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ABSTRACT 

Background: New therapeutic options have been approved as second-line treatments for drug-

resistant epilepsies such as Dravet Syndrome (DS): cannabidiol (CBD) and fenfluramine (FFA), 

promising repurposed drugs. Evidence for their possible combination in the clinical practice is 

lacking. We evaluated CBD+FFA efficacy and tolerability in patients with DS. 

Methods: Children and adults with DS were recruited through international collaboration and 

received add-on treatment with CBD and FFA up to 25 and 0.7 mg/Kg/day, respectively. Seizure 

endpoints were the percentage of patients with ≥50% (responders) or >25% <50% (partial responders) 

reduction in seizures, and the mean number of seizure-free days as compared to baseline. Clinical 

data, concomitant anti-seizure medications (ASMs), and adverse events (AEs) were recorded 

throughout the study. 

Results: 12 patients (5 females) with a mean age of 12 years (range 1.1-31) were enrolled. The mean 

follow-up (FU) duration was 14.3 months (range 3-25). Eight out of twelve (67%) patients were 

responders, while 2/12 (17%) were partial responders. At baseline, the mean longest seizure-free 

interval was 15 days compared to 54.25 days at FU. Under combined treatment, 58% of the patients 

could reduce and 50% could stop one or more concomitant ASMs. Reported AEs were weight loss 

(33.3%), tremor (25%), irritability and facial tics (8.3%). All AEs were mild and did not lead to 

treatment withdrawal. 

Conclusions: A significant reduction in seizures and longer seizure-free intervals were observed in 

DS patients under CBD+FFA treatment. Moreover, the combined treatment was well tolerated with 

only mild AEs reported.  
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INTRODUCTION 

1.1 DRUG-RESISTANT EPILEPSY 

Epilepsy is a disorder of the brain characterized by a persisting predisposition to generate epileptic 

seizures, and it leads to neurobiological, cognitive, psychological, and social consequences. 1  

Epilepsy affects more than 65 million people in the world and represents the third leading contributor 

to the global burden of disease for the neurological field. 2,3  The definition of epilepsy requires the 

occurrence of at least one epileptic seizure 1 but a revised practical definition affirms that, in 

individuals who have other factors that are associated with a high probability of a persistently lowered 

seizure threshold and therefore a high recurrence risk, epilepsy could also be diagnosed after one 

unprovoked seizure. The mentioned risk should be equivalent to the recurrence risk of a third seizure 

in those people with two unprovoked seizures, approximately at least 60%. 4 

When an individual is seizure-free and older than the applicable age for an age-dependent epilepsy 

syndrome or, in alternative, when it is more than 10 years since the last seizure with no anti-seizure 

medication (ASM) for the past 5 years, epilepsy is considered resolved. 1 

The first-line treatment for epilepsy is represented by ASMs: more than 20 drugs have been approved 

by the US FDA and the European Medicines Agency (EMA). Despite this development of new drugs, 

almost 30% of people with epilepsy still have seizures, even if ASMs with different mechanisms of 

action are combined.  5–7  
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The International League Against Epilepsy (ILAE) has defined drug-resistant epilepsy (DRE) as a 

failure of adequate trials of two well tolerated, appropriately chosen, and used ASMs schedules 

(whether as monotherapies or in combination) to achieve sustained seizure freedom. 8 

DRE is more common in patients who have more than five seizures and a longer duration of epilepsy 

before the start of the treatment, an abnormal MRI, epileptiform discharges at the EEG, focal seizures, 

neurocognitive deficits or symptomatology, 9 and it is associated with an increased risk of injury and 

a higher standardized mortality ratio, greater medication burden and adverse events (AEs), increased 

psychiatric and neurocognitive comorbidities, socioeconomic disadvantage, and reduced quality of 

life (QoL). 10 

Notably, a 30-year longitudinal cohort study demonstrated that, despite the increased use of many 

new ASMs with different mechanisms of action over the past 2 decades, long-term outcomes in 

adolescent and adult patients who have been newly diagnosed with epilepsies have not improved. The 

probability of achieving seizure freedom decreases after every unsuccessful ASMs regimen. 11 

To be able to predict poor response to ASMs treatment and hopefully offer new treatment approaches, 

is important to study the basis of DRE. 12–14 The mechanisms of drug- resistance appear to be variable 

and multifactorial, depending to the underlying cause of DRE and to the drug’s site of action. 5,15 Age 

also seems to affect treatment outcome: prognosis resulted better in seniors and adolescents than in 

the rest of the population. 13 

A recent review 16 reassumed the existing hypotheses aiming to explain pharmacoresistance: “the 

significance of altered targets for anti-epileptic drugs, overexpression of brain, and/or peripheral 

efflux transporters, initial considerable seizure frequency, existence of aberrant brain networks and 
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genetic polymorphisms. In the light of the above hypotheses, ASMs may not fully exert their effects, 

and their brain concentrations may not reach the therapeutic level. Also, a suppression of endogenous 

defense system against seizure activity, altered ASMs pharmacokinetics by genetic polymorphisms, 

increased inflammatory or mTOR signaling and production of free radicals, blood–brain barrier 

dysfunction, and disturbed renin–angiotensin system may contribute to pharmacoresistance as well”.  

 

1.2 DRAVET SYNDROME (DS) 

A typical example of DRE is represented by Dravet syndrome (DS), previously known as severe 

myoclonic epilepsy of infancy (SMEI). With an incidence of 1:15500  1718, DS considered a rare 

disease. It was first described in France in 1978 19 and then included as an epileptic syndrome in the 

ILAE classification in 1989. 20 DS is an epileptic encephalopathy, according to the definition of “a 

condition in which the epileptiform abnormalities themselves are believed to contribute to the 

progressive disturbance in cerebral function”. 21  

Age at onset is usually between 5 and 8 months, but in 2006 an onset after 1 year has been reported.22 

The first seizures are typically clonic, generalized, or unilateral. Seizures can be triggered by fever 

but they can occur also due to vaccinations and hot baths: they are longer than a simple febrile seizure 

and could evolve into status epilepticus. 23–29 The incidence of heat-induced epilepsy decreases when 

the patient grows up, turning into the refractory epilepsy. 

Patients with DS have multiple seizure types over time: generalized tonic-clonic seizures, generalized 

clonic seizures or alternating unilateral clonic seizures, myoclonic seizures, atypical absences and 

obtundation status, focal seizures, with or without secondary generalization, rarely, tonic seizures. 26–

31 In some patients with DS, photosensitive epilepsy can also be observed.  32  
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In addition to the epileptic seizures, the QoL of patients with DS is seriously affected by other 

comorbidities that can be combined: ataxia, premature death, language and motor development delay, 

cognitive impairment, sleep disorders, and sudden unexpected death in epilepsy (SUDEP).  33–38 Lack 

of attention, hyperactivity and recalcitrant behaviour appear to be the major factors responsible for 

the learning disabilities. Affected children are not interested in playing with educational toys and 

participating in the usual activities of their age group, they are restless and do not listen to adults, even 

if they are able to complete puzzles and to watch cartoons repetitively. 26,29,30,39  

An extensive survey of caregivers of patients with DS 40 demonstrated that the prevalence of autism 

was 42%, of ADHD was 24%, and of behavioral difficulties not related to autism or ADHD was 51%; 

13% of all patients older than 5 years of age were reported as not speaking at all.  

There is a variability in the long-term outcomes: some patients develop severe motor and cognitive 

disability, whereas others have mild cognitive impairment and can participate in social activities in a 

sheltered environment. 41  

Dravet distinguished three stages of DS: “The febrile or diagnostic stage in the first year; the 

worsening stage between 1 and 5 years, with frequent seizures and statuses, behavioral deterioration, 

and neurologic signs; and the stabilization stage after 5 years when convulsive seizures decrease and 

occur mainly in sleep, myoclonic and absence seizures can disappear, focal seizures persist or 

decrease; mental development and behaviour tend to improve but cognitive impairment persists, 

although of variable degree.” 28  

In 2001, a study demonstrated that DS could have a genetic etiology and most of the cases are caused 

by de novo mutations in the SCN1A gene 42 , resulting in substantially decreased levels of the 

corresponding functional protein, the α-1 subunit of the neuronal, voltage-gated sodium channel 

NaV1.1. 28 In the central nervous system, NaV1.1 is a fundamental sodium channel highly expressed 
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in many GABAergic inhibitory neurons: the altered production of this protein leads to 

hyperexcitability of the neuronal network. 43  

To date, more than 1,800 mutations have been identified in SCN1A. 44,45 Familial mutations occur in 

5–10% of cases and are usually missense in nature: in these cases, other family members with the 

SCN1A mutation have mild phenotypes. The rate of SCN1A mutations in that cohort of patients 

suggests that other factors may be involved in DS pathogenesis. 46–48 46–48       

Mutations of SCN9A might be modifiers for the DS phenotype as suggested in a report of a single 

large family in which the mutation in a highly conserved amino acid residue of the SCN9A sodium 

channel alpha subunit is associated with a wide clinical spectrum of seizure phenotypes including 

simple focal seizures, self-limited afebrile seizures, and temporal lobe epilepsy. 49 

1.3 THERAPEUTIC ALGORITHM FOR DS 

The aim of DS treatment is to reduce seizure frequency with limited toxicity since the high seizure 

frequency is associated with a lower QoL and could be correlated with cognitive dysfunction. Another 

therapeutic goal is to minimize comorbidities, including intellectual disability, behavioral and 

psychiatric problems, seizure-related injury and SUDEP. 26,39,50–53 

Since DS constitutes a major burden for patients and their caregivers/families, a multidisciplinary, 

individualized approach to care is required, which addresses each patient’s medical, educational, 

psychological, and social needs throughout the course of their life, together with patient/caregiver 

values and preferences which are especially relevant when a disease cannot be definitively cured. 54,55 

Home rescue medication is required for all patients with DS, and they include rectal diazepam for 

very young children, and nasal or buccal midazolam for older children, adolescents, and adults.  
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A detailed seizure rescue plan should be also provided and followed if the home rescue medication is 

not successful in stopping the seizure. 56,57 

It is well recognized that certain ASMs, in particular the sodium channel-blocking agents, could 

trigger seizures in patients with DS: this pharmacologic intolerance is probably due to the fact that 

most patients have a nonsense or missense mutation in the SCN1A gene, a component of the Nav1.1 

sodium channel.58 Carbamazepine (CBZ)’s role in exacerbating seizures in DS has been particularly 

well described 59; for this reason, CBZ and its analogs (oxcarbazepine, and eslicarbazepine) as well 

as phenytoin are contraindicated. Phenytoin has also been reported to result in dose-dependent and 

reversible choreoathetosis. 60  Furthermore, a recent study 61 demonstrated that a longer duration of 

contraindicated medication use was significantly associated with a worse cognitive outcome at time 

of inclusion, and with lower interpolated intelligence quotient/developmental quotient scores after the 

first 5 years of disease in DS patients.  

Studies noted that lamotrigine (LTG)  62 and rufinamide (RUF) 63 exacerbate seizures in patients with 

DS and so they do not seem to be suitable options for this condition.  

Vigabatrin (VGB) was reported to exacerbate seizures in patients with DS and to worsen cognitive 

outcomes and thus is not recommended. 61,64 It has been suggested that phenobarbital (PB) should also 

be avoided in DS as it can result in the exacerbation of seizures.64 Use of PB in status epilepticus has 

also been reported to predispose to anoxic-like lesions and poor psychomotor outcome. 65 

The two most recommended initial therapies include valproic acid (VPA) and clobazam (CLB), 

according to a North American Consensus Panel comprising epileptologists with nationally 

recognized expertise in DS and parents of children with DS. 66 
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Most of the patients with DS progress to second-line agents since these current first-line therapies 

have only modest efficacy on reducing seizure frequency and preventing status epilepticus. Second-

line agents include stiripentol (STP), topiramate (TPM) and, from two years onwards, cannabidiol and 

fenfluramine.6757 

Third-line treatment includes clonazepam (CLZ), levetiracetam (LEV), zonisamide (ZNS), 

ethosuximide (ESM), and PB. 67 
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Figure 1. Guidance on Dravet syndrome from infant to adult care: Road map for treatment 

planning in Europe. (Cardenal-Muñoz, E. et al. Epilepsia Open. 2022) 
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VPA represents the first-line treatment for patients with DS. It is a broad-spectrum ASM effective 

across a range of focal and generalized seizure types including tonic-clonic, myoclonic, tonic and 

absence seizures. 68 This wide-ranging activity is likely a reflection of its complex mechanism of 

action modulating various targets implicated in the development of seizures, including the inhibitory 

neurotransmitter GABA, voltage-gated sodium channels and histone deacetylase.69  

VPA has proved effective in generalized and unclassifiable epilepsies, and it is generally well 

tolerated. 70,71. According to FDA “Depakene (VPA): prescribing information” and “Epilim (sodium 

valproate): summary of product characteristics” 72, the most common AEs include gastrointestinal 

disturbances (nausea, vomiting, abdominal pain, and diarrhea), headache, somnolence, tremor, and 

asthenia, although these are generally mild to moderate in severity and reduce over time. However, 

VPA has been rarely associated with serious and fatal hepatotoxicity in children < 2 years of age 

(especially those taking multiple ASMs) and people with mitochondrial disorders caused by mutations 

of the mitochondrial DNA Polymerase γ (POLG) gene, so VPA is contraindicated in patients with 

hepatic diseases. Before initiating VPA, liver function tests are required and patients should be 

monitored; a physical examination and a medical history should also be conducted as liver function 

tests are not always abnormal. 72 VPA is also associated with coagulation disorders (including 

thrombocytopenia, decreases in von Willebrand’s factor, and platelet dysfunction) and 

hyperammonaemia. Therefore, laboratory tests should include blood count and ammonia. 68 

VPA is available in a variety of formulations including tablets and granules (modified release), oral 

solution, as well as a solution for injection or infusion. The starting dose of VPA is typically between 

10 and 15 mg/Kg/day, divided into two or three doses, followed by gradual increases to target doses 

in the range of 25 to a maximum of 60 mg/Kg/day according to clinical response and tolerability.  
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In cases where acceptable clinical response has not been attained, plasma concentrations of VPA 

should be checked to see if they are in the generally accepted therapeutic range of 50–100 mcg/mL. 

Recently, a study demonstrated that chronic intraventricular administration of VPA is safe and 

effective in subjects with medically refractory epilepsy over many months. The procedure for 

implanting the infusion system is safe and well-tolerated, drug side effects were minimal. 73 

VPA alone is generally insufficient to control seizures in DS and persisting seizures leads to further 

add-on treatments. 68 Concomitant administration with TPM has been associated with encephalopathy 

and/or hyperammonaemia; the signs and symptoms should be carefully monitored especially in 

patients with pre-existing encephalopathy. 72  

CLB is widely used for the treatment of developmental and epileptic encephalopathies (DEEs) 

including DS, owing to its favorable tolerability, safety, and broad-spectrum anti-seizure activity. In 

the EU, CLB has a broad indication as an adjunctive treatment for epilepsy 74, while in the USA it is 

generally used off-label. 75 CLB is a 1,5-benzodiazepine with a greater selectivity for α2-GABA-A 

than α1-GABA-A subunits, which results in fewer sedative effects and a lower propensity for efficacy 

tolerance (i.e., losing efficacy over time). 76 

CLB has a good safety profile, the most common AEs of CLB include sedation or irritability, 

excessive salivation, dizziness, ataxia, and hypotonia. 57 Rare cases of Steven–Johnson syndrome and 

toxic epidermal necrolysis have also been reported. 77,78 

CLB is administered orally, the initial dose is 0.2 mg/Kg/day divided into two daily administrations, 

followed by gradual increases to reach target doses of 0.3–1 mg/Kg/day, up to a maximum of 2 mg/Kg/ 

day.  
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Addition of CLB to VPA may increase the plasma concentrations of VPA, and clinical monitoring is 

recommended with a view to a possible dose adjustment of CLB. 75,76 

Non-pharmacological therapies include ketogenic diet (KD), vagal nerve stimulation (VNS), and 

other chirurgical approaches.  

The efficacy of KD in DS has been evaluated in several studies  79–86  which were for the majority 

retrospective and used a classical diet: approximately two-thirds of children were responders, with a 

greater than 50% reduction in seizures. A significant minority of cases achieved a more significant 

reduction with rare cases becoming seizure-free. There is a consensus 66 that the KD should be 

considered as a second-line option for DS, utilizing the classical diet in patients aged younger than 2 

years and a modified Atkins diet for teenagers and adults. 57 

Many studies have assessed the efficacy of VNS in DS 86–93 and a report from the North American 

Consensus Panel 66 indicated that it could be considered in DS but only after first- and second-line 

treatments (ideally including the KD) had been tried. The same approach has been suggested for 

callosotomy, which could be considered in a patient with DS with intractable drop seizures, but its 

benefits are unclear, and the potential risk/benefit ratio must be carefully discussed with the family. 

They also affirmed that there is no role for resective surgery, including temporal lobectomy. 57 
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2.CANNABIDIOL (CBD) 

2.1 CBD FORMULATIONS, INDICATIONS, AND DOSAGE 

Cannabis is a generic term to refer to the products of the plant Cannabis sativa L which contains over 

100 compounds, collectively called phytocannabinoids. Among these products, the two best 

characterized cannabinoids are delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD).94 

Compared with THC, CBD shows a more consistent anti-seizure activity profile in animal models 

without THC-like adverse psychoactive effects. 95,96 

The plant-derived pharmaceutical formulation of purified CBD oral solution (Epidiolex®) was 

approved in June 2018 by the US Food and Drug Administration as treatment and in July 2019 by the 

EMA as adjunctive therapy in conjunction with CLB for seizures associated with DS or Lennox-

Gastaut syndrome (LGS) for patients aged 2 years and older. 97 

A “start slow” and “increase on a case-by-case basis” strategy is recommended. A starting dose of 5 

mg/Kg /day, divided in two doses seems to be adequate. This dose should be increased to 10 

mg/Kg/day after two weeks of treatment. Thereafter, the individual’s response requires an observation 

time which strictly depends on baseline seizure frequency before the administration of CBD. If the 

drug is well tolerated but not sufficiently effective, the dose should be slowly increased in increments 

of 5 mg/Kg/day, if it is tolerated, up to a maximum of 20-25 mg/Kg/day. 98 

Oral administration is recommended. When necessary, CBD can be enterally administered via feeding 

tubes, such as nasogastric or gastrostomy tubes. Food may affect Epidiolex® levels. Consistent dosing 
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of Epidiolex® with respect to meals is recommended to reduce variability in CBD plasma exposure. 

97 

 

2.2 EFFICACY OF CBD TREATMENT IN DRUG RESISTANT EPILEPSY 

The anti-seizure effects of cannabis have been described, since the last century, in small studies of 

patients with refractory epilepsies.99 A famous report detailed the treatment course of a 5-year-old girl 

with DS who experienced up to 50 generalized tonic-clonic seizures per month: CBD-rich cannabis 

treatment led to a > 90% reduction in seizures. This raised the interest in treating patients with epilepsy 

with CBD.100,101 The first prospective data were collected in an observational interventional trial that 

included 214 children and adolescents with DRE of different etiologies: they all experienced frequent 

seizures (median about 60 seizures monthly). CBD was tapered up until intolerance or a maximum of 

25 mg/Kg/day was achieved. The mean CBD dose was 22.9 mg/Kg (safety group) and 22.7 mg/Kg 

(efficacy group), respectively. The median monthly seizure change was − 34.6% for all seizures, − 

55% for focal seizures, and − 54.3% for atonic seizures. In contrast, the efficacy for tonic-clonic 

seizures was worse (− 16%). Responder rates were 37% in all seizures, 56% in atonic seizures, 40% 

in tonic seizures, and 34% in tonic-clonic seizures, supporting the idea of CBD having different 

efficacies in different seizure types. The median reduction and responder rates for motor seizures were 

higher in the DS patient subgroup (49.8%). In the safety group, 79% of the patients reported AEs, and 

12% reported drug-related serious AEs. AEs led to discontinuation in 3% of the patients. The most 

common AEs were somnolence (25%), decreased appetite (19%), diarrhea (19%), and fatigue (13%). 

Six patients experienced thrombocytopenia and 11 had elevated liver enzymes; all of those were 
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taking concomitant VPA. This study suggested a reduction in seizure frequency with CBD and an 

adequate safety profile.102 

The first randomized, double-blind, placebo-controlled trial of CBD in DS (GWCARE1b) was carried 

out in 120 children and adolescents using 20 mg/Kg/day of CBD. Efficacy was assessed by comparing 

a 14-week treatment period with a baseline period. The median reduction in convulsive seizures was 

38.9%. Responder rates were 42.6% for convulsive seizures. AEs occurred in the CBD group (93%) 

as well as in the placebo group (75%); most of the AEs were moderate or mild. Serious AEs were 

more common in the CBD group (16%). Common AEs were somnolence (36%) diarrhea (31%), 

decreased appetite (28%), and fatigue (20%) 103.   

A second double-blind, placebo-controlled, randomized trial investigated 10 and 20 mg/Kg/day of 

CBD (GWPCARE2) in 199 children and adolescents using a similar protocol. Median convulsive 

seizure reduction was 48.7% in the CBD 10-mg/Kg/day group; 45.7% in the 20-mg/Kg/day group; 

and 26.9% in the placebo group. Responder rates were 43.9%, 49.3%, and 26.2%, respectively. AEs 

were common in all groups (87.5%, 89.9%, and 89.2%), 92% of the AEs were judged to be mild or 

moderate. The most common AEs were decreased appetite, diarrhea, somnolence, pyrexia, and 

fatigue. A higher incidence of AEs, such as somnolence, rash, and pneumonia, was found when co-

medicating with CLB. Liver enzyme elevation (more than three times) was found in 12% of the CBD-

treated patients, all of them in co-medication with VPA.104 

Up until June 2019, 681 patients were included in long-term, follow-up studies (GWPCARE5). For 

the DS group, 264 patients with a mean dose of 21 mg/Kg/day and a median treatment duration of 

274 days, a sustained convulsive seizure reduction (between 37.5 and 44.3%) was achieved. Again, 

AEs were common (93.8%) but mild (36.7%) or moderate (39%) and led to the withdrawal of 6.4% 
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of the patients. Diarrhea (34.5%), pyrexia (27.3%), decreased appetite (25.4%), and somnolence 

(24.6%) were the most common AEs.105  

Longer follow-up data (up to 96 weeks) supported the long-term treatment option with a median 

monthly major seizure reduction of 50% and a reduction of 44% for all seizures for a group of 152 

patients with DS/LGS. For 455 patients with different types of DRE, similar results were obtained.106  

In 2021, a retrospective review study investigated the efficacy of CBD for a treatment period up to 60 

months: 54 subjects with DRE were enrolled by the Massachusetts General Hospital's in the open-

label EAP for CBD. The results indicated that CBD maintains its efficacy for controlling seizures 

from year 1 to the most recent study visit. The percentage of seizure responders remained similar at 

these time points (41.7%–42.6%), and the seizure response rate was also maintained. Although CBD 

use did not lead to an overall decrease in concomitant ASMs, most subjects reduced the dose of at 

least one concomitant ASM compared to baseline. CBD was generally well tolerated, with drowsiness 

and diarrhea as the primary adverse reactions. 107 

2.3 CBD PHARMACODINAMICS 

CBD appears to have multiple mechanisms of action including altering neuronal excitability, 

antioxidant properties, and anti-inflammatory effects.108 CBD anti-seizure activity has been 

documented in a wide range of experimental models.109,110 The molecular mechanisms underlying 

these effects could be explained by the complex interactions of cannabinoids with a large number of 

receptors and biological systems, many of which have implications for effects on neuronal 

excitability.111 A recent review suggested that three mechanisms are likely to be particularly relevant 

to the concentrations of CBD at which anti-seizure effects were demonstrated: antagonism of  
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G protein-coupled receptor 55 (GPR55), desensitization of transient receptor potential vanilloid type 

1 (TRPV1) channels, and potentiation of adenosine-mediated signaling through inhibition of the 

equilibrative nucleoside transporter 1 (ENT-1).112 

GPR55 activation triggers a sequence of events resulting in intracellular Ca2+ release from 

intracellular stores, and consequent modulation of neurotransmitter release and neuronal 

excitability.113,114 CBD acts as a GPR55 antagonist and it has been found to reduce the frequency of 

spontaneous seizures and the severity and duration of thermally induce seizures, in a validated genetic 

mouse model of DS. CBD also attenuated autistic-like social interaction deficits in this model. These 

effects were associated with restoration of inhibitory neurotransmission in the hippocampal dentate 

gyrus and were mimicked and occluded by an antagonist of GPR55.115  

CBD may modulate intracellular Ca2+concentration also through an effect on TRPV1 channels which 

are widely expressed in the central nervous system (CNS)116 , where they regulate neuronal activity 

through activation of intracellular Ca2+ influx.117,118 There is clear evidence that TRPV1 antagonism 

can protect against seizures in experimental models.119–122 Although CBD acts as a TRPV1 agonist, it 

also causes rapid desensitization of the channel 123 which, in turn, is considered to contribute to its 

anti-seizure activity.124,125 Seizure protection afforded by CBD was found to be significantly 

attenuated, but not abolished, in TRPV1 knock-out mice compared with wild-type mice, suggesting 

that TRPV1 inhibition contributes to CBD’s anticonvulsant effects.126  

CBD is also a relatively potent inhibitor of the ENT1, which mediates the reuptake of adenosine.127 

Several pharmacological actions of CBD are thought to be mediated by inhibition of adenosine 

reuptake, and consequent augmentation of adenosine effects in various organs and systems.128 
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Elevation of extracellular adenosine concentration by CBD occurs also in the brain 129 where 

adenosine is considered to act as an endogenous anticonvulsant and seizure terminator, through 

stimulation of A1 and possibly other centrally-expressed adenosine receptors. 130,131 These findings 

support the hypothesis that adenosine-mediated effects can also contribute to CBD’s anticonvulsant 

activity.132   

CBD has been shown to act as a positive allosteric modulator at GABAA receptors. 133–135 This effect 

was recently confirmed in a study of brain tissue samples obtained post-mortem from patients with 

DS. 136 A GABA-mediated mechanism could be particularly relevant in these patients because the 

sodium channel mutation responsible for DS leads to impaired firing of GABAergic interneurons. 137 

Interestingly, studies in animal models of DS indicate that CBD can potentiate pharmacodynamically 

the anti-seizure effect of CLB 133 this pharmacodynamic interaction is additive to the pharmacokinetic 

interaction whereby CBD increases several-fold the plasma levels of N-desmethylclobazam (nor-

clobazam), the active primary metabolite of CLB.138 

 

2.4 CBD PHARMACOKINETICS, DRUG INTERACTIONS  

CBD has a time to maximum plasma concentration (Tmax) of 2.5 to 5 hours at steady state (Css). 

Coadministration of CBD with a high-fat/high-calorie meal increased Cmax by 5-fold, area under the 

curve (AUC) by 4-fold, and reduced the total variability, compared with the fasted state in healthy 

volunteers. Protein binding of the CBD and its metabolites was >94% in vitro.  
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The half-life of CBD in plasma is 56 to 61 hours after twice-daily dosing for 7 days. CBD is 

metabolized in the liver (primarily) and the gut by CYP2C19 and CYP3A4 enzymes, and UGT1A7, 

UGT1A9, and UGT2B7 isoforms.  

After repeat dosing, the active metabolite of CBD, 7-OH-CBD, has a 38% lower AUC than the parent 

drug. The 7-OH-CBD metabolite is converted to 7-COOH-CBD, which has an approximately 40-fold 

higher AUC than the parent drug. Based on preclinical models of seizure, the 7-OH-CBD metabolite 

is active; however, the 7-COOH-CBD metabolite is not active. CBD is excreted in feces, with minor 

renal clearance. 97 

A bidirectional pharmacokinetic interaction exists between CBD and CLB: CBD can inhibit the 

catalytic activity of CYP2C19 and elevate by 2- to 6-fold the plasma levels of N-desmethylclobazam 

(N-CLB), a biologically active metabolite of CLB.139 In parallel, CLB leads to a 47% increase in the 

exposure to 7-OH-CBD, a CBD active metabolite, likely via inhibition of glucuronidation. 

Nonetheless, CBD is a safe and effective treatment for refractory epilepsy in patients receiving CLB 

treatment. 140 Increased systemic levels of N-CLB and 7-OH-CBD may lead to enhanced 

pharmacological effects and increased AEs, mainly somnolence or sedation. 141,142 CBD-CLB 

interaction may be less marked or absent in presence of STP and should be considered if the latter is 

modified in the treatment schedule. 143 

STP and CBD interact bidirectionally with a clinical relevance which is still unknown. STP slightly 

decreased the concentration of 7-OH-CBD (−29%) and 7-COOH-CBD (−13%), whereas CBD led to 

a small increase in STP exposure due to a 17% increase in Cmax and 30% increase in AUC. 139,144 
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CBD does not seem to affect systemic exposure to VPA and vice versa 139; however, a 17% reduction 

in VPA’s AUC has been reported while it was not linked to clinical relevance.144 The concomitant 

administration of these drugs is associated with the risk of reversible elevations in transaminase levels 

and, more recently, to thrombocytopenia.145 In addition to the hepatotoxic profile of CBD and VPA 

alone, there could be an additive toxic effect when the ASMs are combined, due to the fact that the 

chemical structure of the 7-COOH-CBD derivatives reveals similarities with the VPA metabolite 

associated with hepatotoxic properties.143,146 

Linear increases in serum levels of TPM and RUF with increasing CBD dose were seen in pediatric 

and adult patients. A significant increase in serum levels of ZNS with increasing CBD dose was seen 

in adults and not in pediatric patients, and eslicarbazepine increase has been studied only in adults.147 

Adjunctive treatment with CBD resulted in increased brivaracetam (BRV) levels by 95% to 280% in 

a case series of five patients: one possible mechanism contributing at least partially to increasing BRV 

level is the inhibition of CYP2C19 by CBD. Only two patients reported mild AEs, leading to a 

reduction of BRV in one patient.148  

No significant changes in drug levels of LEV, CLZ, VGB and pregabalin have been observed with 

CBD dose titration.147  

 

2.5 ADVERSE EVENTS 

The most common AEs observed in both randomized, placebo-controlled, and open-label studies 

include somnolence, decreased appetite, and gastrointestinal symptoms. An increase in serum 
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transaminases resulted also associated with CBD administration. Less commonly reported AEs 

include upper respiratory tract infection, vomiting, fatigue, and pyrexia. 149,150 

Somnolence is the most frequent AE observed during CBD treatment and it is dose related. In pivotal 

trials, it was reported by around 35%, 25%, and 10% of the patients treated with CBD at 20 

mg/Kg/day, 10 mg/Kg/day and placebo, respectively. 149 The incidence of somnolence is higher in 

patients concomitantly taking CLB: when CBD is added to therapeutic regimen encompassing CLB, 

slower titration may be also advised and dose adjustment of CLB may be required. Therapeutic drug 

monitoring (TDM) might be recommended before CBD administration and after any dose increase 

since it is clinically difficult to distinguish benzodiazepine toxicity from side effects due to CBD. 151 

Decreased appetite, diarrhea, and weight loss are common AEs associated with CBD treatment, and 

they are generally mild to moderate in severity. Reduced appetite and diarrhea usually become evident 

within the first 3 months of treatment. The effects of CBD on gut microbiome and the oil-based drug 

vehicle may contribute to the diarrhea, due to the seemingly opportunistic increase in Akkermansia 

muciniphila at the expense of other bacterial species. 152 The lack of appetite and subsequent weight 

loss occur independently of the diarrhea and may be directly related to CBD.153  

In randomized controlled trials (RCTs), half of the drug withdrawals were due to increased serum 

transaminases, which represented the most frequent severe AE.149 All cases resolved either 

spontaneously, or after the dose of a concomitant ASM was reduced, or after CBD was tapered or 

discontinued. No events suggested lasting liver damage and no patients met the criteria for severe 

drug-induced liver injury. 154 
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Transaminases elevations generally appear during the first 30 days and rarely after 100 days from 

starting CBD154 and the main risk factors associated with elevation of liver enzymes are the 

concomitant administration of VPA, which is known to have hepatotoxic effects, CBD dose, and 

baseline transaminases levels.97 More than two-thirds of aminotransferases elevations occurred in 

patients taking concomitant VPA, and some cases resolved while on CBD after the decrease in VPA 

dose. Concomitant administration of CLB also raises the risk of transaminases elevations, although to 

a lesser extent. 151 

Because of the risk of hepatocellular injury, serum transaminases and total bilirubin levels should be 

assessed at baseline in all patients, monitored at one month, three months, and six months after CBD 

initiation, and checked periodically thereafter or as clinically indicated. More frequent monitoring is 

warranted in patients who take VPA or have elevated liver enzymes at baseline. Liver functions should 

be also measured within one month following changes in CBD dose and addition of or changes in 

medications with known effect on the liver, like VPA and CLB. 97  

In the case of transaminases elevations, weekly laboratory monitoring over 15 days can be useful to 

verify whether spontaneous normalization occurs. If liver abnormalities persist, a reduction in the 

dosage of CBD or concomitant drugs (VPA and/or CLB), and control of transaminases every two 

weeks until normalization is warranted. 151 
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3.FENFLURAMINE (FFA) 

3.1 FFA FORMULATIONS, INDICATIONS AND DOSAGE 

Fenfluramine (FFA) is indicated for the treatment of seizures associated with DS as an add-on therapy 

to other ASMs for patients 2 years of age and older. The starting dose (first week) is 0.1 mg/Kg taken 

twice daily (0.2 mg/Kg/day); at day 7, the dosage can be increased from 0.2 mg/Kg twice daily (0.4 

mg/Kg/day) to a maximum of 26 mg (13 mg twice daily i.e., 6.0 mL twice daily). In patients taking 

STP, maximum dosage is 17 mg (8.6 mg twice daily i.e., 4.0 mL twice daily). FFA may be taken with 

or without food and it is compatible with commercially available gastric and nasogastric feeding tubes 

and a KD.  155 

 

3.2 EFFICACY OF FFA TREATMENT IN DRUG RESISTANT EPILEPSY 

In 1985, Aicardi and Gastaut observed a reduction in seizure frequency of self-induced photosensitive 

epilepsy patients treated with FFA: FFA seemed to reduce or suppress the compulsive need for self-

induction of seizures through its antipsychotic properties and a direct anti-epileptic mechanism could 

have been considered, since the photo convulsive response disappeared in one subject. 156  In 1987, 

the use of FFA was studied in 33 patients with severe childhood epilepsy and the primary diagnosis 

of DRE: this follow-up pilot study showed more than 50% reduction in seizure frequency in 46% of 

the patients when adding 0.5–1.5 mg/Kg/day of FFA in their current ASMs regimen. 157 

A case report in 1988 about a 5- month-old child with LGS and self-induced seizures highlighted that 

the addition of FFA (10 mg twice a day) to VPA, CBZ and bromocriptine mesylate resulted in child’s 
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inability to induce seizure and long-lasting seizure control: patient’s interest turned from seizures to 

his environment, and he became educable at a special school. 158 

A study published in 1996 evaluated add-on therapy of FFA in intractable self-induced epilepsy: FFA 

was given in a dosage varying between 0.5 mg/Kg/day and 1 mg/Kg/day. A single daily dosage was 

given in 6 patients, but in 4 a better result was obtained by giving 2 dosages, and in one patient the 

best result came with 3 dosages. After the introduction of FFA, a better seizure control was obtained 

in two or three weeks. Seven patients became seizure-free and in 4 patients a greater than 75% 

decrease in seizure frequency was obtained. There was no influence on the blood levels of other ASMs 

and no influence on body weight. Enhanced social participation in all patients and a decrease of 

overactivity in three patients were additional benefits of FFA. Self-inducing acts completely 

disappeared in the seven seizure-free patients and decreased in frequency in the other four patients.  

159 

Later, SCN1A mutations were found in five of those patients: these mutations were a newly defined 

cause for DS and so FFA could be considered an interesting ASM for this DRE. 160 

In 2012, FFA was studied in a retrospective case series in patients with DS: at a mean dosage of 0.34 

mg/Kg/day, 7 of the 12 patients became seizure-free (in six of them, seizure freedom was achieved 

within 3 days after the start of FFA treatment), 1 patient had 75% reduction in seizure frequency, 2 

patients no significant response, 1 patient withdrew due to lack of efficacy, and 1 patient withdrew 

because controlled with another ASM. Interestingly, three seizure-free patients had a recurrence of 

seizures after discontinuing FFA and became seizure-free again after restarting the medication. 161 
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 In 2017, a prospective study assessed the safety and effectiveness of low-dose FFA in a new cohort 

of patients with DS. Nine patients were enrolled in the study and were treated with FFA for a median 

duration of 1.5 years. Median frequency of major motor seizures was 15.0/month in the baseline 

period and all patients demonstrated a reduction in seizure frequency during the treatment period with 

a median reduction of 75%. Seven patients (78%) experienced a ≥50% reduction in major motor 

seizure frequency. No evidence of cardiac valvulopathy or pulmonary hypertension was observed. In 

addition, a tendency towards a positive effect on the sleep quality and QoL of both patients and parents 

was seen in combination with an improved global impression. 162 

Two important studies were conducted in 2019. The first one was a double-blind, parallel-group, 

placebo-controlled, phase 3 RCT involving 87 pediatric patients with DS who did not have any 

underlying cardiac or valvular insufficiency. The patients were randomized to receive either FFA 0.4 

mg/Kg/day in addition to their treatment or regimen (based on STP plus CLB or VPA) or a placebo 

medication. The patients who received FFA were estimated to have a 54.0% greater reduction in 

monthly convulsive seizure frequency (MCSF) compared to the patient's receiving the placebo 

medication. The treatment group also had significantly more patients experiencing a clinically 

meaningful (determined to be >= 50%) reduction in mean MCSF that the placebo group. Twenty-two 

out of 43 patients in the treatment group compared to 2 of 44 patients in the placebo group experienced 

a clinically meaningful reduction in mean MCSF. The treatment group also experienced significantly 

longer seizure-free intervals. Therefore, FFA may be an effective treatment option for patients with 

DS whose seizures are not adequately controlled. 163 

The second study was a similar randomized, double-blind, placebo-controlled clinical trial that also 

demonstrated encouraging results for the use of FFA in patients with DS. Patients were treated at 
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baseline with a mean of 2.4 ASMs (which most included VPA, TPM, CLB, TPM, and LEV) without 

concomitant STP use. The study enrolled 119 patients ages 2–18 with DS who were randomly 

assigned to receive either FFA 0.2 mg/Kg, FFA 0.7 mg/Kg per day or placebo. The study found a 

median reduction in seizure frequency of 74.9% in the FFA 0.7 mg/Kg/day group. This represents a 

decrease in seizures from 20.7 seizures per 28 days to 4.7 seizures per 28 days. Both doses of FFA 

showed statistically significant reduction in mean MCSF as compared to the placebo group. Also in 

this work, FFA provided significantly greater reduction in convulsive seizure frequency as compared 

with the placebo, it was well tolerated, and no valvular heart disease or pulmonary arterial 

hypertension were observed. 164 

Patients who completed these two studies were enrolled in an open-label extension (OLE) study 

conducted by Zogenix, the productors of Fintepla (Fenfluramine). The aim was to assess long-term 

safety and efficacy of FFA. They found a median 70.6% reduction in convulsive seizure frequency 

after optimization of dosing for a median 256 days of treatment. In addition, FFA continued to be well 

tolerated, no valvular heart disease or pulmonary arterial hypertension was observed during 

longitudinal echocardiographic assessments performed during the OLE study. 165 

A recent report suggested the potential use of FFA for the acute treatment of non-convulsive status 

epilepticus in patients with DS: these patients followed a faster titration to 30 mg over 4 days, they 

recovered, and no AEs were reported. 166 

A 2020 real-world study demonstrated that FFA provided a clinically meaningful reduction in 

convulsive seizure frequency in most patients with DS and was well tolerated. A reduction in the 

number of associated ASMs was also observed, resulting in discontinuation of STP in 13.4% of 

patients, and of a different drug in 26.9%. None of the patients withdrew FFA due to AEs and the 
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treatment was accompanied by improved behaviour, autonomy, communication, and motor skills 

(assessment obtained by the Clinical Global Impressions scale). 167 

In 2021, a multicenter, retrospective, observational study in Germany described the efficacy, 

tolerability, and retention of FFA within the compassionate use program (CUP). 78 patients with DS 

were treated for a median duration of 255.5 days with add-on therapy of oral FFA gradually titrated 

to a target dose between 0.13 and 0.7 mg/Kg/day. Responder rates (≥50% reduction; n = 78) and 

seizure-freedom rates at 3 months were 68% and 14% for total seizures, respectively, and 67% and 

23% for generalized tonic–clonic seizures. Responder rates were consistent at 6 and 12 months (n = 

66 and n = 43, respectively). Median seizure days per month decreased from 10.0 to 3.0 in the 3-

month period before and after FFA treatment. During FFA treatment, 35 (45%) patients could 

discontinue a concomitant ASM. At the last FU date, 66 (85%) patients remained on treatment with 

FFA. Forty-eight (62%) patients were reported as having a meaningful global clinical improvement. 

FFA demonstrated efficacy in a clinically significant reduction in convulsive seizures and was well 

tolerated.  168 

Another study 169 explored the relationships between reduction in convulsive seizure frequency and 

everyday executive functions (EFs) in a population of children and young adults with DS treated with 

adjunctive FFA for 1 year and suggested that substantial reduction in convulsive seizure frequency 

over extended periods of time could be important for improving everyday EF, in particular emotion 

regulation and management of cognitive function. This was the first study to highlight a positive 

association between ASM use and everyday EF in a DS population characterized by high seizure 

burden at baseline. 
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3.3 FFA PHARMACODINAMICS 

FFA is a synthetic monoamine deriving from amphetamine and it consists of a racemic mixture: 

dexfenfluramine (d-fenfluramine), which promotes serotonin (5-HT)-mediated neurotransmission; 

and levofenfluramine (l-fenfluramine) which can suppress dopaminergic transmission. 170,171  D-

fenfluramine and its enantiomers have been used in the past to help obese patients to adhere a diet and 

to maintain the weight loss achieved.172  This is due to the fact that d-fenfluramine might resect the 

balance between 5-HT release and the stimulation of 5-HT2c receptors, which have a role in controlling 

food intake and satiety. 170 

D-Fenfluramine acts through a carrier-dependent mechanism to release 5-HT by disrupting the 

vesicles storage of 5-HT and by inhibiting its re-uptake from the synapse, leading to an increase of 5-

HT concentrations in the synaptic cleft and causing functional changes secondary to enhanced 

serotoninergic neurotransmission. 173 

FFA is metabolized into norfenfluramine (nor-FFA), which shows greater affinity and agonist activity 

at serotonin 5-HT2 receptors than FFA. 174 

Pre-clinical 175 and clinical studies demonstrated a seizure improvement with selective 5-HT reuptake 

inhibitors 176 , suggesting that elevated 5-HT levels have beneficial effects on focal and generalized 

seizures: noradrenergic and serotonergic deficiencies contribute to seizure predisposition; indeed, the 

antidepressants have the potential to overcome seizure predisposition in epilepsy. 177 These 

considerations explain why racemic FFA was an ASM that primarily affected the serotoninergic 

system.  
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FFA explicates anti-epileptic activity as an agonist towards 5-HT
1D and 5-HT

2C receptors, while the 5-

HT
2B receptor is not involved in anti-epileptic activity, and the role of the 5-HT

2A receptor is not clear 

178.  

A recent study indicated that seizure-induced sudden death could be prevented by 5-HT4 receptor 

agonists either alone or in combination with FFA: the action of FFA to prevent SUDEP in DBA/1 

mice is mediated primarily by activation of 5-HT4 receptors. 179 

Other mechanisms involving σ1-receptors (σ1-R) contribute and potentiate the effect of direct 5-HT 

receptor agonists: σ1-R are a group of chaperones that exert a neuro-modulatory effect on other 

neurotransmitters involved in the excitatory or inhibitory processes linked to the initiation or 

maintenance of a seizure (e.g., glutamate and GABA). 180–182  A σ1-R antagonism by FFA was 

suggested by a SCN1A mutant Zebrafish model 178 and this was later confirmed in a mouse model 

with induced seizures: FFA and nor-FFA disrupted the regulatory association of the σ1R with NR1 

subunits of glutamate N-methyl-D-aspartate receptors (NMDAR). The antagonists removed σ1R 

bound to NMDAR NR1 subunits enabling calcium-regulated calmodulin (CaM) to bind to those 

subunits: CaM may inhibit calcium permeation through NMDARs. The convulsive syndrome 

promoted by NMDAR overactivation could be prevented by serotoninergic activity of FFA at 5-HT2AR 

and at 5-HT2CR, in addition with its activity at σ1Rs. FFA enhanced the inhibitory coupling of G 

protein-coupled receptors such as 5-HT1AR and cannabinoid type 1 receptor with NMDARs, thus 

allowing the more effective restrain of NMDAR activity, avoiding the negative side effects of direct 

NMDAR antagonists and improving the QoL of patients.  182 

Interestingly, a recent study illustrated that FFA activity at 5-HT receptors is complemented 

synergistically by functional activation of σ1R in vitro and ex vivo, as well as in vivo. These effects 
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are concentration-dependent and may be responsible for the profound and long-lasting efficacy but 

also for executive function improvement in the treatment of seizures in children and young adults with 

DS. 183 

Additionally, FFA might be involved in the inhibition or stimulation of the NPY mRNA expression. 

184,185  NPY is known to have anti-seizure effects in animal models 186,187 , so FFA could protect against 

seizures also trough the NPY action. 188 

 

3.4 FFA PHARMACOKINETICS, DRUG INTERACTIONS 

The absolute bioavailability of FFA administered as an oral solution is approximately 75-83% 155 and 

it is not affected by concomitant intake of food. 189 

FFA pharmacokinetics appear to be dose proportional over the 0.35 to 0.7 mg/Kg/day single dose 

range; nor-FFA plasma concentration increases less than proportionally with increasing dose 155.  

FFA is partially converted in vivo to active metabolites d(+)- (6)- and l(−)-(1)-nor-FFA, by 

cytochrome P450 (CYP) 1A2, CYP2B6, and CYP2D6, with additional metabolism by CYP2C9, 

CYP2C19, and CYP3A4. Metabolic interactions with other drugs might be minimized thanks to this 

extensive metabolism involving different CYPs. 190,191 Both FFA and nor-FFA are about 50% bound 

to plasma proteins. 192 

No significant differences were found between plasma levels the two enantiomers: they are detectable 

1-2 hours after ingestion of the parent drug and reach maximum plasma concentrations in 4 hours and 

their AUC values are comparable. The half–life of FFA in plasma estimated after a single dose by 
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using a non-enantioselective assay is about 20 h, whereas the half-life of nor-FFA in plasma is longer, 

with mean reported values of 24 to 48 h. 189,192  Steady state is usually reached after 3–4 days of 

treatment. 191 

The fraction of the dose excreted in urine as unchanged FFA and nor-FFA is about 6 to 24%, it 

decreases with alkalinization of urine and increases when urine is acidified. 193 

 

FFA has no significant effect on the PK of VPA, STP, CLB: no dose adjustments are needed for these 

ASMs which are commonly prescribed in subjects with DS. However, a moderate interaction is 

present when FFA is used in combination with the STP regimen (STP, CLB, and VPA administered 

together), and thus, an adjustment of the FFA dosage is recommended in an STP regimen.  190 

FFA is partially metabolized by CYP1A2, CYP2B6, and CYP2D6, with additional metabolism by 

CYP2C9, CYP2C19, and CYP3A4. STP is reported to be a strong inhibitor of CYP2C19 and CYP3A4 

as well as CYP1A2, CYP2C9, and CYP2D6. 194,195 Because FFA is a substrate for some of these 

CYP450 enzymes, the inhibition of these enzymes by the STP regimen could result in increased levels 

of FFA due to reduced metabolism of FFA to nor-FFA, which is not a strong substrate for any CYP450 

enzyme.  

The administration of other drugs that modulate the activity of CYP450 isozymes could not affect the 

clearance pathway of FFA because it is characterized by renal elimination. Interference with a single 

pathway is unlikely to cause a large change in FFA clearance, since FFA has multiple pathways of 

elimination.   196,197 
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Zogenix data indicate that no clinically relevant drug-drug interactions or dose alterations are likely 

with combination FFA and CBD based on in vitro drug-drug interaction and preliminary Phase 1 

results. 198 

 

3.5 ADVERSE EVENTS  

The main AEs related to FFA are anorexia, diarrhea, fatigue, sedation, lethargy, vomiting, 

nasopharyngitis, and pyrexia, but they are generally mild and transient and there is a degree of dose 

dependency. 199 162     

When FFA was used as appetite suppressant, its dosages were higher (60–120 mg/day) and there had 

been reports of an increased incidence rate of pulmonary hypertension and heart valve disease. 

Recent studies demonstrated that at the treatment dosages used in the management of individuals with 

DS (0.2–0.7 mg/Kg) no cardiovascular AEs occur and only a minority of individuals experimented a 

moderate weight loss.  200 201                                                       

A long-term follow-up of FFA in DS highlighted that efficacy and safety of FFA appears to be 

maintained also in adulthood and no clinical symptoms or clinically meaningful echocardiographic 

findings of cardiac valvulopathy or pulmonary hypertension were seen in the patients. 199 

Despite the risk of developing valvulopathy related to FFA seems correlated with its dosage, 

mandatory annual cardiac screening while on FFA therapy has been suggested by the FDA.  
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A recent study demonstrated that the treatment with FFA in patients with DS has no long-term effects 

on weight and growth. 202 
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4.THERAPEUTIC DRUG MONITORING AND VAMS 

MICROSAMPLING 

4.1 THERAPEUTIC DRUG MONITORING 

Therapeutic drug monitoring (TDM) represents an important tool in the clinical practice, guiding the 

dosage regimen to maintain drug levels in therapeutic ranges. TDM implies the measuring of patient’s 

blood or plasma drug levels at the specified time, it enables the assessment of certain drugs’ efficacy 

and safety trough combining pharmaceutical, pharmacokinetics, and pharmacodynamic notions. 203 

204 In polypharmacy, TDM can prevent drug interactions by guiding dose adjustments and minimizing 

toxicity. 205 

TDM has been applied mainly to the first-generation ASMs (CBZ, PB, phenytoin, primidone, and 

VPA) and in the last years also the newer ASMs plasma levels have been monitored through TDM. 

206 , 207 

In patient with DRE, it has been demonstrated that TDM improves seizure control and reduces ASMs 

AEs. 208 

The correlation between clinical effect and serum/plasma concentration could be negatively 

influenced by factors including tolerance of the drug, irreversibility of drug action and active 

metabolites. For drugs with active metabolites, such as CBD, TDM can include measurement of the 

concentrations of both parent drug and its metabolites.  
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4.2 VAMS MICROSAMPLIG 

Miniaturized sampling approaches allow blood collection in an easier and less invasive way than 

conventional sampling, which are performed through intravenous blood collection.  

Volumetric absorbitive microsampling (VAMS) are porous hydrophilic tips used to collect 10-30μL 

of blood sample directly from a finger prick. This technique is well tolerated by patients, it guarantees 

the result avoiding the effect of hematocrit on the analytical performances and the shipment process 

is very simple. 209 210 211  

VAMS devices successfully applied to several quantitative TDM methods, including ASMs. 212 A 

recent study evaluated VAMS in combination with liquid chromatography coupled to tandem mass 

spectrometry (LC-MS/MS) for the quantification of CBD blood levels to be used in clinical practice 

to personalize the cannabis-based treatment of DRE: it demonstrated that VAMS can be used as a 

valuable support for patients with refractory epilepsy allowing control of CBD concentrations and 

dosage regulation, minimizing interindividual pharmacokinetic and pharmacodynamic problems, 

obtaining an effective personalized treatment and better control of therapeutic adherence. 206 

An adjunctive actual advantage of VAMS technique is that the patient can do the procedure at home, 

allowing TDM during the COVID-19 pandemic, which required quarantine. 213 
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5. AIM OF THE STUDY  

We aimed to evaluate the efficacy and tolerability of the combined treatment of purified GW 

Cannabidiol (Epidiolex®) and Fenfluramine (FFA) (Fintepla®) in children and adults with highly 

refractory DS. The need for concomitant ASMs dose-adjustments and the effect on other “areas” (e.g., 

overall QoL) during treatment was evaluated as well.   
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6. PATIENTS AND METHODS 

6.1 PATIENTS’ SELECTION 

Children and adults with drug-resistant DS were recruited within the NETRE (Network for Therapy 

in Rare Epilepsies) from European tertiary pediatric Centres. Patients received add-on treatment with 

GW purified Cannabidol (CBD) up to 25 m/Kg/day and FFA up to 0.7 mg/Kg/day or 0.4 mg/Kg/day 

if in concomitant treatment with STP, as per EMA guidelines. Written informed consent was provided 

by patients or their parents/caregivers. The study was conduct following the Good Clinical Practice 

guidelines and local standard operating procedures.  

Clinical and treatment data (ASMs tried and efficacy, age at the beginning of the combined therapy, 

duration of the therapy) were recorded during the study through a structured clinical sheet addressed 

to the referring clinicians. Concomitant ASMs were recorded at baseline and during all the treatment 

period. CBD, FFA, and concomitant ASMs doses modification, as well as adding/removing co-ASMs, 

were allowed as clinically indicated. 

 

6.2 ASSESSMENT OF EFFECTIVENESS AND TOLERABILITY 

Seizures were defined as generalized (tonic, clonic, tonic-clonic, atonic, myoclonic, absences, or 

myoclonic-absences) or focal-onset seizures with or without impaired awareness basing on the criteria 

provided by the ILAE.  214 
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A seizure diary was provided to patients’ parents/caregivers and seizure frequency was provided per 

week since the baseline visit and efficacy outcome were assessed at follow up. Weekly seizure 

frequency was converted to frequency per 28 days (weekly frequency × 4). Percentage change in 

seizure frequency for each patient was calculated as ([seizure frequency per 28 days] − [seizure 

frequency at baseline]) / [seizure frequency at baseline] × 100.  

Outcome analysis was based on the clinical information collected during their latest visit. Seizure 

endpoints were the percentage of patients with ≥50% (responders) or >25% <50% (partial responders) 

reduction in seizures, and the mean number of seizure-free days as compared to baseline.  

Improvements in concentration, sleep, behaviour, speech, walking and other relevant aspects of the 

QoL were analyzed as self-reported secondary outcomes.  

AEs were classified using the Medical Dictionary for Regulatory Activities (MedDRA, version 22.0).  
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7.RESULTS  

7.1 CLINICAL FEATURES OF THE COHORT  

A total of 12 patients (5 females) were enrolled. The mean age at epilepsy onset was 5.6 months 

(range, 3-11 months). More accurate demographic and clinical features are shown in Table 1.   

Overall, the mean age at the beginning of the combination treatment was 12 years (range, 1.1-31 

years). Mean CBD dose was 12.14 mg/Kg/day (range, 2-24 mg/Kg/day) and mean FFA dose was 0.44 

mg/Kg/day (range, 0.2-0.75 mg/Kg/day). Ten out of twelve (83%) patients started CBD before FFA, 

while 2/12 (17%) started FFA before CBD. 

The mean time under treatment combination was 14.3 months (range, 3-25 months). At baseline, the 

mean number of concomitant ASMs was 2.4 (range, 1-4). Concomitant medications were: CLB 

(83%), VPA (75%), potassium bromide (KBR) (25%), STP (25%), perampanel (PER) (8%), BRV 

(8%).  

All the subjects (100%) presented a confirmed pathogenic variant in the SCN1A. 
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Mean age (years), range 12 (1.1-31) 

Sex M (%), F (%) 7 (58%), 5 (42%) 

Mean age (months) at seizure onset, range 5.6 (3-11) 

Mean treatment duration (months), range 14.3 (3-25) 

Mean CBD dosage mg/Kg/day, range 13 (2-24.5) 

Mean FFA dosage mg/Kg/day, range 0.44 (0.2-0.75) 

Mean number of concomitant ASMs, range 2.4 (1-4) 

Mean monthly frequency of seizures, range 35.58 (4-72) 

Table 1. Patients baseline demographic and clinical features 

 

7.2 PRIMARY OUTCOMES 

7.2.1 EFFECTIVENESS 

At baseline, the mean monthly frequency of total seizures was 35.58 (range, 4-72), while at FU,  it 

was 9.7 (range, 0-57), demonstrating a seizure reduction of 71%  (Figure 2). 

Two out of twelve (17%) patients became seizure-free, whereas 6/12 (50%) patients achieved a seizure 

reduction of more than 50%. Two out of twelve (17%) patients achieved a seizure reduction of more 

than 25% but less than 50%, 2/12 (17%) patients achieved a seizure reduction of less than 25%. 

Patients considered responders resulted 8/12 (67%) while patients considered partial responders were 

2/12 (17%). (Figure 3). 
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Figure 2. Mean monthly total seizure frequency at baseline compared to FU 
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Figure 3. Responders rate 

 

Seizure types included: generalized tonic-clonic seizures (GTC) (92%), myoclonies (50%), focal 

(42%), absences (25%), atonic (8%), hemiclonic (8%), eyelid myoclonia (8%), dialeptic (8%), drops 

(8%), GTC status (8%), non-convulsive status (8%), myoclonic status (8%), and hemiclonic status 

(8%). 

Mean monthly seizure frequency for different type of seizure before combination therapy was: 6.11 

for GTC, 18.4 for myclonies, 8.26 for focal, 10.67 for absences, 20 for atonic, 4 for hemiclonic, 28 

for eyelid myoclonia, 28 for dialeptic, 3 for drops, 15 for GTC status, 4 for non-convulsive status, 20 

for myoclonic status, 2 for hemiclonic status.  

seizure-free

seizure reduction ≥ 50%

25% < seizure reduction < 50%

non responders
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Mean monthly seizure frequency for every type of seizure at FU was: 2,27 for GTC, 8.16 for 

myoclonies, 2 for focal, 0,67 for absences, 0 for atonic, 1.5 for hemiclonic, 0 for eyelid myoclonia, 28 

for dialeptic, 1 for drops, 0 for GTC status, 0 for non-convulsive status, 0 for myoclonic status, 1 for 

hemiclonic status. (Figure 4).  

 

 

Figure 4. Mean seizure frequency for every type of seizure  
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No significant difference in achieving the responder status was found between patients co-treated with 

CLB and the one not taking CLB.  

At baseline, mean longest seizure-free interval was 15 days (range, 0-112 days). At FU, mean longest 

seizure-free interval was 54.25 days (range, 2-168). (Figure 5) 

 

Figure 5. Seizure-free intervals at baseline compared to FU 
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7.2.2 TOLERABILITY 

Overall, the most common AEs were represented by weight loss in 4/12 (33.3%) patients (then 

resolved in one case), tremor in 3/12 (25%), and irritability and facial tics in 1/12 (8.3%). None of the 

AEs have been classified as serious and none of the patients had to stop the treatment due to AEs. No 

thrombocytopenia (i.e., platelets count <140.000/microliter) or cardiac involvement were reported. 

(Table 2). 

 

Overall AEs rate, n (%) 8 (67%) 

Overall serious AEs rate, n (%)  0 (0%) 

AEs leading to CBD+FFA discontinuation, n (%) 0 (0%) 

Weight loss, n (%) 4 (33.3%) 

Tremor, n (%) 3 (25%) 

Irritability and facial tics, n (%) 1 (8.3%) 

Table 2. Summary of all reported AEs 
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7.3 SECONDARY OUTCOMES 

In ten out of twelve (83%) patients better concentration was observed, while in 6/12 (50%) a better 

behaviour was reported. Two out of twelve patients (17%) demonstrated better speech, 2/12 (17%) 

patients achieved better posturing and 2/12 (17%) patients improved their ability to walk.  (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Percentage of patients who achieved an improvement in each outcome  
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7.4 CONCOMITANT ASMs DOSE-ADJUSTMENTS DURING THE TREATMENT  

Seven out of twelve (58%) patients could reduce the dosage of other concomitant drugs after the 

combination of CBD+FFA, and 6/12 (50%) patients could stop one or more concomitant ASMs. 

(Figure 7). 

One patient could reduce CLB dose by 50%. In one patient a withdrawal of KBR, a reduction of CLB 

by 30% and VPA by 50% were reported. In one patient VPA was reduced by 50%. In one patient 

CLB was decreased from 6 mg/day to 4 mg/day. In one patient, after FFA was added to the treatment, 

CBD could be decreased from 21 mg/Kg/day to 8.3mg/Kg/day and seizures relapsed when they tried 

to discontinue it while TPM was discontinued without a seizure relapse and CLB slightly increased. 

One patient stopped PER and reduced KBR. One patient stopped KBR. One patient stopped STP. One 

patient stopped TPM and reduced STP. One patient reduced STP. In two patients rescue medications 

were no longer needed.   
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Figure 7. Concomitant ASMs dose-adjustments during the combination therapy  
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8.DISCUSSION 

Therapeutic paradigm for DS recommends avoiding sodium channel blockers and considers VPA as 

first-line agent. VPA can decrease the number of seizures and the severity (duration) of the subsequent 

seizures, but the patients rarely become seizure-free. CLB represents and alternative first-line agent, 

in particular according to American guidelines. Second-line choices include STP in combination with 

VPA and CLB, TPM and KD. The most recent 2021 guidelines reviewed by Cardenal-Munoz also 

include CBD and FFA as possible second-line treatment. Third-line strategy includes CLZ, LEV, 

ZNS, ESM, PB or VNS. 67 

Seizures but also comorbidities (ataxia, premature death, language and motor development delay, 

cognitive impairment, sleep disorders, and SUDEP) represent an important burden for patients with 

DS. It is evident that optimizing therapeutic strategy is fundamental, also because an increased amount 

of ASMs could lead to an increased risk of AEs.  

For these reasons, we aimed to investigate a new possible therapeutic option for DS, consisting in the 

combination of two recent ASMs for DS: CBD and FFA.  

Our study shows that mean monthly total seizures frequency was 35.58 at baseline and 9.7 at FU, 

demonstrating that the combination therapy led to a reduction of 71% of total seizures per month. A 

high efficacy of the combination treatment on seizures was also proved by the fact that ten out of 

twelve (83%) patients responded to the treatment. 
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Secondary outcomes included better concentration (83%), better behaviour (50%), better speech 

(17%) and posturing (17%), improved ability to walk (17%): these results appear to be interesting 

concerning the improvement in the QoL that patients could achieve with the combination treatment. 

Retention rate is a combined measure of effectiveness and tolerability aiming at evaluating how many 

patients stay on treatment in a given time-period. During the FU period, 100% of the patients of our 

cohort, with at least one month of treatment, remained on CBD+FFA.  

Regarding tolerability, is important to highlight that the combination treatment did not induce serious 

AEs, none of the patients had to stop the treatment. 

Interestingly, 7/12 (58%) patients reduced the dosage of other concomitant drugs after the 

combination of CBD+FFA and 6/12 (50%) patients stopped one or more concomitant ASMs. 

In particular, among the four patients who were taking STP, this drug was reduced in 2/4 (50%) and 

stopped in 1/4 (25%) patients: this might be an interesting outcome since the combination of FFA and 

STP could lead to weight loss.  

The combination therapy of CBD+FFA could be an effective and well tolerated therapeutic option for 

patients with DS, and further FU might confirm this.   
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9.CONCLUSIONS 

In conclusion, our study demonstrates the effectiveness and tolerability of CBD+FFA in highly 

refractory DS patients, also without the concomitant use of CLB. We report a significant reduction in 

total monthly seizures, longer seizure-free intervals as well as an improvement in concentration, 

behaviour, speech, posturing, walking of patients taking CBD+FFA. Interestingly, during the 

combination treatment, some patients were allowed to interrupt or decrease the dose of some other 

concomitant medications, indicating the efficacy of these new ASMs.   
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10. PERSPECTIVES 

In view of a personalized treatment for DS, which is rare between diseases but frequent between 

DEEs, gene therapy could hopefully prevent DS evolution by directly relieving the specific genetic 

defect and possibly change the treatment paradigm for this condition.  

Some major limitation could prevent the clinical application of gene therapy that is still set at the in-

animal level for DS: the injection strategy is generally intrathecal, which represent a quite invasive 

approach requiring collaboration with experienced neurosurgeons and repeated interventions. Another 

great issue is the possibility of off-target editing, which may cause eventual disruption of gene 

function and permanent DNA alterations. 215,216 

The results and the course of the already applied gene therapies on other genetic conditions (e.g., 

spinal muscular atrophy) will provide results to really assess the effectiveness and the long-term safety 

and tolerability of this approach.  

It is reliable that new strategies to deliver the genetic material into cells (with highly efficient target 

selection) will be prompted in the next few years, together with more practical administration routes 

for patients.  
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Ringrazio Marco e tutta la sua famiglia: non dimenticherò mai ciò che abbiamo condiviso, la gioia 

contagiosa dei nipotini, i racconti di Paolo e i gesti premurosi di Sandra.  

  

Grazie ad Elena, Andreea, Marika, Elena e Chiara, sono fiera delle persone che siete e dell’amicizia 

preziosa che coltiviamo da tanti anni: in qualsiasi parte del mondo siate, so di poter sempre contare 

su di voi. Il bene che vi voglio non vede confini, ma solo luminosi orizzonti da perseguire insieme. 

Grazie anche a Guido, Stefano ed Esu, anime buone e sempre pronte a strapparmi una risata. 

  

Ringrazio gli amici conosciuti in università e con cui spero di continuare a crescere: Margherita, 

inesauribile fonte di entusiasmo in ogni giorno di questi sei anni, tra aule studio anche a distanza in 

quarantena e sorellanza; Ginevra, coinquilina e confidente d’eccezione, compagna di ripetizioni 

dall’ora della sveglia all’ora in cui andare a dormire, ma anche di allenamenti rigeneranti e molto 

altro; Giulia, per l’incredibile sintonia che ci unisce in tutto e si riflette nella precisa organizzazione 
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sia degli esami che dei viaggi insieme, compiuti e da compiere; Virginia, travolgente e delicata brezza 

fresca, è per me una dinamica fonte di brillante innovazione; Erica, che splende di saggezza e tenacia, 

ed è sempre un piacere analizzare noi stesse e la realtà che ci circonda camminando insieme per ore; 

Sara, amica allegra e profonda, che ha sempre in serbo una battuta e un dolce consiglio; Gaia, saggia 

ed energica spalla sempre presente, per i nostri caratteri complementari che ballano insieme; Matteo, 

per lo stile di vita sano che apprezziamo e la fiducia che nutro nei tuoi confronti; grazie ad Arianna e 

Nicolò per aver alleggerito questi anni con la vostra ironia, gli spunti di riflessione ed il costante 

supporto reciproco; grazie anche ad Andrea e Francesca per le chiacchiere e le risate. Siamo un gruppo 

stupendo e ci auguro di continuare ad esserlo. 

  

Ringrazio Giacomo, spirito altruista e pacato, per l’allegria e la melodia che trasmette alle mie corde 

anche quando sono tese, e per condividere con me riflessioni e progetti volti a fare del bene al 

prossimo. 

 

Grazie all’Università di Genova e a questa città che è diventata casa, grazie a tutti i compagni con cui 

ho scambiato due chiacchiere confortanti prima di un esame oppure un sorriso dentro o fuori le aule.  

  

Infine, ringrazio me stessa per aver affrontato questo percorso con passione, dedizione, empatia e 

curiosità: caratteristiche fondamentali del Medico che mi auguro di essere. Sono stati anni densi di 

sacrifici, ansia e rinunce, ma anche di apprendimenti e soddisfazioni. Sono orgogliosa di questo 

traguardo e della professione che mi accingo ad esercitare.  

A tutto quello che è stato, a tutto quello che sarà. 
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