoclonic or tonic-clonic seizures in patients older than 12 years, as monotherapy in focal 
seizures in patients older than 16 years, and as add-on therapy in focal or focal to bilateral tonic-
clonic seizures in children and adults [EMA, 2010]43. LEV is structurally and functionally different 
from other ASMs and its mechanisms of action is not well known. Some studies showed that LEV 
regulates synaptic neurotrasmitter release by binding to synaptic vesicle protein 2A (SV2A), 
modulating its interactions with downstream effectors. In addition, it seems to antagonize neuronal 
hypersynchronization and modulate Ca2+ homeostasis.  Ca2+ homeostasis modulation is mediated 
by the inhibition of yanodina and IP3 receptor-dependent Ca2+ release from endoplasmic reticulum 
and by inhibiting Ca2+ entry through blocking of L-type Ca2+ channel44-46. LEV was completely 
absorbed, and its oral bioavailability is ≥95%, without bound to plasma proteins. Its metabolism is 
primarily in blood by hydrolysis and do not involve hepatic CYP systems. Its clearance is renal and 
directly dependent on creatinine clearance47-48. No clinically relevant drug-drug interactions with 
ASMs (except for CBZ and TPM) or no ASMs (digoxin, warfarin and the low-dose contraceptive) 
were reported47. LEV presents a linear, dose proportional and time independent pharmacokinetics 
with a steady-state blood concentrations in 24–48 hours and a plasma peak concentration in 1 
hours47. The drug is well tolerated. Adverse events such as dizziness, fatigue, somnolence, 
behavioral and cognitive changes (irritability, aggressiveness, and mood disturbances in children, 
high rate of thoughts about suicide) were reported in 0-47% of patient, generally mild and dose-
indipendent49-51. The LEV teratogenic effect is uncertain48. 
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     The use of LEV in Idiopathic Generalized Epilepsy is widely reported in different studies but 
most of them are single case reports or cohort studies withow evidence level. In the randomized 
controlled trials performed in 2007 by Berkovic et al.52, 2008 by Noachar et al.53, and in 2011 by 
Fattore et al.54, patients presenting a reduction on seizure frequency higher than 50% was 59.5%-
23.7% LEV versus 29.8%-4.8% placebo (Table 2). 

Autor, years and 
target Study Design Population Outcome 

Tabrizi et al., 2019 
JME & IGE-TCS  
(> 16 years) 

Open label, prospective, controlled vs VPA       
(monotherapy)  

103 

SF%  
all types of seizures: 88.9% LEV 
vs 86.2% VPA (p = 0.77); 
GTCS: 100% LEV e 97.7% VPA 
(p = 0.61) 

Berkovic et al., 2007 
IGE con GTCS  
(4-65 years) 

Multicentric, randomized, double-blind,      
placebo-controlled (add-on therapy) 

164 

RR% all types of seizures: 59.5% 
LEV vs 29.8% placebo 
(p<0.001) 
GTCS: 72.2% LEV vs      45.2% 
per placebo (p<0.001) 

Noachtar et al., 2008 
IGE con MyS  
(12-65 years) 

Multicentric, randomized, double-blind,      
placebo-controlled (add-on therapy) 

122 

RR% myoclonic seizures: 58.3% 
LEV vs 23.3% placebo 
(p<0.001) 
SF% myoclonic seizures: 25.0% 
LEV vs 5.0% placebo 
SF% all type of seizures: 21.7% 
LEV vs placebo 1.7% (p<0.001) 

Gesche et al. 2020 
IGE 

Retrospective       328 
RR% 47.5% LEV vs 39.8% LTG 
vs 71.1% VPA 

Fattore et al., 2011 
Absence epilepsy  
(child + adolescence) 

Multicentric, randomized, double-blind, 
placebo controlled and then open-label      
(add-on therapy) 

59 RCT 
38 open-
label 

After 2 weeks      FU: 
RR% 23.7% vs 4.8% (p=0.08); 
SF% 18.4% vs 0% (p=0.04); 
AEs% 18% vs 14% 
After 1 years (open-label): SF 
12/38; Disc 26/38 

Verrotti et al., 2008 
Typical absences 

Prospective, multicentric       21 

After 6 months of FU: RR 12/21; 
SF 11/21 
After 12 months of FU: RR 
12/12; SF 10/12 

Labate et al., 2006 
GE and MyS  
  

Open label, prospective (add-on therapy and 
monotherapy) 

35 RR% 82%; SF% 42%; Disc R% 
17% 

Kumar et al., 2004 
Drug resistance GE Restrospective (add on therapy) 25 SF% 16% 

Di Bonaventura et al., 
2005 IGE 

Prospective, open label (add-on therapy and 
monotherapy) 

19 SF 13/19 

Striano et al., 2008; 
EMA 

Pilot       35 
RR% 80%;  
SF% all types of seizures: 6/35; 
SF% GTCS: 14/21 

Weber et al, 2004 
GE  

Pilot       10 After 7 months of FU: SF 1/10; 
RR 4/10 
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Verrotti et al., 2008 
JME 

Prospective, open-label (monotherapy) 32 

After 6 months of FU: RR 29/32; 
SF 15/32 
After 12 months of FU: RR 
32/32; SF 29/32 
After 24 months of FU: SF 17/19 

Specchio et al., 2006 
JME 

Prospective, open-label (add-on therapy and 
monotherapy) 

48 

Monotherapy: SF% 28.9% 
add-on: SF% 50%; 
SF% MyS: 37.5%;  
SF% GTCS 72.9% 
  

Table 2: Efficacy of LEV in IGE 
Legend: JME = Juvenile Myoclonic Epilepsy, GTCS = Generalized Tonic-Clonic Seizures, MyS: Myoclonic 
Seizures, GE = Generalized Epilepsy, IGE-TCS = Idiopathic Generalized Epilepsy with generalized tonic-
clonic seizures only, RR = Responders-Rate, SF = Seizure-Freedom Rate,  FU= follow-up, LTG = 
lamotrigine, VPA = valproic acid 
 
  

2 AIM OF THE STUDY 

 

The aim of the study was to evaluate efficacy, very long-term efficacy, and tolerability of 
Study Drug (LCM, STP, FFA and LEV) as add-on therapy in a cohort of children, adolescents, and 
young adults with different types of epilepsies. In particular, we evaluated efficacy, very long-term 
efficacy, and tolerability of LCM and STP in patients with focal epilepsy, generalized epilepsy and 
epileptic encephalopathies, of FFA in patients with DS, and of LEV in patients with IGEs. 

 
 
 

3  METHODS  
 

We reviewed medical records of all patients treated with Study Drug as add-on therapy or 
monotherapy irrespective of their type of refractory epilepsy and seen at the Neuroscience 
Excellence Center of the “A. Meyer” Children’s Hospital of Florence at whose follow up was 
performed at different times. Data were reviewed retrospectively but had been prospectively 
collected in epilepsy database. The study protocol and informed consent were approved by the 
Pediatric Ethic Committee of the Tuscany Region; a written informed consent to the use of Study 
Drug was obtained from parents, as in use in our Hospital for off-label drugs. These studies were 
conducted according to the Good Clinical Practice guidelines and local standard operating 
procedures. 

 
 
3.1 Data collected and criteria for defining Study Drug efficacy, very long-term efficacy, 

and tolerability 
 
In these pragmatic and retrospective cohort studies, follow-up visits for this difficult-to-

treat population were scheduled according to a tailored plan based on each individual's clinical 
status, but never exceeded a 6-months interval. 
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Information was collected on age, sex, age at the time of Study Drug treatment, age at seizure onset, 
etiology, syndromic diagnosis, drug administration starting date and withdrawal, length of 
administration and highest total daily dose of Study Drug, previous ASMs, type and dosage of 
concomitant ASMs, seizure type and frequency before and during Study Drug administration, type 
and time of additions of another ASMs, relapse-time, adverse events, and reason for Study Drug 
discontinuation.  
Seizures were classified according to the International League Against Epilepsy (ILAE) operational 
classification of seizure types15. Epilepsies were classified according to the ILAE proposal, which 
includes a multi-level classification based on seizure type, epilepsy type and syndrome. Etiology of 
epilepsy was classified as structural, genetic, infectious, immune, metabolic, and unknown16. 
Seizure frequency was recorded in a diary we customarily use in our epilepsy clinic and assessed 
at each follow-up visit, every 1 to 6 months, according to clinical needs; routine laboratory 
investigations and electroencephalographic (EEG) recordings, while awake and asleep, were 
performed according to clinical indication.                                                                                                                                                                 
Seizure frequency at baseline was defined as the monthly number of seizures in the 3 months 
preceding the initial Study Drug administration. Patients achieving 50% or higher reduction of 
baseline seizure frequency after the target dose was reached were considered as “responders”. They 
were instead considered as “non responders” if reduction in seizure frequency was < 50% from 
baseline or when no change or worsening in seizure frequency occurred.  
Survival curves (relapse-free survival) were used to assess the probability of remaining responders 
within the responder group. Retention rate (probability of continuing Study Drug with no change 
in the therapy regimen) and failure-free survival (time lag between Study Drug initiation to Study 
Drug failure) were calculated for the entire study population. In the retention rate analysis, failure 
of Study Drug was defined as either one or more of the following occurrences: its withdrawal due 
to its documented inefficacy at the maximum dosage, withdrawal of Study Drug due to adverse 
events, addition of another ASMs, or of a non-pharmacological (i.e. surgery and vagus nerve 
stimulation) or dietary treatment (i.e. ketogenic diet), or both.  
Tolerability was assessed by recording the type and number of adverse events and the reason for 
drug discontinuation. 

 
 
3.2 Statistical analysis 
 
Kaplan-Meier survival analysis was conducted to calculate relapse-free survival in 

responders and the failure-free survival in the whole population. A survival analysis was also 
performed in relation to some variables such as duration of epilepsy, age at seizure onset, seizure 
type, epilepsy type, etiology and number of concomitant ASMs. Survival curves of two or more 
groups were compared using the log-rank test. A multivariate analysis was performed using Cox 
proportional hazards models. A chi-square test was applied in order to disclose if significant 
differences had emerged in the items explored. Two different models were built to estimate the 
hazard ratio of relapse and study drugs failure outcomes for different covariates. A p-value <.05 
was considered as statistically significant. All analyses were performed with STATA version 11 
software. 

 
 

3.3 Patients’ follow up and drug titration 
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Period of patients’ follow up and drug titration was different for the different drugs we 
studied. 
  

3.3.1 Lacosamide (LCM) study 
 
We evaluated medical records of all patients treated with LCM as add-on therapy 

irrespective of their type of refractory epilepsy, between January 2011 and January 2018.  
Drug scheme administration of LCM consisted of a starting for LCM dose of 2-3 mg/kg/day with 
increments every week, up to a maximum of 5-10 mg/kg/day, based on both age and weight.    
 

3.3.2 Stiripentol (STP) studies 
 

We evaluated medical records of all patients treated with STP as add-on therapy 
irrespective of their type of refractory epilepsy, initially between January 2011 and May 2018 (first 
study) and then between January 2011 and June 2020 (second study).  
STP was administered according to the titration schedule included in the “Summary of Product 
Characteristics (SmPC)”, which considers weight and age. Differently from SmPC 
recommendations, and based on clinical practice, a lower starting dose of 10-15 mg/kg/day and a 
higher maximum dosage of 60 mg/kg/day were administered in some individuals55. STP dosage 
escalation was gradual, starting with 20 mg/kg/day for 1 week, then 30 mg/kg/day for 1 week. 
Further dosage escalation was age dependent. According to STP SmPC, the daily dosage of 
clobazam and/or valproate were reduced based on their initial dosage and the occurrence of adverse 
events; routine clinical monitoring of plasma levels of ASMs used in add-on was performed, and, 
if necessary, dose adjustments were done, based on clinical and laboratory findings.  

 
 
 
 
3.3.3 Fenfluramine Hydrochloride (FFA) study 

 
We analyzed medical record of all patients with a clinical diagnosis of DS for whom parents 

accepted FFA treatment, proposal in the context of an Early Access Program (EAP) granted by 
Zogenix, followed at the Neuroscience Department of 5 Italian Centers (“A. Meyer” Children’s 
Hospital of Florence, “Bambino Gesù” Children’s Hospital of Rome, “IRCCS Carlo Besta” of 
Milano, “A. Gemelli” Hospital of Rome and Hospital of Verona): this was a prospective 
independent, open-label study.  
The study was planned with a 28 day baseline period, titration period, followed by a maintenance 
period. After the baseline observation period, patients received FFA hydrochloride in oral solution 
(2.5 mg/mL, Zogenixâ) at a gradually increasing dose from 0.2 to 0.7 mg/kg/day (B.I.D.) until 
tolerated, or a maximum dose of 26 mg/kg/day (17 mg/kg/day if in co-administration with STP). 
Duration of the titration period and maximum dose were at physician’s discretion, based on patient 
response. 
Patient were enrolled only if they had no echocardiographic signs of cardiac valve disfunction and 
pulmonary arterial hypertension and had been on stable doses of ASMs for ≥ 4 weeks.  
Demographic and clinical data on countable convulsive seizures (defined as hemiclonic, tonic, 
clonic, generalized tonic-clonic, and focal with clearly observable motor signs), concomitant 
ASMs, and SCN1A genetic variants were collected. Genetic variants were stratified in three 
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different groups: loss of function, missense in the pore region (S5-S6), and missense outside the 
pore region.  
Primary outcome was efficacy of FFA hydrochloride; secondary outcome was tolerability.  
The primary efficacy endpoint was the percent change in the frequency of convulsive seizures from 
baseline per 28 days measured through last follow-up visit. The frequency was calculated as the 
number of convulsive seizures recorded after FFA hydrochloride initiation, divided by the number 
of days from titration to last follow-up visit (LFV). The result was multiplied by 28 for a monthly 
frequency. Both median and mean percent change from baseline were calculated using the 
following formula: (seizure frequency through LFV - seizure frequency during baseline) × 100 / 
seizure frequency during baseline. In addition, we evaluated the effect of FFA hydrochloride on 
nocturnal and self-induced seizures. In order to facilitate comparability of findings between this 
study and previous RCTs, we calculated the monthly median percentage reduction in convulsive 
seizures and the percentages of responders at three months of follow-up. To evaluate a difference 
in efficacy by age we also compared seizure frequency in patients aged less than 6 years and those 
with >6 years of age. 
The Clinical Global Impression (CGI) scale was administered to caregivers at LFV in order to 
describe effects of FFA hydrochloride on behavior, autonomy, communication and motor skills.  
Adverse events (AEs) and summarized in terms of severity and relationship to study drug. 
Cardiovascular safety was assessed via doppler echocardiogram at baseline and every 6 months (or 
every 3 months at physician’s discretion).  

 
3.3.4 Levetiracetam (LEV) study 

 
We evaluated medical records of all patients with Idiopathic Generalized Epilepsy (IGE) 

treated with LEV as monotherapy or add-on therapy who came to our attention between January 
2007 and October 2020. 
Drug scheme administration of LEV consisted of a starting dose of 500 mg/day up to a maximum 
of 3000-400 mg/day in young adults and 20 mg/kg/day up to 60 mg/kg/day in children, with 
increments every week.  
Clinical data about change in therapy regimen after LEV discontinuation, appearance of new 
seizure type, seizure frequency after LEV discontinuation were also recorded to evaluate the clinical 
outcome of IGE treated with ASMs according to guidelines. 

 
 
 

 

4. RESULTS 
 

 

4.1 Lacosamide (LCM) study 

Eighty-eight individuals (41 female) aged 4 months to 18 years (median 10.5 years; mean 
+/- SD 10.6 +/- 4.6 years) received LCM as add-on treatment for refractory focal and generalized 
epilepsy. Demographic and clinical data are summarized in Table 3a.  
Age at seizure onset ranged from 0 to 14.8 years (median 2.4 years). Median follow-up length from 
LCM initiation to last evaluation was 10 months. Mean LCM daily dose was 8.01 mg ±0.75 mg/day.  
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Fifty-seven (64.7%) patients received LCM in add-on for refractory focal epilepsy, 13 (14.8%) for 
generalized epilepsy, while 18 (20.5%) patients manifested both generalized and focal seizures 
(combined epilepsy). Thirty-eight patients (43.2%) were on more than two ASMs.  
Thirty-four patients (38.6%) were responders with a median time to relapse of 48 months. Nine out 
of the 34 responders were seizure-free (26.4%). In the 34 responders, the relapse-free survival was 
94.1% at 6 months, 84.8% at 12 months, 66.8% at 36 months and 31.3% at 72 months (Figure 3a, 
Table 3b). The median time to relapse for responders with focal, generalized, and combined 
epilepsy was 45, 49 and 37 months. No statistically significant differences in time to relapse were 
observed with regards to epilepsy and seizure types, duration, and course of epilepsy, number, and 
type of ASMs (sodium channel blockers vs others) used in add-on. For all 88 patients, the 
probability of remaining on LCM with no additional treatment was 74.4% at 6 months, 47.7% at 
12, 27.9% at 24, 18.0% at 48 and 8.2% at 72 months of follow up (Figure 3b, Table 3c). No 
statistically significant differences in retention time were observed with regards to epilepsy and 
seizure types, duration, and course of epilepsy, number, and type of ASMs (sodium channel 
blockers vs others) used in add-on.  
The multivariate analysis by Cox regression showed no significant hazards of loss of responder 
status for exposure to different age, epilepsy type, and number and type of concomitant ASMs 
(Table 3d). Similarly, the hazards of LCM discontinuation or addition of another therapy were not 
influenced by the same covariates, with the only exception of the concomitant use of 1 or 2 ASMs 
that appeared to reduce the hazard of LCM discontinuation or addition of another therapy 
(HR=0.66; p=0.087). 
Adverse events were reported in 11 patients (12.5%) and led to LCM discontinuation in 10 of them. 
The most frequent AEs were dermatological (4/11) and behavioral (3/11).  
  

Variables Responders 
N (%) 

     Non-
Responders N (%) Total N (%) p 

Age, years Mean (± SD) 10.8 (4.2) 10.5 (5.2) 10.6 (4.8) 0.773 
Sex Female 13 (38.2) 28 (51.8) 41 (46.6) 0.212 
Age of epilepsy onset, yrs Median (range) 2.4 (0.1-11.7) 2.4 (0-14.8) 2.4 (0-14.8) 0.720 
Duration of epilepsy, yrs Mean (± SD) 7.1 (4.1) 6.5 (4.6) 6.8 (4.4) 0.533 

Type of seizures Focal 18 (52.9) 28 (51.8) 46 (52.3) 0.921 
 SGS 9 (26.5) 21 (38.9) 30 (34.9) 0.231 
 Generalized 12 (35.3) 18 (33.3) 30 (34.1) 0.850 
Type of epilepsy Focal 21 (61.8) 36 (66.7) 57 (64.8) 

 
0.146 

 Generalized 8 (23.5) 5 (9.3) 13 (14.8) 
 Combined 5 (14.7) 13 (24.1) 18 (20.4) 
Etiology Structural 12 (35.3) 22 (40.7) 34 (38.7) 

 
 
0.238 

 Genetic 6 (17.6) 10 (18.5) 16 (18.2) 
 Infectious 0 (0.0) 3 (5.6) 3 (3.4) 
 Metabolic 0 (0.0) 3 (5.6) 3 (3.4) 
 Immune 0 (0.0) 1 (1.8) 1 (1.1) 
 Unknown 16 (47.1) 15 (27.8) 31 (35.2) 
ASMs in add-on ≤ 2 AEDs 22 (64.7) 28 (51.8) 50 (56.9) 

0.236 
 > 2 AEDs 12 (35.3) 26 (48.1) 38 (43.1) 
Concomitant AEDs BDZ 17 (50.0) 27 (50.0) 44 (50.0) 1.00 
 VPA 9 (26.5) 20 (37.0) 29 (32.9) 0.305 
 CBZ 7 (20.6) 13 (24.1) 20 (22.7) 0.704 
 PB 3 (8.8) 8 (14.8) 11 (12.5) 0.408 
 LEV 1 (2.9) 8 (14.8) 9 (10.2) 0.073 
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 RUF 7 (20.6) 2 (3.7) 9 (10.2) 0.011 
 ZNS 5 (14.7) 4 (7.4) 9 (10.2) 0.271 
 LTG 4 (11.8) 4 (7.4) 8 (9.1) 0.489 
 OXC 3 (8.8) 4 (7.4) 7 (7.9) 0.811 
 ETS 1 (2.9) 5 (9.3) 6 (6.8) 0.252 
 TPM 1 (2.9) 5 (9.3) 6 (6.8) 0.252 
 PHT 2 (5.9) 1 (1.8) 3 (3.4) 0.310 
 STP 1 (2.9) 1 (1.8) 2 (2.3) 0.738 
 GVG 0 (0.0) 1 (1.8) 1 (1.1) 0.425 
Table 3a: Patient demographics and characteristics  
Legend: ASMs= antiseizure medications, BDZ= benzodiazepines, CBZ=carbamazepine, ETS=ethosuximide, 
GVG=vigabatrin, LEV=levetiracetam, LTG=lamotrigine, OXC=oxcarbazepine, PB=phenobarbital, 
PHT=phenytoin, RUF=rufinamide, STP=stiripentol, TPM=topiramate, VPA=valproic acid, 
ZNS=zonisamide. 
 

 
 

 
Figure 3a: Kaplan-Meier survival estimates. Probability to remain responders 
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 % Responders (95% CI) 
 6 months 

 
12 months 

 
24 months 

 
 48 months 

 
60 months 

 
72 months 

 
P-

value 
All patients             94.1  

(78.5-98.5) 
84.8  

(67.2-93.4) 
74.6  

(55.5-86.5) 
50.1  

(28.3-68.4) 
31.3  

(12.4-52.3) 
31.3  

(12.4-52.3) 
 

Epilepsy 
duration 

<= 60 months 92.9 
(59.1-99.0) 

92.9 
(59.1-99.0) 

76.0 
(42.2-91.6) 

63.3 
(27.4-85.1) 

63.3 
(27.4-85.1) 

63.3 
(27.4-85.1) 

0.413 

> 60 months 95.0 
(69.5-99.3) 

80.0 
(55.1-92-0) 

74.3 
(48.7-88.4) 

45.7 
(20.4-68.0) 

22.9 
(5.8-46.6) 

22.9 
(5.8-46.6) 

Focal Seizure 
types 

focal 95.8 
(73.9-99.4) 

82.9 
(60.7-93.2) 

68.3 
(44.5-83.5) 

47.0 
(22.2-68.4) 

28.2 
(7.8-53.3) 

28.2 
(7.8-53.3) 

0.714 

SGS 0.69 
(0.40-0.86) 

0.62 
(0.34-0.80) 

0.62 
(0.34-0.80) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

Generalized 
Seizure types 

GTCS 1.0 1.0 85.7 
(33.4-97.9) 

51.7 
(7.6-88.6) 

* * 0.554 

Others 91.7 
(70.6-97.8) 

78.1 
(55.1-90.3) 

72.9 
(49.1-86.9) 

46.3 
(21.6-67.8) 

27.8 
(7.7-52.7) 

27.8 
(7.7-52.7) 

Epilepsy 
types 

Focal 95.2 
(70.7-99.3) 

79.6 
(54.2-91.8) 

67.3 
(40.8-83.9) 

47.2 
(22.1-68.8) 

37.7 
(14.1-61.7) 

37.8 
(14.1-61.7) 

0.623 

Generalised 87.5 
(38.7-98.1) 

87.5 
(38.7-98.1) 

75.0 
(31.5-93.1) 

37.5 
(1.4-79.8) 

* * 

Combined 1.0 1.0 1.0 66.7 
(5.4-94.5) 

* * 

Aetiology Fixed 1.0 92.9 
(59.1-99.0) 

85.1 
(52.3-96.1) 

49.6 
(14.8-77.3) 

16.5 
(0.9-50.6) 

* 0.634 

Progressive 1.0 66.7 
(5.4-94.5) 

66.7 
(5.4-94.5) 

66.7 
(5.4-94.5) 

66.7 
(5.4-94.5) 

66.7 
(5.4-94.5) 

Unknown 87.5 80.8 66.1 44.1 29.4 29.4 
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(58.6-96.7) (51.4-93.4) (36.4-84.4) (15.4-69.8) (5.6-59.4) (5.6-59.4) 
Number of 
ASMs in add-
on 

<=2 95.4 
(71.9-99.3) 

81.3 
(57.6-92.6) 

76.3 
(51.9-89.4) 

45.7 
(22.0-66.8) 

30.5 
(10.4-53.7) 

30.5 
(10.4-53.7) 

0.760 

>2 91.7 
(53.9-98.8) 

91.7 
(53.9-98.8) 

71.3 
(34.4-89.8) 

71.3 
(34.4-89.8) 

35.6 
(1.5-77.4) 

35.6 
(1.5-77.4) 

Type of 
ASMs in add-
on 

SCBs 87.5 
(58.6-96.7) 

74.0 
(44.6-89.4) 

67.3 
(38.3-84.9) 

58.9 
(29.8-79.3) 

29.4 
(5.3-60.2) 

29.4 
(5.3-60.2) 

0.670 

Others 1.0 94.1 
(65.0-99.1) 

80.7 
(51.1-93.4) 

41.9 
(13.9-68.1) 

31.4 
(7.9-59.0) 

31.4 
(7.9-59.0) 

Table 3b: Kaplan-Meier survival estimates of probability of remaining responders over time 
Legend: ASMs= antiseizure medications; GS=generalized-onset seizures; GTCS=generalized tonic-clonic seizures. 
 
 
 

 % Responders (95% CI) 
 6 months 

 
12 months 

 
24 months 

 
 48 months 

 
60 months 

 
72 months 

 
P-

value 
All patients             74.4  

(63.8-82.3)  
47.7 

(36.8-57.7) 
27.9 

(18.9-37.6) 
18.0 

(10.4-27.3) 
8.2 

(3.2-16.3) 
8.2 

(3.2-16.3) 
 

Epilepsy 
duration 

<= 60 months 73.7 
(56.6-84.9) 

39.5 
(24.2-54.4) 

23.7 
(11.0-37.9) 

15.2 
(5.2-30.3) 

10.1 
(2.2-25.4) 

10.1 
(2.2-25.4) 

0.455 

> 60 months 75.0  
(60.2-84.9) 

54.2 
(39.2-67.0) 

32.2 
(18.8-44.4) 

20.0 
(9.9-32.5) 

7.5 
(2.0-18.0) 

7.5 
(2.0-18.0) 

Focal Seizure 
types 

focal 78.3 
(63.4-87.7) 

54.3 
(39.0-67.4) 

32.6 
(19.7-46.1) 

22.8 
(11.7-36.0) 

8.5 
(2.3-20.1) 

8.5 
(2.3-20.1) 

0.259 

SGS 0.69 
(0.40-0.86) 

0.62 
(0.34-0.80) 

0.62 
(0.34-0.80) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

Generalized 
Seizure types 

GTCS 76.9 
(44.2-91.9) 

69.2 
(37.3-87-.2) 

46.1 
(19.2-69.6) 

27.7 
(7.1-53.6) 

9.2 
(0.6-33.4) 

* 0.554 

Others 73.7 43.9 24.6 18.2 7.8 7.8 
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(60.2-83.2) (30.8-56.1) (14.3-36.2) (9.2-29.6) (2.2-18.2) (2.2-18.2) 
Epilepsy 
types 

Focal 76.4 
(62.8-85.5) 

41.8 
(28.7-54.3) 

23.6 
(13.5-35.4) 

15.9 
(7.6-26.9) 

9.1 
(3.1-19.1) 

9.1 
(3.1-19.1) 

0.536 

Generalised 76.9 
(44.2-91.9) 

69.2 
(37.3-87.2) 

46.1 
(19.2-69.6) 

23.1 
(4.1-51.0) 

* * 

Combined 66.7 
(40.3-83.4) 

50.0 
(25.9-70.0) 

27.8 
(10.1-48.9) 

18.5 
(4.0-41.4) 

9.3 
(0.7-32.2) 

* 

Aetiology Fixed 75.6 
(59.4-86.1) 

56.1 
(39.7-69.6) 

31.7 
(18.3-46.0) 

18.4 
(7.5-33.2) 

4.6 
(0.4-18.5) 

4.6 
(0.4-18.5) 

0.916 

Progressive 80.0 
(50.0-93.1) 

33.3 
(12.1-56.4) 

13.3 
(82.2-34.6) 

13.3 
(82.2-34.6) 

13.3 
(82.2-34.6) 

13.3 
(82.2-34.6) 

Unknown 70.0 
(50.3-83.1) 

43.3 
(25.6-59.9) 

30.0 
(15.0-46.5) 

19.0 
(7.3-35.0) 

7.6 
(1.4-21.3) 

7.6 
(1.4-21.3) 

Number of 
ASMs in 
add-on 

<=2 80.0 
(66.0-88.7) 

54.0 
(39.3-66.6) 

32.0 
(19.7-45.0) 

22.9 
(12.2-35.6) 

10.2 
(3.4-21.4) 

10.2 
(3.4-21.4) 

0.151 

>2 66.7 
(48.8-79.5) 

38.9 
(23.3-54.2) 

22.2 
(10.5-36.7) 

10.6 
(2.5-25.4) 

5.3 
(0.5-20.1) 

5.3 
(0.5-20.1) 

Type of 
ASMs in 
add-on 

SCBs 71.4 
(53.4-83.5) 

45.7 
(28.9-61.0) 

25.7 
(12.8-40.8) 

22.5 
(10.4-37.4) 

9.0 
(1.8-13.7) 

9.0 
(1.8-13.7) 

0.859 

Others 76.5 
(62.3-85.9) 

49.2 
(34.8-61.8) 

29.4 
(17.7-42.1) 

15.6 
(6.9-27.5) 

7.8 
(2.1-18.4) 

7.8 
(2.1-18.4) 

Table 3c: Kaplan-Meier survival estimates of probability of continuing LCM without additional therapy 
Legend: ASMs= antiseizure medications; GS=generalized-onset seizures; GTCS=generalized tonic-clonic seizure. 
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Figure 3b: Kaplan-Meier survival estimates. Probability of continuing LCM without additional therapy 
 
 

a. Relapse after ≥50% reduction in seizure frequency 

Variables  Hazard Ratio (CI 95%) P- value 

Age  1.02 (0.86-1.2) 0.811 

Number of ASMs in 
add-on ≤ 2 1.48 (0.38-5.68) 0.570 

 > 3 1.0  

Type of ASMs in  
add-on Others 1.0  

 SCBs 1.40 (0.49-4.02) 0.533 

Epilepsy type Focal 1.0  

 Combined 0.49 (0.39-6.95) 0.428 

 Generalized 1.65 (0.39-6.95) 0.497 

b. LCM discontinuation or addition of another antiseizure medication 

Age  0.98 (0.93-10.03= 0.485 

Number of ASMs in 
add-on ≤ 2 0.66 (0.41-1.06) 0.087 

 > 3 1.0  

Type of ASMs in  
add-on Others 1.0  

 SCBs 0.96 (0.60-1.54) 0.872 

Epilepsy type Focal 1.0  
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 Combined 0.92 (0.50-1.66) 0.773 

 Generalized 0.63 (0.32-1.24) 0.184 

Table 3d: Cox regression analysis  
 
 

4.2 Stiripentol (STP) studies 
 

4.2.1 Stiripentol (STP) first study 

One hundred and thirty-two individuals (61 females), aged from 5 months to 43 years 
(median 7.8 years) received STP as add-on treatment for refractory epilepsies including 30 patients 
with DS. Clinical and demographic characteristics are reported in Table 4a.  
Median duration of follow-up while on STP was 14.8 months. The most common type of epilepsy 
was generalized (38.6%). A genetic etiology was suspected in 70.4% of all patients and could be 
confirmed through epilepsy gene panels, or whole exome sequencing or CGH-array in 37.1%. The 
remaining etiologies were structural (non-genetic) in 25.8%, post-infectious (1.5%), immune 
(1.5%) and metabolic (0.8%). The single most frequent genetic category was DS (30 out of 49).   
The maximum STP dosage (around 50 mg/kg/day) was reached in 44% of patients. Twenty-nine 
individuals (22%) received more than two ASMs; benzodiazepines, mainly CLB, were the most 
commonly used add-on medications. With the exception of individuals with DS, most of the 
remaining patients had received from 3 to 14 ASMs, with a median of 6 therapeutic failures 
documented in most. 
Sixty-six patients (50%) were responders and 13 of them (9.8%) had achieved seizure-freedom. 
Median age of the 13 seizure-free patients (7 female) was 15.1 years (range 6.3 – 49.9 years), with 
a median age at seizure onset of 0.9 years (range 0.1 – 15 years) and a median follow-up duration 
of 7.8 years (range 2.2 – 9.8 years). Epilepsy type was generalized in 6 patients, combined in 4 and 
focal in the remaining 3. Etiology was genetic (DS) in 3 patients, suspected genetic in 3, structural 
in 4 (2 infectious and 2 malformation related), immune in 1 and unknown in 2 (one case with LGS). 
The responder rate was higher in the genetic etiology group (57%).  
Among individuals with focal epilepsy, the responder rate was 45.0% (18/40) with efficacy being 
observed in 33.3% of the 15 individuals with focal onset seizures without bilateral tonic-clonic 
seizures. Among the generalized epilepsies, the responder rate was 52.9% (27/51) and efficacy was 
observed in 75.0% of the 24 individuals with GTCS compared to 33.3% of the 27 with other 
generalized seizure types (p=0.003).  
No statistically significant differences in responder rates were observed in relation to age at epilepsy 
onset, maximum STP and CLB doses and number and type of add-on ASMs.  
For the 66 individuals in whom STP had been effective, the probability to remain responders was 
77.1% at 6 months, 62.7% at 12 months, 53.9% at 24 months, and 46.6% in the period from 48 
months to the longest follow-up (18.4 years) (Table 4b). The median time to relapse was 27 months 
in the entire study population (Figure 4a). The lowest levels of STP efficacy were observed in 
patients with focal epilepsy with focal to bilateral tonic-clonic seizures, since at 24 months, only 
40.4% of them were still responders, compared to 60.0% of those with focal onset seizures without 
bilateral tonic-clonic seizures, to 48.6% of those with generalized tonic-clonic seizures and to 
62.5% of those with other generalized seizure types. Patients with focal onset seizures without 
bilateral tonic-clonic seizures exhibited the highest probability to remain responders at 72 months 
and until the end of follow-up (Figure 4c and Figure 4d). Although not statistically significant, the 
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risk of relapse was higher in patients with longer than 60 months of active epilepsy. No differences 
in relapse-free survival were observed when analyzing etiology and number of concomitant ASMs.  
In the whole study population, the probability of remaining on STP with no change in the treatment 
schedule was 77.1% at 6 months, 64.4% at 12 months, 50.2% at 24 months, and 37.6% in the period 
from 48 months to the end of follow-up (Table 4c). The median time to STP failure was 24.6 months 
in all 132 individuals (Figure 4b). The probability of remaining on STP at 72 months was higher in 
generalized epilepsy (52.7%) compared to combined (36.8%) and focal (22.3%) forms (p=0.04) 
(Figure 4e). Therapy with STP remained unchanged at 60 months in 54.8% of individuals with a 
genetic etiology and in the 43.4% of those with epilepsy of unknown etiology, compared to 9.8% 
of individuals with other etiologies including metabolic, immune, infective and structural causes. 
No statistically significant differences in retention rate were observed in relation to epilepsy 
duration, seizure types and ASMs number.  
Cox regression multivariate analysis showed a non-significant increased risk of relapse in patients 
with an epilepsy history longer than 60 months (HR 1.6, CI95% 0.8-3.4) compared to those with a 
shorter duration and to those with unknown etiology (HR 1.5, CI95% 0.6-3.7) or other etiologies 
(immune, metabolic, structural, infectious) (HR 2.3, CI95% 0.9-5.4) compared to genetic etiology 
(Table 4d). In the multivariate retention rate analysis, non-genetic etiologies showed a statistically 
significant higher STP failure compared to genetic ones (HR 2.8, CI95% 1.5-5.4). 
Adverse events were observed in 22 patients (16.7%) leading to STP discontinuation in 4. The 
most frequently reported adverse events were neurological (12.1%) and gastrointestinal (3.8%). 
 

Variables 
Responders  

N (%) 

     Non-
Responders  

N (%) 

Total  

N (%) 
 p-value 

Age, years Median (range) 8.2 (1.2–43.5) 7.3 (0.4–23.8) 7.8 (0.4–43.5) 0.196 

Sex Female 30 (45.4) 31 (47.0) 61 (46.2) 0.861 

Age of epilepsy 
onset,   years Median (range) 0.9 (0 – 21.0) 1.3 (0 – 15.5) 0.9 (0 – 21.0) 0.899 

Duration of epilepsy,  

years 
Median (range) 3.8 (0.3–42.6) 3.9 (0.2–16.8) 3.9 (0.2–42.6) 0.155 

Type of epilepsy Focal 18 (27.3) 22 (33.3) 40 (30.3)  

 Generalized 27 (40.9) 24 (36.4) 51 (38.6) 0.740 

 Combined 21 (31.8) 20 (30.3) 41 (31.1)  

Type of seizures Focal* 5 (27.8) 10 (45.4) 15 (37.5) 
0.251 

 SGS* 13 (72.2) 12 (54.6) 25 (62.5) 

 GTCS** 18 (66.7) 6 (25.0) 24 (47.1) 
0.003 

 Other GS** 9 (33.3) 18 (75.0) 27 (52.9) 

Etiology Genetic 28 (42.4) 21 (31.8) 49 (37.1) 
0.424 

 Unknown 19 (28.8) 25 (37.9) 44 (33.3) 
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 Structural 16 (24.3) 18 (27.3) 34 (25.8) 

 Infectious 1 (1.5) 1 (1.5) 2 (1.5) 

 Immune 2 (3.0) 0 (0) 2 (1.5) 

 Metabolic 0 (0) 1 (1.5) 1 (0.8) 

Genetic etiology Dravet syndrome  18 (64.3) 12 (57.1) 30 (61.2) 
0.612 

 Other genetic 10 (35.7) 9 (42.9) 19 (38.8) 

ASMs in add-on ≤ 2 AEDs 52 (78.8) 51 (77.3) 103 (78.0) 
0.833 

 > 2 AEDs 14 (21.2) 15 (22.7) 29 (22.0) 

Concomitant ASMs CBZ 11 (16.7) 15 (22.7) 26 (19.7) 0.381 

 CLB 61 (92.4) 62 (93.9) 123 (93.2) 0.730 

 CZP 1 (1.5) 1 (1.5) 2 (1.5) 1.000 

 ETS 3 (4.5) 5 (7.6) 8 (6.1) 0.466 

 LEV 1 (1.5) 3 (4.5) 4 (3.0) 0.310 

 LTG 3 (4.5) 1 (1.5) 4 (3.0) 0.310 

 LZP 0 (0) 1 (1.5) 1 (0.8) 0.315 

 NZP 0 (0) 1 (1.5) 1 (0.8) 0.315 

 PB 7 (10.6) 10 (15.1) 17 (12.9) 0.436 

 PHT 5 (7.6) 2 (3.0) 7 (5.3) 0.244 

 VPA 43 (65.1) 34 (51.5) 77 (58.3) 0.112 

 ZNS 2 (3.0) 0 (0) 2 (1.5) 0.154 

 RUF 0 (0) 2 (3.0) 2 (1.5) 0.154 

 LCM 1 (1.5) 1 (1.5) 2 (1.5) 1.000 

 TPM 2 (3.0) 0 (0) 2 (1.5) 0.154 

 OXC 0 (0) 1 (1.5) 1 (0.8) 0.315 

 GVG 0 (0) 1 (1.5) 1 (0.8) 0.315 

Table 4a: Patient demographics and characteristics  

Legend: SGS, secondarily generalized seizures; GTCS, generalized tonic clonic seizures; GS, generalized 
seizures; ASMs, antiepileptic drugs; CBZ, carbamazepine; CLB, clobazam; CZP, clonazepam; ETS, 
ethosuximide; LEV, levetiracetam; LTG, lamotrigine; LZP, lorazepam; NZP, nitrazepam; PB, phenobarbital; 
PHT, phenytoin; VPA, valproic acid; ZNS, zonisamide; RUF, rufinamide; LCM, lacosamide; TPM, 
topiramate; OXC, oxcarbazepine; GVG, vigabatrin. * Patients with focal epilepsy only. ** Patients with 
generalized epilepsy only. 
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Figure 4a: Kaplan Meier survival estimates. Probability to remain responders 
 
 

 

.  
Figure 4b: Kaplan Meier survival estimates. Probability to continuing STP without additional therapy 
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  % Responders (CI 95%) 

  6 months 12 months 24 months 48 months 60 months 72 months 80 months 110 months p 

Whole 
population  

77.1  

(64.9-85.5) 

62.7  

(49.7-73.3) 

53.9  

(40.7-65.4) 

46.6  

(33.0-59.1) 

46.6  

(33.0-59.1) 

46.6  

(33.0-59.1) 

46.6  

(33.0-59.1) 

46.6  

(33.0-59.1) 
0.15

9 

Epilepsy 
duration 

<= 60 months 
76.2  

(57.9-87.3) 

69.8  

(51.1-82.5) 

62.9  

(43.6-77.1) 

58.1  

(38.3-73.6) 

58.1 

 (38.3-73.6) 

58.1 

 (38.3-73.6) 

58.1  

(38.3-73.6) 

58.1  

(38.3-73.6) 0.66
8 

> 60 months 
78.1  

(59.5-88.9) 

55.4  

(36.6-70.7) 

44.6  

(26.5-61.1) 

35.1 

 (17.6-52.9) 

35.1 

 (17.6-52.9) 

35.1  

(17.6-52.9) 

35.1  

(17.6-52.9) 

35.1  

(17.6-52.9) 

Type of focal 
seizures 

Focal 
72.7 

 (37.1-90.3) 

72.7  

(37.1-90.3) 

72.7  

(37.1-90.3) 

72.7  

(37.1-90.3) 
72.7  

(37.1-90.3) 
72.7 

 (37.1-90.3) 

72.7  
(37.1-90.3) 

* 

0.53
4 

SG 
72.4  

(52.3-85.1) 

65.1  

(44.8-79.5) 

48.1  

(28.1-65.6) 
31.6  

(13.6-51.4) 

31.6  

(13.6-51.4) 

31.6  

(13.6-51.4) 

31.6  

(13.6-51.4) 

* 

Type of 
generalized 

seizures 

GTCS 90.3  
(72.9-96.8) 

67.7 
 (48.4-81.2) 

57.4  
(38.0-72.7) 

48.9  
(29.5-65.7) 

48.9 

 (29.5-65.7) 

48.9 

 (29.5-65.7) 

48.9  

(29.5-65.7) 

48.9 

 (29.5-65.7) 0.18
1 

Others 
73.3  

(43.6-89.0) 

60  

(31.8-79.7) 

52.5 

 (25.2-74) 

39.4  

(12.5-65.9) 

39.4 

 (12.5-65.9) 

39.4 

 (12.5-65.9) 

39.4  

(12.5-65.9) 

* 

Type of 
epilepsy 

Focal 
55.6 

 (30.5-74.8) 

55.6  

(30.5-74.8) 
46.3 

 (20.9-68.5) 

46.3  

(20.9-68.5) 

46.3  

(20.9-68.5) 

46.3 

 (20.9-68.5) 

 

46.3  

(20.9-68.5) 

 

* 
0.87

5 

Generalized 
84.6 

 (64.0-93.9) 
57.7 

 (36.8-73.9) 
53.3 

 (32.5-70.2) 
46.6  

(25.3-65.4) 

46.6 

 (25.3-65.4) 

46.6  

(25.3-65.4) 

46.6 

 (25.3-65.4) 

46.6  

(25.3-65.4) 
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Combined 
85.7 

 (62-95.2) 

76.2  

(51.9-89.3) 

61  

(36.8-78.3) 

47 

 (22.9-68) 

47 

 (22.9-68) 

47  

(22.9-68) 

47  

(22.9-68) 

* 

Etiology 

Fixed 
80.7  

(66.2-89.5) 

64.7  

(48.9-76.7) 
54.7  

(38.8-68.1) 

46.1 

 (30.3-60.5) 

46.1  

(30.3-60.5) 

46.1  

(30.3-60.5) 

46.1 

 (30.3-60.5) 

46.1 

 (30.3-60.5) 0.97
7 

Unknown 
68.4 

 (42.8- 84.4) 

57.9  

(33.2-76.3) 

52.6  

(28.7-71.9) 

52.6  

(28.7-71.9) 

52.6  

(28.7-71.9) 

52.6  

(28.7-71.9) 

52.6 

 (28.7-71.9) 

* 

Number of 
ASMs in 
add-on 

< 3 ASMs 
80.6  

(66.9-89) 

62.5 

 (47.6-74.2) 

51.5 

 (36.7-64.5) 

45.3  

(30.2-59.3) 
45.3  

(30.2-59.3) 

45.3 

 (30.2-59.3) 

45.3  

(30.2-59.3) 

45.3  

(30.2-59.3) 0.11
5 

> 2 ASMs 
64.3  

(34.3-83.3) 

64.3 

 (34.3-83.3) 

64.3  

(34.3-83.3) 

51.4 

 (20-76) 

51.4 

 (20-76) 

51.4  

(20-76) 

51.4 

 (20-76) 

* 

Type of 
ASMs in 
add-on 

Others 1 
80  

(20.4-96.9) 

80  

(20.4-96.9) 

80  

(20.4-96.9) 

80  

(20.4-96.9) 
* 

* * 

 

CLB 
75.2  

(62.3-84.3) 

61.3  

(47.7-72.4) 

51.7  

(38-63.8) 

43.6  

(29.5-56.8) 
43.6  

(29.5-56.8) 
43.6  

(29.5-56.8) 

43.6  
(29.5-56.8) 

43.6 ( 
29.5-56.8) 

Table 4b: Kaplan-Meier survival estimates of probability of remaining responders over time 
Legend: SGS, secondarily generalized seizures; GTCS, generalized tonic clonic seizures; GS, generalized seizures; ASMs, antiepileptic drugs; CLB, clobazam. 
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% Responders (CI 95%) 

  6 months 12 months 24 months 48 months 60 months 72 months 80 months 110 months p 

Whole 
population  

77.1  

(68.9-83.4) 

64.4  

(55.4-72) 

50.2  

(40.9-58.8) 
37.6 

 (27.8-47.4) 

37.6 

 (27.8-47.4) 
37.6 (27.8-

47.4) 

37.6 
 (27.8-47.4) 

37.6  
(27.8-47.4) 0.596 

Epilepsy 
duration 

< = 60 months 
77.5 

 (66.3-85.3) 
59.5  

(47.4-69.7) 

48.7  

(36.6-59.7) 

41.1 

 (28.4-53.4) 
41.1  

(28.4-53.4) 

41.1  

(28.4-53.4) 

41.1  

(28.4-53.4) 

41.1  

(28.4-53.4) 
0.043 

> 60 months 
76.2  

(62.5-85.4) 

70.5 

 (56.3-80.8) 

51.3  

(36.6-64.2) 
30.3 

 (15.5-46.5) 

30.3  

(15.5-46.5) 
30.3  

(15.5-46.5) 

30.3  
(15.5-46.5) 

30.3 
 (15.5-46.5) 

Type of focal 
seizures 

Focal 
76.9 

 (55.7-88.9) 

51.3  

(30.3-68.9) 

34.2  

(16.5-52.8) 

28.5  

(11.9-47.7) 

28.5  

(11.9-47.7) 

28.5  

(11.9-47.7) 

28.5  

(11.9-47.7) 

* 

0.139 

SG 
78.2  

(64.8-87) 

67  

(52.8-77.8) 
52.4  

(37.9-65) 

33.3  

(19.5-47.7) 

33.3  

(19.5-47.7) 

33.3  

(19.5-47.7) 

33.3  

(19.5-47.7) 

* 

Type of 
generalized 

seizures 

GTCS 86.4 
 (72.1-93.6) 

79.6  

(64.4-88.8) 

69.6  

(53.3-81.1) 

49 

 (31.1-64.6) 

49  

(31.1-64.6) 

49  

(31.1-64.6) 

49  

(31.1-64.6) 

49  

(31.1-64.6) 
0.099 

Others 
71.5  

(56-82.3) 
64.3  

(48.4-76.5) 

48.7  

(32.9-62.8) 
41.8  

(23.7-58.8) 
41.8 

 (23.7-58.8) 
41.8  

(23.7-58.8) 

41.8 
 (23.7-58.8) 

* 

Type of epilepsy 

Focal 
72.3  

(55.5-83.6) 

45.6 

 (29.5-60.4) 

30.1 

 (16-45.5) 

22.3 

 (9.7-38.1) 
22.3  

(9.7-38.1) 

22.3  

(9.7-38.1) 

22.3 

 (9.7-38.1) 

* 

0.254 

Generalized 
76.1 

 (61.8-85.7) 

67.9  

(53-78) 

58.5  

(43.2-71.0) 

52.7  

(34.9-67.7) 

52.7  

(34.9-67.7) 

52.7  

(34.9-67.7) 

52.7  

(34.9-67.7) 

52.7  

(34.9-67.7) 
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Combined 
82.9  

(67.5-91.5) 

77.9 

 (61.8-87.8) 

59.5  

(42.6-73) 
36.8 

 (20-53.8) 

36.8  

(20-53.8) 

36.8 

 (20-53.8) 

36.8  

(20-53.8) 

* 

Eziology 

Fixed 
81.5  

(71.5-88.2) 

64.7  

(53.5-73.8) 
48.2  

(36.7-58.8) 

35.1 

 (23.7-46.7) 

35.1 

 (23.7-46.7) 

35.1 

 (23.7-46.7) 

35.1  

(23.7-46.7) 

35.1 

 (23.7-46.7) 

0.628 Progressive * * * * * * * * 

Unknown 70.2 
 (54.2-81.5) 

65.4  

(49.2-77.5) 

55.4  

(39.2-68.9) 

43.3  

(23.2-61.9) 

43.3 

 (23.2-61.9) 
43.3 

 (23.2-61.9) 

43.3  
(23.2-61.9) 

* 

Number of ASMs 
in add-on 

<= 2 ASMs 
79.3  

(70-86) 

65  

(54.9-73.5) 
50.3  

(39.7-59.9) 
34.4  

(23-46) 

34.4  

(23-46) 

34.4 

 (23-46) 

34.4  

(23-46) 

34.4  

(23-46) 

0.243 

> 2 ASMs 66.7  
(45.7-81.1) 

62.5  

(41.5-77.8) 
53.2  

(32.1-70.4) 

48.4  

(27.6-66.4) 
48.4  

(27.6-66.4) 

48.4 

 (27.6-66.4) 

48.4  

(27.6-66.4) 

* 

Type of ASMs in 
add-on 

CLB 78.7  
(70.3-84.9) 

65.8  

(56.6-84.9) 
65.8  

(56.6-73.6) 

51.5  

(42-60.3) 
38.4 

 (28.1-48.5) 

38.4  

(28.1-48.5) 

38.4  

(28.1-48.5) 

38.4 

 (28.1-48.5) 
 

Others 55.6 
 (20.4-80.5) 

44.4 

 (13.6-71.9) 
33.3 

 (7.8-62.3) * * * 
* * 

Table 4c: Kaplan-Meier survival estimates of probability of continuing STP without additional therapy 
Legend: SGS, secondarily generalized seizures; GTCS, generalized tonic clonic seizures; GS, generalized seizures; ASMs, antiepileptic drugs; CLB, clobazam. 
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Figure 4c: Kaplan Meier survival estimates. Probability of remain responders by type of epilepsy 
 

   

 
Figure 4d: Kaplan Meier survival estimates. Probability of remain responders by type of seizures 
 



 
 

33 

      
Figure 4e: Kaplan Meier survival estimates. Retention-Rate by type of epilepsy
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Variables  Hazard Ratio 95% CI p 

Relapse after ≥50% reduction in seizure frequency 

Duration of epilepsy < = 60 months 1.0   
  > 60 months 1.64 0.79-3.41 0.180 
     

Type of epilepsy 
Combined 1.0   
Generalized 1.26 0.05-2.96 0.590 
Focal 1.31 0.51-3.39 0.578 

     
Etiology Genetic 1.0   
 Unknown 1.5 0.6-3.76 0.388 
 Others 2.26 0.94-5.46 0.069 
     
Number of ASMs in 
add-on 

< = 2 ASMs 1.0   
> 2 ASMs 1.06 0.42-2.63 0.902 

 

      STP discontinuation or addition of another antiseizure medication 

Duration of epilepsy 
 

< = 60 months 1.0   
 > 60 months 0.87 0.54-1.4 0.563 

     

Type of epilepsy 
Combined 1.0   
Generalized 0.85 0.46-1.56 0.591 
Focal 1.13 0.62-2.07 0.682 

     

Etiology 
 

Genetic 1.0   
Unknown 1.5 0.82-2.95 0.177 
Others 2.85 1.51-5.39 0.001 

     
Number of ASMs in 
add-on 

< = 2 ASMs 1.0   
> 2 ASMs 0.86 0.47-1.55 0.608 

Table 4d: Cox regression 
 

 
4.2.2 Stiripentol (STP) second study 

 

Our study comprised 196 patients (88 female, median age 8.3 years, age range 0.4-46.5). 
The majority were children (≤ 18 years) (n=171, 87%). The median age at onset of epilepsy was 
1.3 years (range 0-21), and median epilepsy duration was 4.6 years (0.2-43.6). The epilepsy type 
was classified as generalized in 84 patients (43%), focal in 61 (31%), and combined in 51 (26%). 
Seizure types included focal to bilateral tonic-clonic seizures in 36 (59%), generalized-onset tonic-
clonic seizures in 46 (55%), other generalized-onset seizures in 36 (45%) and focal-onset with and 
without impaired awareness in 25 patients (41%). The most prevalent etiology was genetic, 
including DS (n=39, 20%) and other genetic causes (n=32, 16%), followed by unknown (n=64, 
33%), structural (n=51, 26%), immune or infectious (n=7, 4%) and metabolic (n=3, 1.5). The list 
of other genetic etiologies is provided in the Table 5a. STP was added to three or less antiseizure 
medications (ASM) in 140 patients (74%) whilst in a minority it was added to more than three 
ASMs (n=49, 26%). Concomitant treatment in most patients included clobazam (n=181, 92%) and 
valproate (n=109, 56%). 
Median duration of follow-up during STP treatment was 12.2 months (range 0.5- 232.8). Patients 
who responded to STP were 103 (53%), with 18 (9%) who became seizure-free. The highest 
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response rate was observed for age 0-4 and > 18 years (54.5 and 64%, respectively), and in 
generalized (60.7%) and combined (52.9%) epilepsies. There was no significant difference between 
responders and non-responders across age groups (P=0.507), median STP dosage (P=0.71), 
etiology (P=0.176), epilepsy type (P=0.063) and duration (P=0.338), and number of ASM in add-
on (P=0.204). Concomitant treatment with valproate was more frequent in responders (P=0.001), 
whilst there was no difference in other concomitant ASMs between responders and non-responders. 
In line with our previous study27, almost half of patients with focal to bilateral tonic-clonic seizures 
(47.2%)  and about a third of patients with focal-onset seizures with or without impaired awareness 
(32%) responded to add-on STP.  
Treatment-emergent adverse events were reported in 38 (19.4%) of 196 patients, including mainly 
neurological symptoms (n=26, 13%), followed by gastrointestinal manifestations (n=5, 2.5%), skin 
reactions (n=2, 1%) and urinary symptoms (n=1, 0.5%) (Table 5b). No serious adverse events were 
observed.   
After performing univariate association analysis, we found a significant difference between 
treatment response and concomitant treatment with valproate (69, 63.3% of responders, vs 40, 
36.7% of non-responders), and generalized-onset tonic-clonic seizure type when compared to other 
generalized-onset seizures (non-convulsive). There was no other factor significantly associated with 
treatment response.  
The probability of remaining responders at different follow up intervals is reported in Table 5c.  
Age at STP initiation emerged as a predictive factor of sustained response as a higher rate of 
response over time was observed in the 0-4 years age group and in the adult group (P=0.035, Table 
5b). None of the other analyzed factors significantly affected relapse-free survival. 
The responder rate in people with focal-onset seizures with/without impaired awareness remained 
stable when compared with subgroups with other seizure types (Table 5c). The relapse-free survival 
in subjects with DS was longer and more stable over time than that observed in the other etiologies. 
No significant differences were observed in the relapse-free survival by number of ASMs used in 
add-on. The probability of remaining responders over time stratified by age, epilepsy type and 
aetiology is shown in Figure 5a. 
We also analyzed the STP retention rate as a proxy of efficacy and tolerability. All 196 subjects 
were included from STP initiation to the first treatment change, defined as STP withdrawal and/or 
introduction of any pharmacological or non-pharmacological treatment including surgery. The 
median retention rate (probability of continuing STP with no change in treatment schedule) was 20 
months. Retention rates over time are reported in Table 5d. 
There was a difference in retention rates across the age groups, although not statistically significant: 
a greater retention of STP over time was observed in the age groups 0-4 years and adults (P = 
0.089). Etiology and epilepsy type were significantly associated with STP retention rate. At 60 and 
72 months, 50% of DS subjects remained on treatment with STP and the probability of continuing 
STP with no change in treatment schedule was higher than with other etiologies (P = 0.0001). 
Subjects with generalized and combined types of epilepsies had a higher probability of continuing 
STP with no change in treatment schedule than those with focal epilepsies (P = 0.0311). The 
probability of continuing STP over time stratified by age, epilepsy type and etiology is shown in 
Figure 5b. We note that there is a greater difference in STP efficacy as measured by retention rate 
among epilepsy type (highest for generalized epilepsies) and etiologies (highest for DS), compared 
with STP efficacy measured by relapse-free survival where no statistical difference emerged among 
different epilepsy types or etiologies. 
The multivariable Cox regression analysis confirmed etiology to be a strong predictor of both 
relapse and retention rates: with DS as reference category, the HR for relapse rate in the responder 
cohort was 3.6 (CI 95% 1.4-9.4, P=0.009) for other genetic etiologies (non-DS), 3.8 (CI 95% 1.4-
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10.3, P=0.008) for other etiologies (i.e., structural, immune/infectious, metabolic), and 2.4 (CI 95% 
1.0-5.9, P=0.044) for unknown etiology; the HR for retention rate in the overall cohort was 3.3 (CI 
95% 1.7-6.3, P<0.001) for other genetic etiologies (non-DS), 3.7 (CI 95% 2.0-7.0, P<0.001)  for 
other etiologies (i.e., structural, immune/infectious, metabolic), and 2.4 (CI 95% 1.3-4.4, P=0.005) 
for unknown etiology. The epilepsy type was associated with retention rate, with generalized 
epilepsy having a lower risk of STP discontinuation than other epilepsy types (HR 0.6, CI.95% 0.4-
0.9; P=0.033). There was also a trend towards significance of pediatric patients showing a higher 
risk of relapse than adults (HR 2.9 l, CI.95% 1.0-8.5; P=0.051) (Table 5e).  
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Genetic abnormality Age (years) Responders (Y/N) Relapse (Y/N, time in 

months after STP 
initiation) 

Type of epilepsy 

SHANK3  
c.4020_4021 del (frameshift); de novo 

7 Y Y, 4 generalized 

KMT2A 
c.3460C>T (missense) de novo 

12 Y Y, 8 generalized 

HCN1 
c.459G>C (missense); de novo 

3 Y Y, 7 focal 

STARD7 
chr2:g.96862805AAAAT[(n)]/AAATG[(n
)]; de novo 

34  Y N generalized 

PPP2R3A 
c. 2945G>T (VOUS); de novo 

8 Y Y, 25 generalized 

KCNT1 
c.1066C>T (missense); de novo 

1 N - focal 

FAT4 
c.1687G>T (missense) mat; c.8224A>G 
(missense) pat 

4 Y Y, 12 combined 

CACNA1A 
c.6706-6716del mat; c.1917-3C>G 
(frameshift) pat 

5 Y Y, 2 generalized 

SYNGAP1 
c.3061C>T (nonsense); de novo 

3 Y Y, 5 generalized 

KCNT1 
c.2782 C>T (missense); mat 

14 Y Y, 6 focal 

CDKL5 
c.473G>C (missense); de novo 

1  N - combined 

SCL35A3 
c.73C>T (missense); c.899_900delTTinsA 
(frameshift) 

4 N - generalized 

Ring 14 7 Y Y,11 combined 
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CDKL5 
c.119C>T (missense); de novo 

0.4 Y Y, 4 combined 

CACNA1A 
c.4067 C>T (missense); de novo 

7 N - focal 

Del 5q12.3 3 Y N combined 
Ring 20 9 N - combined 
PIEZO1 
c.3000C>A (missense) pat; c.5727A>C 
(missense) mat 

4 Y Y, 23 focal 

HCN1 
c.2829A>G (missense); de novo 

1 Y Y, 10 combined 

CDKL5 
Del exon 1; de novo 

3 N - combined 

Dup Xq28 2 N - generalized 
FOXG1 
c.555G>A (missense); de novo 

10 Y N combined 

SCN8A 
c.5614C>T (missense), de novo 

1 N - generalized 

PCDH19 
c.2697dupA (frameshift), de novo 

2 Y Y, 1 combined 

GGA2 
c.208 A>G (missense), de novo 
 
TENM1 
c.2972C>T (missense), mat 
 
NDST2 
c.1328 A>G (missense) de novo 
(VOUS) 

0.8  Y N generalized 

Del19p13.2 10 Y Y,5 generalised 
Del16p13.3-13.2 11 Y N focal 
NPRL3 
c.980C>T (missense) mat 

8  N - focal 
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SLC35A3 
c.73C>T (missense); c.899_900delTTinsA 
(frameshift) 

2  Y N generalized 

SYNGAP1 
c.3112del de novo 

4  Y N generalized 

Ring 20 5  Y N focal 
SMC1A 
c.3103 C>T (non-sense); de novo 

1  Y N combined 

Table 5a: List of patients exposed to stiripentol with other genetic etiologies (non-Dravet syndrome) 
 
 
 
 

Adverse Event N (%) 
Neurologic 26 (12.9) 
Gastrointestinal 5 (2.5) 
Dermatologic 2 (1.0) 
Urinary 1 (0.5) 
Hematologic 0 (0.0) 
Hepatic 0 (0.0) 

Table 5b: Adverse Events reported in our cohort (n=196) 
 



 
 

40 

 
 Responders, % (95% CI) P-value 

6 months 
(n=77) 

12 months 
(n=56) 

24 months 
(n=42) 

48 months 
(n=22) 

60 months 
(n=14) 

72 months 
(n=12) 

96 months 
(n=10) 

120 months 
(n=3)  

0.81 
(0.72-0.87) 

0.68 
(0.58-0.77) 

0.61 
(0.50-0.71) 

0.45 
(0.33-0.56) 

0.42 
(0.30-0.54) 

0.42 
(0.30-0.54) 

0.38 
(0.25-0.51) 

0.34 
(0.20-0.48) 

 

Age group 

0-4 years 0.83  
(0.65-0.92) 

0.83 
(0.65-0.92) 

0.79 
(0.61-0.90) 

0.61 
(0.41-0.77) 

0.61 
(0.41-0.77) 

0.61 
(0.41-0.77) 

0.51 
(0.26-0.71) 

0.41 
(0.16-0.65) 

0.0348 

5-9 years 0.81  
(0.60-0.92) 

0.73 
(0.51-0.86) 

0.61 
(0.38-0.78) 

0.34  
(0.14-0.54) 

0.22 
(0.05-0.47) 

0.22 
(0.05-0.47) 

0.22 
(0.52-0.47) 

// 

10-18 years 0.78 
(0.54-0.90) 

0.35 
(0.15-0.56) 

0.29 
(0.10-0.50) 

0.29 
(0.10-0.50) 

0.29 
(0.10-0.50) 

0.29 
(0.10-0.50) 

0.28 
(0.11-0.50) 

0.29 
(0.10-0.50) 

19+ years 0.87 
(0.56-0.96) 

0.79  
(0.49-0.93) 

0.68 
(0.34-0.87) 

0.57 
(0.23-0.80) 

0.57 
(0.23-0.80) 

0.57 
(0.23-0.80) 

0.57 
(0.23-0.80) 

// 

Epilepsy 
duration 

<= 60 months 0.80 
(0.67-0.89) 

0.78 
(0.64-0.87) 

0.73 
(0.58-0.84) 

0.52 
(0.35-0.66) 

0.47 
(0.29-0.63) 

0.47 
(0.29-0.63) 

0.38 
(0.20-0.58) 

0.31 
(0.12-0.52) 

0.2978 
> 60 months 0.83 

(0.69-0.91) 
0.58 

(0.42-0.71) 
0.49 

(0.32-0.63) 
0.38 

(0.22-0.54) 
0.38 

(0.22-0.54) 
0.38 

(0.22-0.54) 
0.38 

(0.23-0.54) 
0.38 

(0.22-0.54) 

Type of 
seizure  

Focal onset 
with/without 
impaired 
awareness 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.92) 

0.73 
(0.28-0.93) 

// 

0.3827 

Focal to 
bilateral 

0.74 
(0.45-0.89) 

0.74 
(0.45-0.89) 

0.53 
(0.22-0.77) 

0.53 
(0.22-0.77) 

0.35 
(0.07-0.66) 

// // // 

GTCS 0.91 
(0.75-0.97) 

0.68 
(0.48-0.81) 

0.63 
(0.43-0.78) 

0.59 
(0.38-0.75) 

0.59 
(0.38-0.75) 

0.59 
(0.38-0.74) 

0.47 
(0.21-0.69) 

0.35 
(0.11-0.61) 

0.2572 Other  
GS (non-
convulsive) 

0.69 
(0.40-0.86) 

0.62 
(0.34-0.80) 

0.62 
(0.34-0.80) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

0.31 
(0.08-0.58) 

// 

Type pf 
epilepsy  

Focal 0.74 
(0.51-0.87) 

0.74 
(0.51-0.87) 

0.60 
(0.35-0.79) 

0.60 
(0.35-0.79) 

0.48 
(0.20-0.72) 

0.48 
(0.20-0.72) 

0.48 
(0.20-0.72) 

// 

0.8090 
Generalised 0.84 

(0.70-0.92) 
0.66 

(0.50-0.78) 
0.63 

(0.47-0.75) 
0.50 

(0.33-0.65) 
0.50 

(0.33-0.65) 
0.49 

(0.33-0.65) 
0.33 

(0.14-0.54) 
0.33 

(0.14-0.54) 
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Combined 0.85 
(0.64-0.94) 

0.73 
(0.50-0.86) 

0.63 
(0.40-0.79) 

0.33 
(0.15-0.53) 

0.33 
(0.15-0.53) 

0.33 
(0.15-0.53) 

0.41 
(0.22-0.60) 

// 

Etiology 

Dravet 0.96 
(0.74-0.99) 

0.91 
(0.70-0.98) 

0.91 
(0.70-0.98) 

0.60 
(0.36-0.78) 

0.60 
(0.36-0.78) 

0.60 
(0.36-0.78) 

0.53 
(0.28-0.73) 

0.45 
(0.21-0.67) 

0.1567 

Other genetic 0.71 
(0.44-0.87) 

0.59 
(0.33-0.78) 

0.44 
(0.19-0.67) 

0.36 
(0.13-0.60) 

0.36 
(0.13-0.60) 

0.36 
(0.13-0.60) 

0.36 
(0.13-0.60) 

// 

Unknown 0.78 
(0.59-0.89) 

0.63 
(0.43-0.78) 

0.50 
(0.30-0.67) 

0.45 
(0.26-0.63) 

0.45 
(0.26-0.63) 

0.45 
(0.26-0.63) 

0.45 
(0.26-0.63) 

// 

Other 0.80 
(0.58-0.91) 

0.59 
(0.36-0.77) 

0.59 
(0.36-0.77) 

0.42 
(0.18-0.65) 

0.28 
(0.06-0.56) 

// // // 

Number of 
ASMs in 
add-on 

<=2 0.85 
(0.74-0.92) 

0.68 
(0.55-0.78) 

0.58 
(0.45-0.70) 

0.41 
(0.28-0.54) 

0.41 
(0.28-0.54) 

0.41 
(0.28-0.54) 

0.35 
(0.20-0.51) 

0.35 
(0.20-0.51) 

0.9285 
>2 0.72 

(0.51-0.85) 
0.72 

(0.51-0.85) 
0.72 

(0.51-0.85) 
0.56 

(0.32-0.76) 
0.42 

(0.15-0.68) 
0.42 

(0.15-0.68) 
0.42 

(0.14-0.68) 
// 

Table 5c:  Kaplan‐Meier estimates of the relapse-free survival in responders to treatment with stiripentol. P-values refer to the comparison among the categories of each 
clinical variable as measured by the log rank test. 
Legend: ASMs= antiseizure medications; GS=generalized-onset seizures; GTCS=generalized tonic‐clonic seizures. 
 
 

 Responders, % (95% CI) P- value 
6 months 
(n=139) 

12 months 
(n=103) 

24 months 
(n=64) 

48 months 
(n=28) 

60 months 
(n=18) 

72 months 
(n=17) 

96 months 
(n=14) 

120 months 
(n=4) 

 

0.79 
(0.72-0.84) 

0.64 
(0.56-0.71) 

0.47 
(0.39-0.54) 

0.31 
(0.24-0.39) 

0.26 
(0.18-0.34) 

0.26 
(0.18-0.34) 

0.26 
(0.18-0.34) 

0.13 
(0.05-0.26) 

// 

Age group 

0-4 years 0.83  
(0.72-0.90) 

0.70  
(0.57-0.79) 

0.61 
(0.47-0.72) 

0.45  
(0.31-0.58) 

0.33 
(0.19-0.47) 

0.33  
(0.19-0.47) 

0.33 
(0.19-0.47) 

0.15 
(0.03-0.34) 

0.0898 

5-9 years 0.82 
(0.68-0.90) 

0.54 
(0.38-0.67) 

0.38 
(0.23-0.52) 

0.17 
(0.06-0.33) 

0.17 
(0.06-0.33) 

0.17 
(0.06-0.33) 

0.17 
(0.06-0.33) 

// 

10-18 years 0.69 
(0.53-0.80) 

0.64 
(0.49-0.76) 

0.33 
(0.19-0.47) 

0.26 
(0.14-0.40) 

0.26 
(0.14-0.40) 

0.26 
(0.14-0.40) 

0.26 
(0.14-0.40) 

0.26 
(0.14-0.40) 

19+ years 0.79 
(0.56-0.90) 

0.68 
(0.44-0.83) 

0.58 
(0.34-0.75) 

0.29 
(0.07-0.56) 

0.29 
(0.07-0.56) 

0.29 
(0.07-0.56) 

0.29 
(0.07-0.56) 

// 

<= 60 months 0.78 0.62 0.49 0.33 0.25 0.25 0.24 0.11 0.8503 



 
 

42 

Epilepsy 
duration 

(0.69-0.85) (0.51-0.71) (0.38-0.58) (0.23-0.43) (0.15-0.36) (0.15-0.36) (0.15-0.36) (0.03-0.26) 
> 60 months 0.78 

(0.68-0.86) 
0.66 

(0.54-0.75) 
0.45 

(0.33-0.57) 
0.28 

(0.16-0.41) 
0.28 

(0.16-0.41) 
0.28 

(0.16-0.41) 
0.28 

(0.16-0.41) 
0.28 

(0.16-0.41) 

Seizure 
type 

Focal 0.84 
(0.62-0.94) 

0.45 
(0.23-0.64) 

0.2 
(0.06-0.39) 

0.15 
(0.04-0.33) 

0.15 
(0.04-0.33) 

0.15 
(0.04-0.33) 

0.15 
(0.04-0.33) 

// 

0.3603 
Focal to 
bilateral 

0.70 
(0.50-0.81) 

0.51 
(0.33-0.66) 

0.37 
(0.20-0.53) 

0.24 
(0.10-0.41) 

0.24 
(0.10-0.41) 

0.24 
(0.10-0.41) 

// // 

GTCS 0.84 
(0.69-0.92) 

0.76 
(0.59-0.86) 

0.55 
(0.37-0.69) 

0.51 
(0.34-0.66) 

0.46  
(0.27-0.62) 

0.46  
(0.27-0.62) 

0.46 
(0.27-0.62) 

0.34 
(0.13-0.57) 

0.2438 
Other  
GS 

0.73 
(0.55-0.84) 

0.66 
(0.47-0.79) 

0.57 
(0.38-0.72) 

0.31  
(0.12-0.52) 

0.31  
(0.12-0.52) 

0.31  
(0.12-0.52) 

0.31 
(0.12-0.52) 

// 

Epilepsy 
type 

Focal 0.76 
(0.62-0.85) 

0.48 
(0.34-0.61) 

0.30 
(0.18-0.43) 

0.20 
(0.1-0.32) 

0.20 
(0.1-0.32) 

0.20 
(0.1-0.32) 

0.20 
(0.09-0.32) 

// 

0.0311 
Generalised 0.79 

(0.68-0.86) 
0.71 

(0.59-0.80) 
0.56 

(0.43-0.67) 
0.44 

(0.30-0.56) 
0.40 

(0.26-0.54) 
0.40 

(0.26-0.54) 
0.39 

(0.26-0.56) 
0.24 

(0.08-0.44) 
Combined 0.82 

(0.69-0.90) 
0.71 

(0.57-0.82) 
0.54 

(0.39-0.67) 
 

0.28 
(0.14-0.43) 

0.14 
(0.04-0.30) 

0.14 
(0.04-0.30) 

0.14 
(0.04-0.30) 

// 

Aetiology 

Dravet 0.97 
(0.83-0.99) 

0.92 
(0.76-0.97) 

0.82 
(0.64-0.92) 

0.64 
(0.44-0.78) 

0.50 
(0.29-0.67) 

0.50 
(0.29-0.67) 

0.50 
(0.29-0.67) 

0.19 
(0.04-0.43) 

0.0001 

Other genetic 0.78 
(0.59-0.89) 

0.56 
(0.36-0.72) 

0.40  
(0.22-0.57) 

0.13 
(0.03-0.32) 

0.13 
(0.03-0.32) 

0.13 
(0.03-0.32) 

0.13 
(0.03-0.32) 

// 

unknown 0.74  
(0.61-0.83) 

0.66 
(0.52-0.76) 

0.46  
(0.32-0.59) 

0.38  
(0.24-0.52) 

0.30  
(0.15-0.48) 

0.30  
(0.15-0.48) 

0.30  
(0.15-0.48) 

// 

other 0.72 
(0.59-0.82) 

0.49 
(0.35-0.62) 

0.28  
(0.16-0.41) 

0.13 
(0.05-0.26) 

0.13 
(0.05-0.26) 

0.13 
(0.05-0.26) 

0.13 
(0.05-0.26) 

0.13 
(0.05-0.26) 

ASM in 
add-on 

<=2 0.81 
(0.73-0.87) 

0.65 
(0.56-0.73) 

0.46 
(0.37-0.54) 

0.27 
(0.19-0.36) 

0.22 
(0.14-0.31) 

0.22 
(0.14-0.31) 

0.22 
(0.14-0.31) 

0.17 
(0.08-0.27) 

0.3662 
>2 0.70 

(0.54-0.81) 
0.61  

(0.44-0.74) 
0.53 

(0.35-0.68) 
0.48 

(0.30-0.64) 
0.42  

(0.23-0.58) 
0.42  

(0.23-0.58) 
0.42  

(0.23-0.58) 
// 

Table 5d: Kaplan‐Meier estimates of the probability of continuing stiripentol with no change in treatment schedule. P-values refer to the comparison among the 
categories of each clinical variable as measured by the log rank test. 
Legend: ASMs= antiseizure medications; GS=generalized-onset seizures; GTCS=generalized tonic‐clonic seizure.
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a. Relapse after ≥50% reduction in seizure frequency 

Variables  Hazard Ratio (CI 95%) P- value 

Age 
Adult 1.0  

Paediatric 3.6 (1.2-11.2) 0.024 

Epilepsy duration 
≤ 60 months 1.0  

> 60 months 1.5 (0.8-2.8) 0.259 

Aetiology 

Genetic (DS) 1.0  

Other genetic 3.9 (1.4-10.6) 0.009 

Unknown 2.7 (1.1-6.7) 0.035 

Other 4.5 (1.6-12.6) 0.005 

Epilepsy type 

Combined 1.0  

Focal 0.4 (0.1-1.0) 0.045 

Generalised 0.6 (0.3-1.4) 0.248 

Concomitant ASMs 
CLB 3.7 (0.9-16.4) 0.080 

VPA 0.8 (0.4-1.6) 0.469 

b. Stiripentol discontinuation or addition of another ASM 

Age Adult 1.0  

Paediatric 1.6 (0.8-3.3) 0.184 

Epilepsy duration ≤ 60 months 1.0  

> 60 months 0.98 (0.6-1.5) 0.929 

Aetiology Genetic (DS) 1.0  

Other genetic 2.8 (1.4-5.6) 0.003 

Unknown 2.40 (1.1-3.8) 0.032 

Other 3.0 (1.5-6.0) 0.001 

Epilepsy type Combined 1.0  

Focal 0.8 (0.5-1.2) 0.273 

Generalised 0.6 (0.4-1) 0.037 

Concomitant ASMs 
CLB 0.8 (0.4-1.6) 0.467 

VPA 0.7 (0.45-1.1) 0.467 

Table 5d: Cox regression analysis with relapse after initial response (i.e.,  ≥50% reduction in seizure 
frequency) (a) and stiripentol discontinuation or addition of another antiseizure medication (b) as outcome 
variables.  
Legend: ASMs= antiseizure medications; CLB=clobazam; DS=Dravet syndrome; VPA= sodium valproate.
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Fig. 5a Kaplan-Meier survival estimates of the relapse-free survival over time, stratified by age, epilepsy type 
and etiology  
 



 
 

45 

 
Fig. 5b Kaplan-Meier survival estimates of the probability of continuing      STP over time, stratified by 
age, epilepsy type and etiologies 
 
  

4.3 Fenfluramine  (FFA) Hydrochloride study 

Fifty-two patients (29 males) with a median age of 8.6 years (IQR 4.1-13.9, range 2.1-28.6), 
all carrying SCN1A genetic variants, were enrolled (Table 6a). The median follow-up was 9.0 
months (IQR 3.6-9.5, range 3.0-14.9). Mean patient weight was 35.0 kg (range ± SD, 11.0-97.0 ± 
21.5). Mean dose of FFA was 0.46 mg/kg/day (range 0.2-0.7, ± 0.16). Patients were previously 
treated with a median of 3 ASMs (IQR 2-3). At the beginning of FFA administration, patients were 
on a median of 3 ASMs (IQR 2-3); the most commonly used drugs were valproate (n = 47), 
clobazam (n = 42), stiripentol (n = 31), topiramate (n = 5), and clonazepam (n = 5). Three patients 
had previously been treated with an artisanal formulation of Cannabidiol. Valproic acid blood 
levels, measured before starting FFA and at last follow-up did not differ significantly (77.4 μg/ml 
vs 71.1 μg/ml, p=0.2). 
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Data on seizure frequency were available for 45 patients (86.5%). The remaining 7 patients were 
excluded from the analysis of efficacy since data collection was incomplete (Table 6b). Monthly 
median convulsive seizures frequency was 6.0 (IQR 4-14.0) at baseline and 1.9 (IQR 0.5-4.5) at 
last follow-up (Figure 6a and 6b), with a median 77.4% (IQR 43.6-94.4) median percentage 
reduction in convulsive seizures frequency. Thirty-two out of 45 patients (71.1%) experienced a ≥ 
50% reduction in convulsive seizures frequency with a mean FFA dose of 0.41 mg/kg/day (range 
± SD, 0.20-0.80 ± 0.14). Twenty-four patients (53.3%) achieved ≥75% reduction and 5 patients 
(11.1%) became seizure free (Figure 6b). Five (11.1%) patients remained seizure-free for at least 6 
months and another 4 (8.9%) experienced no more than a single convulsive seizure in the same time 
interval. Considering three months of follow-up, we found a median percentage reduction of 
convulsive seizures of 73.3 (IQR 44.5-93.3) and a reduction in convulsive seizures ≥ 50% in 68.9% 
of patients (Table 6b). Monthly median percentage reduction in convulsive seizures in patients with 
clearly observable focal seizures with motor signs or hemiclonic seizures was 87.1 % compared to 
74.5 % in those with GTCS, with no statistically significant difference (p= 0.375, see also Table 
6b). 
Considering the age at the time of the study, we could not find a significant difference in the 
monthly median percentage reduction of convulsive seizures (p= 0.08) between patients younger 
than 6 years and those above that age. We only identified a trend suggesting greater efficacy in 
younger patients (84.3% vs 70.1%) (Table 6b). Moreover, we analyzed the effects of the co-
administration of STP on efficacy: patients with STP had a monthly median percentage reduction 
of convulsive seizures of 72.7% versus 90.6% in patients without STP, while the response rate was 
respectively 65.6% and 81.2%, approaching statistical significance (p= 0.085). Seven patients 
(15.6%) had not achieved a significant reduction in seizures frequency and 5 of them (71.4%, or 
the 11.1% of total number) experienced a median percentage worsening of convulsive seizures of 
44.8 (IQR 12.0-86.6). FFA determined a reduction in the frequency of nocturnal seizures in 56.0% 
of patients (14 out of 25 presenting this type of seizure) and a reduction in the frequency of self-
induced seizures in 60.0% of patients (3 out of 5). 
Titration varied from 7 to 21 days, average 13.4 days. There were no differences in titration duration 
between different investigators. In patients with loss of appetite the mean titration period was 13 
days, while in the remaining patients was 13.11 days. We could not find differences in efficacy 
either. FFA treatment allowed a simplification of baseline treatment in 24 patients (46.1%) with 
tapering of other ASMs: in 6 out of 31 patients (19.3%) with concomitant STP, the overall dose of 
the latter was reduced, moreover in 6 patients (11.5%) one of the concomitant ASMs was 
discontinued. More specifically, in 7 patients ASMs were stopped or lowered after two consecutive 
months of seizures freedom; two of them experienced seizure recurrence. In 4 additional patients a 
simplification of concomitant ASMs was performed following 25% to 75% reduction of seizures 
frequency. In 3 remaining patients who did not benefit from FFA addition, reduction of co-
administered drugs, carried out in order to decrease the drug load, did not influence seizure 
frequency (Table 6c). Looking at correlations between clinical/demographic features and outcome 
(responders vs non-responders) we could not find a statistically significant difference. A higher 
number of baseline concomitant and previous AEDs correlated with non-responders (respectively 
p=0.04 and p=0.02). Correlation between genetic variant subgroups and response to FFA failed to 
uncover any association (p=0.2).  
The CGI scale, administered to 49 patients/parents at last follow-up, provided the following scores: 
behavior improved in 21 patients (42.8%, p=0.32), autonomy in 20 (40.2%, p=0.12), 
communication in 28 (57.1%, p=0.003), and motor skills in 21 (42.8%, p=0.02).  
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Data on safety were available for all patients. The most common AE was decreased appetite (n=7, 
13.4%) (Table. 6d). This AE was apparent at a mean FFA dose of 0.43 mg/Kg/day; it was mild in 
most patients (n=6) and led to dose reduction in three. Three out of seven patients who reported 
decreased appetite experienced a clinically irrelevant loss of weight, in none of them resulting in 
FFA discontinuation. One patient subsequently withdrew topiramate, recovering a normal appetite. 
Other AE were observed in 6 patients (11.5 %). One patient had interstitial pneumonia (SAE), 
which required hospitalization. One patient manifested temporary periungual cyanosis (mild AE). 
During FFA administration one patient experienced myoclonic seizures, which had never been 
observed before (AE moderate); one patient manifested an increase of seizure frequency, and one 
had refractory SE (SAE with hospitalization): in the latter two patients FFA was withdrawn. In two 
patients was observed a worsening of febrile seizure: one had a prolonged febrile seizure (SAE with 
hospitalization), another experienced recurrent febrile seizures not responding to endorectal 
diazepam. None of the patients experienced clinical or echocardiographic signs of cardiac 
valvulopathy or pulmonary hypertension. 
 

 N (%) or Mean (ranges ± SD) or Median 
(Q1, Q3)   

Patients 52 

Sex 

Male 

Female 

 

29 (54.7) 

24 (45.3) 

Age at enrolment (years) 

Children (< 18 years) 

Adults 

8.6 (4.1-13.9, range 2.1-28.6) 

46 (88.5) 

6 (11.5) 

Weight (kg) 35.3 (11.0-97.2 ± 21.5) 

Previous AEDs 2 (1-3) 

Current AEDs, n. of patients (%), dose (mg/kg/day) 

VPA 

CLB 

STP 

TPM 

CZP 

LEV  

PB 

ETS 

ZNS 

KD 

 

47 (90.4), 20.7 (8.8-40 ± 7.7) 

42 (80.7), 0.4 (0.14-1.0 ± 0.2) 

31 (59.6), 30.0 (13.5-52.3 ± 10.5) 

5 (9.6), 4.7 (1.4-8 ± 1.9) 

5 (9.6), 0.07 (0.02-0.1 ± 0.05) 

3 (5.8), 35.5 (31.2-45.4 ± 5.8) 

3 (5.8), 2.0 (1.6-2.5 ± 0.4) 

2 (3.8), 27.6 (20.0-35.3 ± 7.6) 

1 (1.9), 3.5  

2 (3.8) 

VPA blood levels (μg/ml) 

at enrollment 

 

77.4 (35.0-125.0 ± 18.0) 
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at last follow-up 71.1 (45.0-105.0 ± 13.2) 

FFA dose (mg/kg/day) 0.46 (0.2-0.7 ± 0.16) 

Follow-up (months) 9.0 (3.6-9.5, range 3.0-14.9) 

Convulsive seizures 

GTCS 

Focal (with observable motor signs) 

Hemiclonic  

 

35 (67.3) 

11 (21.1) 

9 (17.3) 

Other type of seizures 

Focal (without clearly observable motor signs) 

Atypical absence 

Myoclonic 

 

8 (15.4) 

9 (17.3) 

5 (9.6) 

Baseline convulsive seizures frequency 

Mean 

Median 

 

15.5 (1-100 ± 20.7) 

6 (4.0-14.0) 

Titration period (days) 13.4 (7.0-21.0 ± 3.1) 

FFA withdraws  

Inefficacy 

Increased seizures frequency 

Refractory SE 

 

1 (1.9) 

2 (3.8) 

1 (1.9) 

Table 6a: Baseline patient demographics and characteristics  

Legend: N, number; SD, standard deviation; Q1, first quartile; Q3, third quartile; AEDs, antiseizure 
medications; VPA, valproic acid; CLB, clobazam, STP, stiripentol; TPM, topiramate; CZP, clonazepam; 
LEV, levetiracetam; PB, phenobarbital; ETS, ethosuximide; ZNS, zonisamide; KD, ketogenic diet; FFA, 
fenfluramine; GTCS, generalized tonic-clonic seizures; SE, status epilepticus. 
 
 

 
N (%) or Mean (ranges ± SD) or 
Median (Q1, Q3)   

Last follow-up convulsive seizures frequency 

Mean 

Median 

 

3.9 (0.0-4.8 ± 17.6) 

1.9 (IQR 0.5-4.5)  

Percentage reduction in CS frequency from baseline  

Mean 

Median 

 

57.1 (54.4) 

77.4 (53.6-93.6) 

0 - < 25 reduction in CS frequency  8 (17.8) 

≥ 25% reduction in CS frequency  37 (82.2) 
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≥ 50% reduction in CS frequency  34 (75.6) 

≥ 75% reduction in CS frequency  25 (55.6) 

100% reduction in CS frequency  5 (11.1) 

Seizure-free for 6 months  5 (11.1) 

One seizure in 6 months  4 (8.9) 

Three months follow-up convulsive seizures frequency 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

 

73.4 (44.5-93.3) 

31/45 (68.9) 

Patients with GTCS 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

32 (71.1) 

74.5 (42.3-93.8) 

22/32 (68.7) 

Patients without GTCS* 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

13 (28.9) 

87.1 (61.6-98.1) 

11/13 (84.6)  

Patients younger than 6 years 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

17/45 (37.8) 

84.3 (68.9-98.1) 

14/17 (82.3) 

Patients older than 6 years 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

28/45 (62.2) 

70.1 (41.6-89.4) 

18/28 (64.3) 

Patients with STP 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

29 (64.6) 

72.7 (32.9-87.1) 

19/29 (65.5) 

Patients without STP 

Percentage reduction in CS frequency from baseline 

≥ 50% reduction in CS frequency 

16 (35.5) 

90.6 (62.3-98.3) 

13/16 (81.2) 

Patients with an improvement of nocturnal seizures frequency (on 
total of patients presenting nocturnal seizures)  

Patients with an improvement of self-induces seizures frequency 
(on total of patients presenting self-induces seizures)  

Table 6b: Efficacy data (N= 45)  
Legend: N, number; SD, standard deviation; Q1, first quartile; Q3, third quartile; CS, convulsive seizures; 
GTCS, generalized tonic-clonic seizures. * patients with focal (with observable motor signs) and hemiclonic 
seizures 
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 N (%) 

Patients with STP 31 (59.6) 

STP reduction 6 (11.5) 

STP discontinuation 1 (1.9) 

Other AEDs reduction 8 (15.4) 

Other AEDs discontinuation 6 (11.5) 

Table 6c: Most common concomitant AEDs dose adjustments (N= 52) 
Legend: N, number; STP, stiripentol; AEDs, antiseizure medications.  
 

Decreased appetite 
     Outcome 

  Resolved 
  Not resolved/ongoing 

    Severity  
  Mild 
  Moderate 

Decrease weight 

7 (13.2) 
 
2/7 (28.6) 
5/7 (71.4) 
 
6/7 (85.7) 
1/7 (14.3) 
3/7 (42.8) 

Action taken with FFA 
Reduction FFA 
None 

 
3/7 (42.8) 
4/7 (57.2) 

Other AEs 6/52 (11.3) (see text) 

SAE 
Hospitalization 

4/52 (7.5) 
2/52 (3.7) 

FFA total daily dose (mg/kg/day) 0.48 (0.3-0.8 ± 0.14) 

Normal Echocardiogram 52/52 (100) 

Table 6d:  Safety data: adverse events reported (N= 52) 
Legend: N, number; FFA, fenfluramine; AEs, adverse events; SAE, serious AD.  
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Figure 6a: Cumulative response curve for percent reduction in convulsive seizure frequency from baseline: 
results are plotted for combined titration and maintenance periods. Vertical dashed lines represent 25%, 50%, 
and 75% reduction in convulsive seizure frequencies; percentages correspond to the proportion of patients 
who met or exceeded each response level. 
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Figure 6b: Change in the frequency of convulsive seizures per 28 days from baseline to the last follow-up visit (titration plus maintenance period: the graph shows the 
mean and median absolute percentage reduction in monthly frequency of convulsive seizures during the titration (T) and maintenance (M) period, compared with the 
baseline observation period (B). The figure shows, in parallel, the number of patients in follow-up
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4.4 Levetiracetam (LEV) study 

From January 2007 to September 2020, we observed 88 patients, 66 females (75.0%) and 
22 males (25.0%) who were initiated on LEV as monotherapy or add-on therapy for Idiopathic 
Generalized Epilepsy in other centers. Demographic and clinical data are summarized in Table 7a. 
Age at seizures onset ranged from 0.5 to 20.7 years, median 12 years. When LEV started, patients 
had from 3.4 to 33.8 years of age, median 13.8 years. Median duration of epilepsy before starting 
LEV was 5 months, ranged from 0 months (when LEV was used as first drug) to 22.1 years 
(corresponding to 265.6 months). Twenty-four/88 patients (27.3%) received LEV as therapy for 
Juvenile Myoclonic Epilepsy (JME), 19/88 (21.6%) for Juvenile Absence Epilepsy (JAE), 17/88 
(19.3%) Childhood Absence Epilepsy (CAE), 12/88 (13.6%) Epilepsy with Generalized Tonic-
Clonic Seizures only (IGE-TCS or GTCS-O), 12/88 (13.6%) Generalized Idiopathic Epilepsy not 
well characterized (IGE-nas), 3/88 (3.4%) Eyelid Myoclonia with Absence seizures (EMAE), 1/88 
(1.2%) GEFS+ (Figure 7a). 

 

 
Figure 7a: epilepsy syndrome diagnosis distribution 

 
Sixty-six/88 patients (77.3%) showed Generalized Tonic-Clonic seizures (GTCS), 34/88 (38.6%) 
Absence seizures (AS) e 22/88 (25%) Myoclonic seizures (MyS) (Figure 7b). 
 

 
Figure 7b: Type of seizures distribution 
 

The etiology of epilepsy was unknown in 84/88 (95.4%) patients, according to the evidence that 
the basis of IGEs remains largely elusive despite the strong heritability and the recent advances in 
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genetic technology. Median follow-up length      since LEV initiation to last evaluation was 7.3 
months (range 0.5-100.6 months). Data about pharmacological history were not available for 14 
patients; 40/74 (53.4%) patients (33/40, 82.5%, females) received LEV as first drug, 34/74 (46.6%) 
(24/34, 70.6%, females) as at least second ASMs. Data about concomitant medication were 
available in 86/88 patients: 30 patients (35%) were on more than 2 ASMs, 56 (65%) were on LEV 
monotherapy. 
Thirty-five patients (39.8%) were responders, 53 (60.2%) non responders. Twenty-six of the 35 
responders were seizure-free (91%, 29.5% of the whole study population). 11.8% (11/88) of 
patients showed a new seizure      type during LEV treatment: 9/11 (9.7% of the whole study 
population) absence seizures and 2/11 (2.15% of the whole study population) generalized tonic-
clonic seizures. By analyzing the variable “age”, LEV showed a better efficacy in older patients 
with a responders-rate about 25% (13/44) in patients under the age of 13.8 years (median age of the 
whole study population) versus 54.5% (21/43) in patient aged over 13.8 years (p = 0.005). Regard 
to the variable “age of seizures onset”, defined as < or ≥ 12 years of age, the responders-rate was 
higher in patient with a late onset [48.8% (21/43)] than those with a early onset seizures [29.5% 
(13/44)]: this difference was not statistically significant. All patients with a defined genetic etiology 
were non responders (4/88, 100%) (p = 0.096). No statistically significant differences in responders-
rate were observed with      respect to type of epilepsy syndrome and type of seizures but patients 
with absence seizures, belonging to      CAE and JAE, showed a lower responder-rate than patients 
with generalized tonic-clonic seizures, belonging to the IGE-TCS syndromes [23.5% (4/17) - 21% 
(4/19) versus 66.7% (8/12)]. Moreover, no statistically significant differences in responders-rate 
were observed with reference to “gender”, “epilepsy duration”, “number and type of ASMs used in 
add-on” and “number of ASMs previously used” (Table 7a). 
  

Variables Responders 

N (%) 

Non Responders 

N (%) 

Total 

N (%) 

p 

Age (years) 
Median 

(range) 

 

15.0 

(5.5 - 33.4) 

 

12.7 

(3.7- 33.8) 

 

13.8 

(3.7 – 33.8) 

0.005 

Sex 
Female 

Male 

27 (40.9) 

8 (36.4) 

39 (59.1) 

14 (63.6) 

66 (75.0) 

22 (25.0) 
0.706 

Age at seizures onset 
(years) 

Median 

(range) 

13.3 

(3.6 – 20.8) 

11.4 

(0.5 – 18.2) 

12.0 

(0.5 – 20.8) 
0.104 

Epilepsy duration 
(months) 

Median 

(range) 

5.4 

(0.0 – 196.2) 

5.0 

(0.0 – 265.6) 

5.0 

(0.0 – 265.6) 
0.894 

Type of seizures 

Tonic-clonic 

Absence 

Myoclonic 

30 (85.7%) 

9 (25.7%) 

11 (31.4%) 

38 (71.7%) 

25 (47.2%) 

11 (20.7%) 

68 (77.3%) 

34 (38.6%) 

22 (25.0%) 

0.125 

0.043 

0.258 



 
 

55 

Type of epilepsy 
syndromes 

JME 

JAE 

CAE 

IGE-nas 

EMAE 

GEFS+ 

12 (22.6%) 

4 (11.4%) 

4 (11.4%) 

6 (11.3%) 

1 (2.9%) 

0 (0.0%) 

12 (34.4%) 

15 (28.3%) 

13 (24.5%) 

6 (17.2%) 

2 (3.8%) 

1 (1.9%) 

24 (27.3%) 

19 (21.6%) 

17 (19.3%) 

12 (13.6%) 

3 (3.4%) 

1 (1.1%) 

0.103 

Number of ASMs 
previously used 

< 1 ASM 

≥ 1 ASMs 

Tot 

15 (51.7%) 

14 (48.3%) 

 

24 (54.5%) 

20 (45.5%) 

 

39 (53.4%) 

34 (46.6%) 

73 (100.0%) 

0.813 

Number of ASMs in 
add-on 

< 1 ASM 

≥ 1 ASMs 

Tot 

26 (74.3%) 

9 (25.7%) 

 

30 (58.8%) 

21 (41.2%) 

 

56 (65.1%) 

30 (34.9%) 

86 (100.0%) 

0.218 

Type of ASMs in 
add-on 

VPA 

LTG 

ETS 

CLB 

TPM 

CZP 

8 (22.9%) 

2 (5.7%) 

1 (2.9%) 

1 (2.9%) 

0 (0.0%) 

0 (0.0%) 

10 (18.9%) 

7 (13.2%) 

4 (7.55%) 

3 (5.7%) 

2 (3.8%) 

1 (1.9%) 

18 (20.45%) 

9 (10.2%) 

5 (5.7%) 

4 (4.55%) 

2 (2.3%) 

1 (1.1%) 

0.650 

0.256 

0.352 

0.537 

0.245 

0.414 

Table 7a:  Patients demographics and characteristics  
 
Legend: JME = Juvenile Myoclonic Epilepsy, JAE = Juvenile Absence Epilepsy, CAE = Childhood Absence 
Epilepsy, IGE-nas = Idiopathic Generalized Epilepsy not well-characterized, EMAE =Eyelied myoclonia 
with Absence; GEFS+ = Genetic Epilepsy with Febrile Seizures plus. 
 

In the 35 responders, the relapse free survival was 83% at 6 months, 69% at 12 months, 
60% at 24 months, a 55% at 36 months, a 48% at 48 and 60 months and 32% at 72 and 84 months 
(Table 7c Figure 7a). The median time to relapse for the whole responders population was 42 
months.      Concerning      the type of seizures, the relapse free survival in patients with generalized 
tonic-clonic seizures was 64% at 12 months, 54% at 24 months, 48% at 36 months, 40% at 60 
months and 26% up to 84 months of follow-up (p:0.85); in patients with absence seizures was 
87.5% at 24 months, 58% up to 60 months of follow-up (p: 0.31); in patients with myoclonic 
seizures was 67% at 12 months, 53% at 24 and 36 months and 40% up to 84 months of follow-up 
(p:0.87) (Table 7c).      When analyzing the variable type of epilepsy syndrome, the relapse free 
survival in patients with CAE was 66.7% at 12 months and then unchanged up to the entire follow-
up; in patients with IGE-TCS was 50% at 12 months and then unchanged up to 60 months; in 
patients with JAE was 75% at 12 months and 37.5% at 24 months; in patients JME was 60% at 12 
months, 48% at 24 and 36 months and 36% up to 84 months of follow-up (p:0.47) (Table 7c, Figure 
7b). The median time to relapse for responders with a generalized tonic-clonic seizures and 
myoclonic seizures was 24 months and 21 months, respectively (Table 7c). No statistically 
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significant differences in time to relapse were observed for epilepsy duration (Figure 7c), age and 
number of ASMs previously used (Figure 7d) and age at the start of LEV (Table 7e). 

 
 

 
Variables 

 

 

 

Responders (N) Totale (N) Rate (%) 

 

Sex 

 

Female 

Male 

27 

8 

66 

22 

40.9 

36.7 

Type of seizures 

Tonic-clonic 

Absence 

Myoclonic 

30 

9 

11 

68 

34 

22 

44.1 

26.5 

50.0 

 

Type of epilepsy syndrome 

 

JME 

JAE 

CAE 

IGE-TCS 

EGI-nas 

EMAE 

GEFS+ 

12 

4 

4 

8 

6 

1 

0 

24 

19 

17 

12 

12 

3 

1 

50.0 

21.0 

23.5 

66.7 

50.0 

33.3 

0.0 

ASMs previously used 
< 1 ASM 

≥ 1 ASMs 

15 

14 

39 

34 

38.5 

41.2 

 

Number of ASMs 

 in add-on 

 

< 1 ASM 

≥ 1 ASM 

26 

9 

56 

30 

46.4 

30.0 
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Type of ASMs in add-on 

VPA 

LTG 

ETS 

CLB 

TPM 

CZP 

PB 

8 

2 

1 

1 

0 

0 

0 

18 

9 

5 

4 

2 

1 

1 

44.4 

22.2 

20.0 

25.0 

0.0 

0.0 

0.0 

Table 7b: Responder-rate 
 
Legend: JME = Juvenile Myoclonic Epilepsy, JAE = Juvenile Absence Epilepsy, CAE = Childhood Absence 
Epilepsy, IGE-TCS= IGE with generalized tonic clonic seizures only, IGE-nas = Idiopathic Generalized 
Epilepsy not well-characterized, EMAE =Eyeli     d myoclonia with Absence; GEFS+ = Genetic Epilepsy 
with Febrile Seizures plus. 

 

 

Figure 7a: Kaplan-Meier survival estimates for probability to remain responders 
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  % Responders (CI 95%)  

  6  months 12 months 24 months 36 months 48 months 60 months 72 months 84 months p 

Whole population  83.4 

(64.7-92.8) 

68.9 

(48.6-82.5) 

60.5 

(39.8-76.1) 

55.0 

(33.7-72.0) 

48.2 

(26.2-67.2) 

48.2 

(26.2-67.2) 

32.1 

(7.9-60.2) 

32.1 

(7.9-60.2) 

 

Epilepsy duration 0-12 months 88.9 

(62.4-97.1) 

63.5 

(35.9-81.7) 

50.0 

(24.1-71.3) 

40.0 

(15.1-64.1) 

40.0 

(15.1-64.1) 

40.0 

(15.1-64.1) 

26.7 

(5.5-54.8) 

26.7 

(5.5-54.8) 

 

 

0.400 > 12 months 73.3 

(37.9-90.6) 

73.3 

(37.9-90.6) 

73.3 

(37.9-90.6) 

73.3 

(37.9-90.6) 

55.0 

(16.1-82.2) 

55.0 

(16.1-82.2) 

* * 

 
Age 

0-14 years 91.7 

(53.9-98.9) 

73.3 

(37.9-90.6) 

73.3 

(37.9-90.6) 

58.7 

(21.6-83.1) 

44.0 

(11.4-73.3) 

44.0 

(11.4-73.3) 

44.0 

(11.4-73.3) 

44.0 

(11.4-73.3) 

 
0.637 

> 14 years 77.7 

(50.8-91.1) 

65.8 

(38.9-83.0) 

51.2 

(24.9-72.4) 

51.2 

(24.9-72.4) 

51.2 

(24.9-72.4) 

51.2 

(24.9-72.4) 

25.6 

(1.8-62.9) 

*  

 

 

Type of seizures 

Tonic-clonic 80.9 

(60.0-91.6) 

63.9 

(41.8-79.4) 

53.6 

(31.5-71.4) 

47.6 

(25.7-66.7) 

39.7 
 

(17.9-60.9) 

39.7 
 

(17.9-60.9) 

26.5 
(6.1-53.1) 

26.5 
(6.1-53.1) 

 
0.085 

 
 

Absence 87.5 

(38.7-98.1) 

87.5 

(38.7-98.1) 

87.5 

(38.7-98.1) 

58.3 
 

(7.6-89.3) 

58.3 

(7.6-89.3) 

58.3 

(7.6-89.3) 

* *  
0.315 

Myoclonic 66.7 
 

(28.2-87.8) 

66.7 
 

(28.2-87.8) 

53.3 
 

(17.7-79.6) 

53.3 
 

(17.7-79.6) 

40.0 

(9.8-69.6) 

40.0 

(9.8-69.6) 

40.0 

(9.8-69.6) 

40.0 

(9.8-69.6) 

 

0.872 
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Epilepsy syndrome 

JME 60.0 

(25.3-82.7) 

60.0 

(25.3-82.7) 

48.0 
 

(16.0-74.5) 

48.0 

(16.0-74.5) 

36.0 

(9.0-64.8) 

36.0 

(9.0-64.8) 

36.0 

(9.0-64.8) 

36.0 

(9.0-64.8) 

 

 

 

 

0.467 

JAE 75.0 

(12.8-96.0) 

75.0 

(12.8-96.0) 

37.5 
(1.1-80.8) 

* * * * * 

CAE * 66.7 

(54.1-94.5) 

66.7 

(54.1-94.5) 

66.7 

(54.1-94.5) 

66.7 

(54.1-94.5) 

66.7 

(54.1-94.5) 

* * 

GTCS-only * 50.0 

(11.0-80.4) 

50.0 

(11.0-80.4) 

50.0 

(11.0-80.4) 

50.0 

(11.0-80.4) 

50.0 

(11.0-80.4) 

* * 

 

Number of previously 
ASMs 

< 1 86.7 

(56.4-96.5) 

72.2 

(41.7-88.6) 

65.0 
 

(35.1-83.7) 

65.0 

(35.1-83.7) 

54.2 

(23.7-77.0) 

54.2 

(23.7-77.0) 

36.1 

(7.4-67.1) 

36.1 

(7.4-67.1) 

 

0.624 

≥ 1 80.4 

(50.6-93.2) 

65.7 

(36.0-84.2) 

56.3 

(26.6-78.2) 

45.0 

(16.5-70.3) 

45.0 

(16.5-70.3) 

45.0 

(16.5-70.3) 

* * 

Table 7c Kaplan-Meier survival estimates of probability of remaining responders over time 
 
Legend: JME = Juvenile Myoclonic Epilepsy, JAE = Juvenile Absence Epilepsy, CAE = Childhood Absence Epilepsy, IGE-nas = Idiopathic Generalized Epilepsy not 
well-characterized, EMAE =Eyelied myoclonia with Absence; GEFS+ = Genetic Epilepsy with Febrile Seizures plus. 
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Figure 7b: Kaplan-Meier survival estimates for probability to remain responders by epilepsy syndrome 
 
 

 
Figure 7c: Kaplan-Meier survival estimates for probability to remain responders by epilepsy duration 
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Figura 7d: Kaplan-Meier survival estimates for probability to remain responders by number of ASMs 
previously used 
 

  

 
Figure 7e: Kaplan-Meier survival estimates for probability to remain responders by age at the start of LEV 
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For all 88 patients, the probability of remaining on LEV without additional therapy was 60.1% at 6 
months, 38.5% at 12 months, 30.0% at 24 months, 21.0% at 36 months, 12.8% at 48 months, 8.6% 
at 60, 72 and 84 months and 5.7% at 90 months of follow-up (Table 7e) The median retention time 
for the whole population was 10 months (Figure 7f). The median retention time for patients with a 
CAE, JAE, IGE-TCS and JME was 5 months, 10 months, 12 months, and 25 months, respectively 
(p = 0.43): a clinical attitude to keep longer unchanged LEV doses in Juvenile Myoclonic Epilepsy 
was noted (Figure 7g). 
When analyzing the variable age, a statistically significant difference was noted comparing patients 
between      0 and 14 years with those older than 14 years of age (Figure 7h). The median retention 
time, indeed, was about 6 months in the first group of patients and 12 months in the second (p = 
0.01). No statistically significant difference in retention time were observed with respect to types 
of seizures (Figure 7i), number of ASMs previously used (Figure 7l) and duration of epilepsy.



 
 

63 

 

 % Responders (CI 95%) 

  6 months 12 months 24 months 36 months 48 months 60 months 72 months 84 months 90 months p 

Whole 
population  

60.1 
(48.9-69.7) 

38.5 
(27.9-48.9) 

30.0 
(20.2-40.4) 

21.0 
(12.5-31.0) 

12.8 
(6.2-22.1) 

8.6 
(3.1-17.1) 

8.6 
(3.1-17.1) 

8.6 
(3.1-17.1) 

5.7 
 

(13.6-14.9) 
 

Epilepsy 
duration 

0-12 months 57.2 
(41.8-69.9) 

37.0 
(23.3-50.8) 

24.7 
(13.1-38.2) 

14.8 
(6.1-27.1) 

4.5 
(0.9-14.6) 

4.5 
(0.9-14.6) 

4.5 
(0.9-14.6) 

4.5 
(0.9-14.6) 

4.5 
(0.9-14.6) 

0.106 
> 12 months 

62.9 
(45.5-76.2) 

38.9 
(23.1-54.5) 

35.7 
(20.3-51.4) 

28.6 
(14.4-44.8) 

23.8 
(10.4-40.2) 

11.9 
(2.5-29.4) 

11.9 
(2.5-29.4) 

11.9 
(2.5-29.4) 

11.9 
(2.5-29.4) 

Age 
0-14 years 

52.2 
(37.0-65.4) 

28.3 
(16.2-41.6) 

21.7 
(11.2-34.5) 

13.0 
(5.3-24.4) 

6.5 
(1.7-16.1) 

4.3 
(0.8-13.0) 

4.3 
(0.8-13.0) 

4.3 
(0.8-13.0) * 

0.018 
> 14 years 70.1 

(53.2-81.8) 
52.1 

(34.8-66.8) 
41.1 

(24.3-57.2) 
32.9 

(17.0-49.7) 
23.0 

(9.0-40.8) 
15.4 

(3.6-34.9) 
15.4 

(3.6-34.9) 
15.4 

(3.6-34.9) 
15.4 

(3.6-34.9) 

Type of 
seizures 

Tonic-clonic 63.3 
(50.4-73.8) 

46.4 
(33.7-58.2) 

36.9 
(24.7-49.1) 

26.6 
(15.8-38.8) 

15.4 
(6.9-26.9) 

10.2 
(3.5-21.2) 

10.2 
(3.5-21.2) 

10.2 
(3.5-21.2) 

6.8 
(0.1-17.8) 

0.038 

Absence 
59.0 

(40.8-73.4) 
26.6 

(13.2-41.9) 
20.7 

(9.1-35.4) 
10.3 

(2.8-23.7) 
6.9 

(1.8-19.4) 
* * * * 0.084 

Myoclonic 
71.0 

(46.3-85.9) 
53.3 

(28.8-72.7) 
46.6 

(22.9-67.3) 
33.3 

(12.8-55.5) 
20.1 

(5.0-41.9) 
10.0 

(0.8-33.3) 
10.0 

(0.8-33.3) 
10.0 

(0.8-33.3) * 0.185 

 
Epilepsy 

syndrome 

JME 73.6 
(50.3-87.2) 

57.8 
(34.1-75.6) 

52.0 
(28.7-71.1) 

34.7 
(14.8-55.7) 

23.1 
(7.4-43.9) 

15.4 
(3.1-36.7) 

15.4 
(3.1-36.7) 

15.4 
(3.1-36.7) 

* 

0.043 

JAE 67.1 
(40.9-83.7) 

33.5 
(13.7-54.8) 

16.8 
(4.1-36.7) 

8.4 
(0.7-29.1) 

* * * * * 

CAE 
38.9 

(17.5-60.0) 
16.7 

(4.1-36.5) 
11.1 

(1.9-30.0) 
5.6 

(0.4-22.4) 
* * * * * 

GTCS-only 
64.2 

(30.2-84.8) 
53.5 

(21.2-77.6) 
35.6 

(6.9-67.1) 
35.6 

(6.9-67.1) * * * * * 

EMA 33.3 
(0.9-77.4) 

33.3 
(0.9-77.4) 

33.3 
(0.9-77.4) 

* * * * * * 
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EGI-nas 
58.7 

(27.4-80.4) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 
31.5 

(8.5-58.1) 

Number of 
ASMs 

previously 
used 

< 1 ASM 55.7 
(39.6-69.1) 

32.9 
(19.2-47.3) 

24.7 
(12.6-38.9) 

19.2 
(8.7-32.9) 

8.2 
(2.1-19.7) 

8.2 
(2.1-19.7) 

8.2 
(2.1-19.7) 

8.2 
(2.1-19.7) 

* 

0.234 

≥ 1 ASMs 
64.7  

(48.3-77.0) 
44.2  

(28.7-58.7) 
35.4  

(20.8-50.3) 
22.5 

 (10.4-37.4) 
19.3  

(8.2-33.9) 
9.6  

(2.0-24.6) 
9.6 

 (2.0-24.6) 
9.6  

(2.0-24.6) 
9.6  

(2.0-24.6) 

Table 7d: Kaplan-Meier survival estimates: probability of continuing levetiracetam with no change in treatment schedule 
 
Legend: JME = Juvenile Myoclonic Epilepsy, JAE = Juvenile Absence Epilepsy, CAE = Childhood Absence Epilepsy, IGE-nas = Idiopathic Generalized Epilepsy not 
well-characterized, EMAE =Eyelied myoclonia with Absence; GEFS+ = Genetic Epilepsy with Febrile Seizures.
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Figure 7f: Kaplan-Meier survival estimates the probability of continuing LEV without change in therapy 
regimen 
 
 
 

 
Figure 7g: Kaplan-Meier survival estimates the probability of continuing LEV without change in therapy 
regimen by type of epilepsy syndrome 
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Figure 7h: Kaplan-Meier survival estimates the probability of continuing LEV without change in therapy 
regimen by age of onset seizures 
 
    
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7i: Kaplan-Meier survival estimates the probability of continuing LEV without change in therapy 
regimen by presence/absence of GTCS 
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Figure 7l: Kaplan-Meier survival estimates the probability of continuing LEV without change in therapy 
regimen by number of ASMs previously used 
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Fifty-seven patients changed their therapy regimen by replacing LEV with another ASMs as VPA, 
ETS, CBZ, LTG, OXC, PB, CLB, CZP, LCM and TPM: the most widely ASMs added were VPA 
(27/57, 47%) and ETS (12/57, 21%). Overall, 42/57 patients (73.4%) that changed LEV remained 
responders at the last evaluation.    
About patients that replaced LEV with VPA or ETS, 23/27 (85.2%) or 9/12 (75%) were responders, 
respectively (p = 0.19): the retention rate of these patients was reported in Table 7e      but, especially 
for VPA, influenced by the shortness of our follow-up.  
Adverse events were reported in 18 patients (20.8%) and led to LEV discontinuation in 5 of them 
(27.8%). The most frequent AEs were neurological or psychiatric (17/18 patients, 94.4%) such as 
irritability, somnolence, behavior disorders, mood or anxiety disorders, sleep disorders, 
hallucination. 
 
 

 % Responders (CI 95%) 

 
6 

months 
12 

months 
24 

months 
36 

months 
48 

months 
60 

months 
72 

months 
84 

months 
90 

months 
102 
mesi 

VPA 

95.8 

(73.9-
99.4) 

79.3 

(53.3-
91.8) 

79.3 

(53.3-
91.8) 

55.5 
 

(21.8-
79.7) 

55.5 

(21.8-
79.7) 

* * * * * 

ETM * 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

78.7 

(38.1-
94.3) 

Table 7e: Kaplan-Meier survival estimates: probability of continuing levetiracetam with no 
change in treatment schedule. 
 
 

4.4.1 Levetiracetam: Literature Review 
  

A systematic search of Pubmed was conducted from January 2012 to February 2022, using 
as search terms “Levetiracetam”, “Seizure” and their combinations. The initial database search 
identified 1926 articles: animal or preclinical studies, meta-analyses, review articles, studies about 
health policy and studies that reported information not related to the role of Levetiracetam in 
epilepsy treatment were excluded (Figure 8a). After the exclusion, 948 studies remained. Among 
these studies, we evaluated those strictly related to the efficacy of Levetiracetam in epilepsy. Of the 
remaining 477 articles, we performed an assessment of the reliability according to the following 
two guidelines: American Accademy of Neurology Classification Evidence55a and Oxford Centre 
for Evidence-Based Medicine Levels of Evidence56a. The majority of these articles belonged to 
Class III/3 (19%) or Class IV/4-5 (71%) of evidence; 10% fulfilled the Class I-II/2 evidence criteria 
(Figure 8b and 8c).  The 978 excluded articles were however analyzed and divided by medical field 
(Figure 8d). 
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Figure 8a: exclusion criteria; number of articles in each catogory 
 
 

 
Figure 8b: distribution of included articles by Oxford Centre for Evidence-Based Medicine 
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Figure 8c: distribution of included articles by American Accademy of Neurology Classification 

Evidence 
 
 
 
 

 
Figure 8d: distribution of excluded articles by medical field 
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5 DISCUSSION 

 
5.1 Lacosamide (LCM) study 
 
This study assessed the long-term efficacy of adjunctive LCM therapy in a pediatric 

population. Almost 40% of the 88 patients treated with LCM were responders, and only one-third 
of them maintained the responder status at 72 months of follow-up. When considering the retention 
rate, only 8% of the 88 enrolled individuals maintained the initial treatment at 72 months. 
LCM efficacy in adults with refractory focal epilepsy has been assessed in 3 double-blind placebo-
controlled clinical trials56-58and 3 long-term, phase III, open-label extension trials59-61. Likewise 
observed in our study, in the 3 available randomized controlled trials56-58 (RCTs), responders rates 
were around 40% after a 12-week follow-up. Seizure-freedom rate, reported in only one RCT,58 was 
2.4 and 3.6% for 400 and 200 mg/d. In the 3 long-term extension studies59-61 efficacy was assessed 
within the “yearly completer cohort.” As expected, the responder rates increased over time because, 
according to this design, efficacy was assessed only in those individuals remaining on LCM for 1-
5 years, thus did not reflect the efficacy profile of LCM in the real world.  
Available literature on LCM efficacy in the pediatric population shows widely variable responder 
rates, of follow-up duration and the types of epilepsy62. With few exceptions63-64, most reported 
series included less than 50 individuals followed for <1 year. Ortiz de la Rosa J.S et al. (2018),,  
performed a systematic review about efficacy and tolerability of LCM in children and adolescents 
with drug-resistant epilepsy and refractory status epilepticus25: on average, 51% of patient had a 
50% or greater seizure reduction, the mean of seizures freedom rate was 24%; adverse events 
occurred in 18-59% of patients. These percentages were in line with those observed in our study. 
Two additional studies have assessed long-term LCM efficacy in pediatric and mixed populations 
using the retention rate as outcome measure26,62 Comparing our results with those of McGinnins 
and Kessler62, we found a similar probability of maintaining LCM without additional therapy at 12 
and 24 months. The long term efficacy we observed in our patients is slightly lower than that 
reported by Bottcher et al,26 after 1, 2, 3, and 4-year follow-up in a mixed population. We could not 
demonstrate a role of the number of ASMs used and of the co-administration of another sodium-
channel blocking ASM as predictable variables of relapse after seizure control and retention status.  
Our long-term follow-up study documents a progressive and conspicuous reduction of LCM 
efficacy over time.  
The small sample size and observational design without control are important limitations of this 
study.  Studies with larger populations and with a prospective design are required to further 
elucidate the tolerance profile of LCM.  

 
 
5.2 Stiripentol (STP) studies 
 

5.2.1 Stiripentol (STP) first study 

This study assesses the efficacy of add-on STP treatment in different types of refractory 
epilepsies in children, adolescents, and young adults. Previous data support the use of add-on STP 
in DS since the two only controlled trials conducted with this medication have specifically explored 
its efficacy in this syndrome. Based on the positive results demonstrated by both trials, regulatory 
approval was obtained. In line with licensed use, subsequent observational studies were therefore 
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almost entirely confined to DS. However, no pathophysiological evidence or comparative trial 
result is available to suggest that STP efficacy on DS is either specific or exclusive. For this reason, 
we explored whether preliminary evidence could be obtained via an open, off-label retrospective 
study of a large cohort to support future controlled trials using this medication on other severe 
epilepsy types.  
We observed that 50% of 132 individuals treated with STP were responders and 46.6% of them 
(23.3% of all sample) maintained the responder status over a follow-up ranging from 4 to 18.4 
years. However, the best efficacy profile was not confined to genetic etiologies such as DS but was 
also observed in refractory epilepsies with focal onset seizures without bilateral tonic-clonic 
seizures. Three long-term studies assessing STP efficacy in DS [Myers et al., 201866; Chiron et al., 
201828; Yldiz et al., 201967] showed a responder rate similar to that observed in our population.  
When considering retention rate, in our series 37.6% of the 132 enrolled patients remained in STP 
with no change in the treatment schedule at 48 months and up to the end of follow-up.  
In our population, the clinical tendency to maintain STP treatment was demonstrated by the 
univariate analysis and confirmed by the multivariate analysis. In the Cox model, the probability of 
discontinuing STP therapy was significantly higher in non-genetic as compared to genetic 
etiologies, such as DS, whereas this difference did not reach statistical significance in the 
multivariate relapse rate analysis. This clinical approach may be justified for a drug such as STP, 
which is considered the best add-on treatment in DS and, until recently, the only one with registered 
clinical indications for this syndrome. 
Two studies had previously explored the efficacy of STP in refractory focal epilepsy [Perez et al., 
199936; Chiron et al., 200634]. Perez et al.36 studied 12 patients and found a higher efficacy in patients 
with focal seizures compared to those with generalized or myoclonic seizures or spasms. No clear 
evidence of efficacy was reported by Chiron et al.34 in 32 children with focal refractory epilepsy 
treated with add-on STP in a randomized trial with a “responder enriched” design. In our 
population, 3 out of 5 individuals (60%) with focal onset seizures without bilateral tonic-clonic 
seizures remained responders at 72 months and until end of follow-up, while only 10.9% retained 
STP at the same time point (retention rate analysis). These results raise questions about how clinical 
knowledge regarding STP efficacy influences its use. The complexities of off-label use in Italy and 
poor literature evidence of STP efficacy in treating focal epilepsies68 may explain its early 
withdrawal despite its efficacy in these epilepsies, as observed by our retention analysis.  
This study confirms the long-term efficacy of add-on STP in DS, and documents its good efficacy 
in epilepsies w focal onset seizures without bilateral tonic-clonic seizures. Controlled studies are 
needed to confirm these results and possibly extend the clinical indications of STP beyond DS.  

  
5.2.2 Stiripentol (STP) second study 

Our cohort of 196 DS and non-DS patients with severe epilepsies treated with STP with 
long-term follow-up, the largest until now published, shows a responder rate of 53% and seizure 
freedom in 9%. 
The presented results are in line with the majority of previous studies published on STP use in DS 
27-29,31-34,36,66,67,71-73 and other epilepsy syndromes 27,36,69,74,75 (Table 8) Previous publications reported 
a wide range for responder rates, defined as > 50% seizure reduction, ranging from 23%33 to 84%36 
for all seizure types in DS. Responder rates for generalized tonic-clonic seizures vary from 8%33 to 
49% 66 in DS. The wide reported range of efficacy is likely due to the variability in study design, 
epilepsy syndrome, age span, and sample sizes, ranging from small retrospective cohorts of adult 
DS patients 33 to larger prospective controlled trials including various epilepsy syndromes and 
younger patients14. In this study, we included DS and other, less severe, epilepsy syndromes, and 
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found that both epilepsy type and etiology are associated with sustained response over time, 
especially in the first 48 months, with generalized (44%) and combined focal and generalized 
epilepsies (28%), showing a higher responder rate than focal (20%) epilepsies, and DS being the 
etiology with the highest responder rate (64%) among the other syndromes with genetic or unknown 
etiology (13-38%). There was no difference in median STP dosage between responders and non-
responders, providing no evidence for a dose-effect relationship. In this series, we did not find a 
significant difference in responder rate or in relapse-free survival between different seizure types, 
therefore we could not confirm our previous finding of a higher responder rate in focal epilepsy 
without bilateral tonic-clonic seizures27. However, we noted that the probability of remaining 
responders at 60 months was 73% in patients with focal-onset seizures with or without impaired 
awareness and 35% in those with focal to bilateral tonic-clonic seizures.  
We did not find different degrees of STP efficacy across the various age groups. However, we 
observed a significant difference in the relapse-free survival with the highest probability of 
remaining responders  when STP was initiated in the youngest age group (0-4 years) or in 
adulthood. Factors potentially explaining these differences include non-adherence in older children 
and adolescents and development of tolerance to long-term comedication with clobazam. 
Unfortunately, we could not measure the effect of either variable in this study. Data from a historical 
French monocentric cohort showed that the efficacy of STP can be maintained at very long-term, 
and the epilepsy outcome was less severe when its use was initiated before adolescence34. Epilepsy 
in DS is often rapidly severe from the onset, with prolonged fever-related seizures and episodes of 
status, therefore early initiation of STP might be more effective in reducing seizure severity and 
status epilepticus. On the other hand, the initiation of STP in adulthood was also associated with a 
sustained higher response over time than initiation in age 5-18 years. The long-term efficacy of STP 
when initiated in adulthood in any epilepsy syndromes is a novel finding, as previous evidence of 
later initiation was only reported in two small cohorts with DS33 and focal epilepsies69, with 
evidence of lower responder rates. The evidence for efficacy of STP when initiated in adulthood 
has important implications also for regulatory reasons as for example in the United Kingdom this 
drug does not have a marketing authorisation for initiation in DS patients >18 years of age. Hence 
at present for people with DS above this age, it may be only initiated off-label, outside the terms of 
its licence. 
The retention rate of STP was significantly associated with etiology and epilepsy type. The highest 
retention rate over time was observed in DS and in generalized and combined focal and generalized 
epilepsy types. The retention rate provides a real-life measure of the balance between tolerance and 
efficacy, and in our cohort seemed more informative than the relapse-free survival for which no 
significant predictive factors emerged. Whilst there are extensive data on efficacy and tolerability 
of STP in DS, there are much fewer data in other etiologies and other epilepsy types. We found a 
high retention rate for the first 12 months also in other genetic epilepsies (non-DS) which suggest 
that STP may be an effective and well-tolerated option in other rare genetic epileptic 
encephalopathies where epilepsy is usually very difficult to treat, and precision treatment options 
are still lagging. However, we could not identify any common clinical or genetic features among 
responders or non-responders in patients with genetic epilepsies other than DS; we found instead a 
wide range of mutations in different genes, a finding suggesting multiple pathophysiological 
mechanisms for epileptogenesis. 
The role of etiology in the prediction of drug response was confirmed in the multivariable Cox 
regression analysis suggesting a potential therapeutic effect targeted to the underlying etiological 
mechanisms. Although a definite mechanism of action for STP has yet to be elucidated, several 
possible mechanisms have been postulated, including increase of GABAergic inhibition76-77, 
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inhibition of LDH78, and blockage of sodium and calcium channels79. There is also contrasting 
evidence on whether STP could be effective also in monotherapy, without adjunctive clobazam80. 
In our cohort there was no significant difference between responders (51.9%) and non-responders 
(48.1%) in patients who had clobazam in add-on (92.4%), whilst we observed a higher prevalence 
of responders (63.3% vs 36.7%) in patients who had concomitant treatment with valproate (55.6%). 
No other comedications had significantly different prevalence between responders vs non-
responders but we cannot rely on lack of statistical significance to exclude the role of drug-to-drug 
interaction in the clinical effect of STP. We also found additional evidence of efficacy of STP in 
the treatment of patients with focal epilepsies,  a population for which no robust conclusive data on 
the use of this medication is available yet68. 
We observed a low prevalence of side effects in our cohort, with the most prevalent being 
neurological symptoms (13%), and gastroenterological manifestations (2.5%). Due to the 
retrospective design of this study, we could not conduct a systematic assessment of side effects, 
which are therefore likely to be underreported. Previous studies showed a wide range of prevalence 
of neurological adverse effects, with somnolence/drowsiness/lethargy being the most common (6 
to 79%), followed by appetite and weight loss (3 to 67%) 71,72. Tolerability often improved after 
reducing the dose of STP or other co-medications34.  
Due to the retrospective nature of the study, serum concentrations of STP and concomitant ASMs 
were not systematically available for all patients and during all follow-up visits. STP exerts an 
inhibitory effect on hepatic cytochrome P450 (CYP) therefore raising the serum concentrations of 
other ASMs including clobazam. This factor may well contribute to the response observed in our 
series, but its impact could not be measured in our study. 
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Study Design Year of 

recruitment 
Country Number 

of 
patients 

Age at STP 
introduction, 
years 
(range) 

Epilepsy syndrome, n (%) 
 

Efficacy Adverse events, % 

DS Foc Gen Comb Unc 

Habermehl 
et al. 
Seizures 
2021 

Observational 
retrospective 

2007-2020 Germany 22 Mean 34 (na) - 22 - - - RR all szs=31% 
(6m), 36%(12m) 

Hyperammonaemia, 
18% 
Increased sz frequency, 
9% 
Encephalopathy, 5% 

Yamada et 
al. 
Epilepsy 
Res. 2021 

Interim 
analysis of  
post-
marketing 
surveillance 
study 

2012-2019 Japan 411 na (0.5-50) 411 - - - - RR GTCs= 43%  
RR foc impaired 
awareness szs= 
55%  
RR generalised 
myoclonic/atypical 
absence szs=62% 

Somnolence, 39% 
Loss of appetite, 25% 

Rosati et 
al.  
Epilepsia 
2019 

Observational 
prospective 

2007-2018 Italy 132 Median 8 
(0.4-43) 

30 40 51 41 - RR all szs/all 
syndromes=50% 
RR all 
szs/DS=64% 
RR all 
szs/focal=27% 
RR all 
szs/gen=41% 
RR all 
szs/comb=32% 

Neurological, 12% 
Gastrointestinal, 4% 

Yildiz et 
al.  
J Child 
Neurol. 
2019 

Observational 
retrospective 

2016-2017 Turkey 21 Mean 8 (5-
15) 

21 - - - - RR all szs=57% Sedation, 68% 
Ataxia, 62% 
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Chiron et 
al.  
Epilepsia 
2018 

Observational 
retrospective 

1992-na France 40 Median 6 
(0.8-21) 

40 - - - - In adulthood, 
efficacy 
maintained in 
adulthood (up to 
24 yrs of 
exposure), sz 
frequency and 
duration 
decreased, and 
25% patients had 
sz free periods up 
to 5 yrs 

Loss of appetite 
affected 15 of 40 
patients but resolved 
after 
reducing the dose of 
stiripentol or valproate 
Loss of appetite, 37% 
(resolved after reducing 
STP or VPA dose) 

Cho et al. 
J Clin 
Neurol. 
2018 

Observational 
retrospective 

2007-2015 Korea 32 Mean 6 (1-
16) 

32 (15 
with 
SCN1A 
mutations; 
17 
without) 

- - - - Mean reduction of 
all sz frequency by 
72.53±23.00% in 
the mutation group 
vs 50.58±40.14% 
in the nonmutation 
group 

Sedation, 6% 
Loss of appetite, 3% 

Myers et 
al. 
Dev Med 
Child 
Neurol. 
2018 

Observational 
prospective 

2003-2015 Australia 
and 
United 
Kingdom 

41 Median 6 (1-
22) 

41 - - - - RR GTCs= 49% 
RR foc szs= 48% 
RR status =42% 

Anorexia/weight loss, 
49% 
Drowsiness/sedation, 
34% 
Behavioural changes, 
22% 
Neutropenia, 12% 
Abdominal pain, 10% 
Insomnia, 10% 

Balestrini 
& 
Sisodiya 
Acta 
Neurol 

Observational 
retrospective 

2001-2015 United 
Kingdom 

13 Mean 26 (12-
47) 

13 - - - - RR all szs=23%  
RR GTCs=8% 

Anorexia,31% 
Weight loss, 31% 
Unsteadiness, 23% 
Tiredness, 15% 
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Scand. 
2017 

Inoue et 
al. 
Epilepsy 
Res 2015 

Open-label 
prospective 

na Japan 24 Mean 7 (1-
24) 

24 - - - - RR all szs= 67% 
(12w), 54% (40w) 

Somnolence, 79% 
Loss of appetite, 67% 
Ataxia, 58% 
Elevated 
glutamyltransferase, 
38% 

Wirrell et 
al. 
Epilepsia 
2013 

Observational 
retrospective 

2005-2012 United 
States 

82 Mean 7 (na) 82 - - - - Sz reduction: 
STP: 33% 
STP +CLB: 80% 
STP+ VPA: 57% 
STP+CLB+VPA: 
62.5% 

Sedation/somnolence, 
18% 
Decreased appetite, 
8.5% 

Chiron et 
al. J Child 
Neurol. 
2006 

Placebo-
controlled 
trial 
(enrichment 
and 
withdrawal 
design) 

na France 67 Median 9 (2-
15) 

- 67 - - - Sz reduction 
higher on STP 
(75%) than on 
placebo (22%) (P 
<0.025). 
 
 
 

At least one adverse 
event on STP in 71% vs 
27% on placebo (none 
reported as severe) 
 

Guerrini et 
al. 
Epilepsia 
2002 

Randomised 
placebo-
controlled 
trial 

1999-2000 Italy 23 Mean 9 (4-
19) 

23 - - - - RR 67% on STP 
vs 9% on placebo 
(P=0.009) 

na 

Chiron et 
al. The 
Lancet 
2000 

Randomised 
placebo-
controlled 
trial 

1996-1998 France 41 Mean 9 (3-
21) 

41 - - - - RR 71% on STP 
vs 5% on placebo 
(P<0.0001) 
 
 

Moderate side-effects 
on STP in 100% vs 
25% on placebo 
Drowsiness, 71% 
Loss of appetite, 33% 
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Perez et 
al. 
Epilepsia 
1999 

Placebo-
controlled 
trial 

1992-1996 France 197 Mean 7 (0-
21) 

23 115 48 - 11 RR all szs=49% 
(3m) to 84% 
(mean 30m FU) 
 

Adverse events  in 
48%,  mainly 
drowsiness, anorexia  
and weight loss, both 
short- and long-term 

Farwell et 
al. 
Epilepsia 
1993 

Open add-on 
trial (phase 
II) 

na United 
States 

10 Mean 12 (6-
16) 

- - 10 - - Average decrease 
in atypical 
absences 70% 
(range 5-95%) 

Irritability, 60% 
Lethargy, 60% 
Incoordination, 40% 
Nausea, vomiting, 30% 
Increased sleep, 30% 
Hyperactivity, 
agitation, 30% 
Anorexia, 20% 
Stomach pain, 20% 
Emotional lability, 20% 

Table 8. Efficacy data from studies on stiripentol in drug-resistant epilepsies.  
 

 
 
 
 
 
 
 
 
 



 

 

5.3 Fenfluramine Hydrochloride (FFA)  study 

DS is characterized by a high seizure burden, associated with a series of neurological 
comorbidities such as prolonged seizures requiring emergency room admission82, developmental 
and motor delay and behavioral disturbances83. The severity and extreme resistance to medications 
results in an urgent need for developing new and more effective pharmacologic treatments. In this 
first, open label, real word use of FFA in DS, we documented that add-on FFA on treatment can 
provide a durable and clinically significant reduction in convulsive seizures frequency in the 
majority of patients: similar results from retrospective and prospective open-label studies in the 
Belgian DS cohort have been reported38-40.  
We found a median percentage reduction of convulsive seizures of 77.4 and a reduction in 
convulsive seizures ≥ 50% in 71.1% of patients. Considering study design differences, we found 
better results than reported in two prospective, double-blind, placebo-controlled trial37,84 published 
earlier: the possibility of adjusting and personalizing the dose might explain this difference.  One-
hundred-nineteen37 and 8741 DS patients were enrolled in two recently published RCTs. In the first 
trial (patients without stiripentol), with two arms of FFA 0.2 and 0.7 mg/kg/day, the percentages of 
≥ 50% responders were 38 % and 68%, respectively, versus only 5 % in the placebo group. In the 
0.7 mg/kg/day group, 8% of patients were seizure free during the 14-week trial, and the median 
reduction in seizure frequency was 74.9%37. In the second study that included patients co-treated 
with stiripentol, ≥ 50% responders at 0.4 mg/Kg/day were 54% in the FFA arm compared to 5% in 
the placebo group; the median percentage reduction from baseline in convulsive seizures was 63.141. 
The preliminary results of an interim analysis of a long-term open-label extension (OLE) study 
showed that 64.4% of patients had a ≥ 50% reduction of convulsive seizures, and 41.2% 
demonstrated a ≥75% reduction87. Overall, in this extension study, the efficacy remained stable over 
1 year of follow-up, with an average decrease of mean monthly convulsive seizure frequency of 
66.8%87. However, considering only three months of follow-up, we found a median percentage 
reduction of convulsive seizures of 73.3% and a reduction in convulsive seizures ≥ 50% in 68.9% 
of patients: these results are slightly better than those reported in recent RCTs.  
A recent first description of a patient with DS with non-convulsive status epilepticus (NCSE) 
successfully treated with 0.6 mg/kg/day oral load of FFA88 warrants further investigations.  
We did not observe a greater efficacy of FFA in children treated sooner after seizure onset, future 
studies should specifically address FFA efficacy in the early stages to fully assess its potential as a 
first-line treatment option.  
A relatively small percentage of our patients did not achieve a significant reduction in seizure 
frequency and 11.1% experienced an increase in seizures frequency, and among them, one patient 
experienced, while on FFA, recurrence of status epilepticus (SE) that was nonresponsive to 
common treatments (BDZ, phenobarbital) and required anesthesiological intervention with deep 
sedation. A previous report mentioned a patient in whom FFA was discontinued due to seizures 
worsening41. Looking at clinical characteristics of patients experiencing worsening of seizures in 
our series, we could not single out a specific phenotypic profile, or a particular form of DS. Mutation 
types did not differ either, if compared with the overall sample of patients. Although fluctuation of 
seizure frequency in DS is a frequent phenomenon, future FFA treatment studies will highlight if 
its use carries a risk of seizure worsening in some patients.  
In our open label study, FFA treatment allowed a reduction in the number of associated ASMs: 
13.4% of patients reduced or discontinued stiripentol and 26.9% of patient a different ASM. 
Reducing the ASM load is highly warranted in DS, as most patients are on a median of three ASMs, 
and 38% are still experiencing weekly seizures83,86 . 
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We found FFA co-administration not to cause significant differences in valproate plasma levels as 
previously reported; however the association of STP, clobazam, and valproate might have effects 
on the pharmacokinetics of FFA and norfenfluramine, therefore FFA should be adjusted and 
reduced when added to the previously mentioned triad of drugs89. We did not find a statistical 
difference in terms of efficacy considering patients with STP and patients without STP (p= 0.085). 
However, in view of the sample size and of the pharmacokinetics of these ASMs, this aspect should 
be investigated further.  
We could not find an indication that the type SCN1A genetic variant may influence sensitivity to 
FFA but studies with a considerable larger number of patients will clarify this aspect.  
FFA has also led to an improvement in behavior, autonomy, communication, motor skills, 
documented by the CGI scale assessment. Although assessing behavioral issues in children with 
severe encephalopathies is always difficult, and providing inferences based on a scale nears 
oversimplification, we consider this preliminary observation of interest and worth a specific study 
design in future trials.  
The adverse event profile of FFA in our DS cohort appeared to be mild if compared with earlier 
experiences. We observed anorexic effects, usually mild, early in treatment in 13.4%. None of the 
patients withdrew FFA due to adverse events. In the two previous RCTs, adverse effects on appetite 
were seen in 38%37 and 44 %41 of patients; weight decrease was seen in a few patients, and only one 
experienced weight loss that led to drug discontinuation37. Absence of clinical or echocardiographic 
signs of cardiac valvulopathy or pulmonary hypertension in our study is consistent with previous 
studies, where only traces of regurgitation, which cannot be considered as evidence of valve 
dysfunction and is a normal physiologic finding, were observed during a median of 256 day. 37,41,90 

Although FFA appears to be safe, further studies are still necessary to assess its long-term safety 
on cardiac valves, even considering that 40 mg/day of FFA carry a 9.2 times (95% CI 2·1–40·8) 
lower risk of severe valvulopathy than 60 mg/day when used as a treatment for adult obesity91.  
CBD has recently been approved for the treatment of DS based on results of a trial showing that 
43% of patients on CBD and 27% of those on placebo experienced at least 50% seizure 
reduction.92The long-term effects of add-on CBD were reported for patients with DS and Lennox-
Gastaut syndrome in an open-label study with a 50% monthly reduction of major motor seizures85. 
Overall, stiripentol associated with clobazam, FFA, and CBD associated with clobazam are three 
promising options for patients with DS. Although no comparative trials have been performed, 
figures emerging from published studies suggest a slight superiority of FFA on convulsive seizures. 
Further studies comparing the efficacy of Cannabidiol, STP in association with clobazam and FFA 
in patients with DS are needed to defined the order in which these treatments should be used.  
In conclusion, FFA was safe and provided sustained, clinically meaningful convulsive seizure 
reduction in this real word study. Other studies are needed to better establish the long-term safety, 
efficacy and to clarify the response profile of DS patients to the FFA in order to recommend FFA 
as a first line treatment.  
This study is limited by the small sample size, the relatively short median follow-up, the open-label 
design, and lack of a control group.  
 

 
5.4Levetiracetam  (LEV) study 

Preliminary observations, mainly based on clinical impression, obtained at our institution 
have questioned the real efficacy of LEV in epilepsy, but data reported in literature indicates that 
LEV is effective in patients with IGEs, depending on the type of seizures. Evaluating patient with 
tonic clonic generalized seizures treated with LEV, Tabrizi et al. reported a percentage of seizure-
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freedom of 100% (vs 97.7% in those treated with VPA) 94, while Berkovic et al. showed a 72.2% 
responders-rate (vs 45.2% in those treated with placebo)95.  Noachtar et al. showed a responder-rate 
of 58.3% in patients with myoclonic seizures53. Verrotti et al., 2008, described a responder-rate of 
57% after 6 months of follow up and 100% after 12 months, in patients with absence seizures treated 
with LEV in monotherapy96.  Other studies previously reported in literature evaluated the responder-
rate in patients with IGEs treated with LEV, considering type of epilepsy syndrome: this percentage 
ranged from 90.6% to 100% in patients with JME97-98 and from 33.3% to 80% in patients with 
epilepsy with eyelid mioclonia and absences98.  
By reviewing the 477 papers published on Pubmed on the efficacy of LEV, we found that only 49 
respected the American Academy of Neurology Classification Evidence 55a and Oxford Centre for 
Evidence-Based Medicine Levels of Evidence 56a. In addition, among the 7 papers which evaluated 
the efficacy of LEV in IGEs, described mainly a small cohorts of patients.  
In order to clarify the real efficacy of LEV, we studied  patients with IGEs as LEV is an approved 
FDA and EMA drug for this condition and IGEs is a subtype of epilepsy usually well controlled by 
an effective drug treatment. 
In our population, the responder-rate for LEV was about 40% and the percentage of seizures 
freedom was less than 30%; 18% of non-responder patients showed a clinical worsening defined as 
an increase of seizures frequency or an appearance of new seizures type. The median time to relapse 
in our whole responders population was 42 months. The median retention time was 10 months in 
the entire study population. A not statistically significant trend characterized by a propensity to 
keep longer unchanged the therapy regimen in patients with JME with myoclonic seizures and 
tonic-clonic seizures were noted. 
These findings are in line with our preliminary observations and with data recently published by 
Gesche and collaborators (Gesche et al., 2020), who reported a responder-rate about 47% and a 
percentage of LEV discontinuation of 11%93.   
A selection bias related to the inclusion of patients with IGEs not responsive at the first treatment 
choice and evaluated at third level hospital may contribute to the response observed in our series. 
In order to evaluate the impact of this selection bias, we analyzed the efficacy of VPA and ETS in 
patients who started these drugs to replace LEV. Both showed a high responders rate, 85.2% VPA 
and 75% ETS. In literature, other studies analyzed the pattern of treatment response in patients with 
idiopathic generalized epilepsy and showed a seizure freedom rate with acceptable side effects and 
a response rate higher for VPA compared to LEV, that were most pronounced in patients with 
juvenile myoclonic epilepsy93,99 

The retrospective nature of the study and the small sample size, especially for each type of 
syndrome, represent study limitations and could explain our results and the lack of statistical 
significance obtained at Cox-Analysis. 
Focusing on demographic and clinical characteristics of our population, our high non-responders 
rate could have substantial deleterious effect on individual health and quality of life: in fact IGE 
represents one of the most common form of epilepsy and it is generally associated with a favorable 
prognosis.  
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6. CONCLUSION 
 

In conclusion, our studies assessed the efficacy, long-term efficacy and tolerability of LCM, 
STP, FFA and LEV in a pediatric, adolescents and young adults with different types of drug-
resistant epilepsy.  
LCM, STP and FFA can be an effective and well-tolerated therapeutic option in a wide spectrum 
of epilepsy types. LEV did not result in a satisfactory clinical response in IGEs, considering their 
known good prognosis. However, our long-term follow-up studies document a progressive and 
conspicuous reduction of efficacy of all the evaluated drugs.  
Drug-retention rate takes point out the period intervening between initiation and withdrawal of a 
medication, or its substitution with an alternative treatment and is considered an efficacy and 
tolerability index65. This measure, however, is a less than optimal indicator of real-world 
effectiveness in therapy maintenance and does not necessarily provide an indication of efficacy. 
The true efficacy of a drug merely measured in terms of seizure reduction might not adequately 
reflect if an overall clinical benefit has occurred and geographic variations in clinical practice can 
influence the attitude to keep or rapidly change a drug of limited efficacy. All the above factors can 
be heavily influenced by choices that are unrelated to the efficacy profile of a drug, which, although 
no more effective than previously used molecules can at times be maintained in the treatment 
regimen because they are better tolerated. On the contrary, our efficacy assessment method, which 
included both retention and a standardized measure of seizure control guarantees a more reliable 
efficacy measurement. For these reasons, we assessed the Study Drug efficacy also in terms of loss 
of seizure control.  
The small sample size, especially for each type of seizures and type of syndrome analyzed, and the 
retrospective or observational design without control are important limitations of these studies.  
Areas for future research may include studies with larger populations, controlled studies,  
prospective trials in specific epilepsy syndromes or etiologies and pharmacokinetic studies to more 
widely assess interactions with other ASMs. 
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