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Abstract: Lennox-Gastaut syndrome (LGS) is a severe, childhood-onset, developmental epileptic

encephalopathy, with different etiologies and co-morbidities. Seizure treatment in LGS represents

a major challenge; new antiepileptic drugs (AEDs) are developed to especially address seizures

resulting in high morbidity and mortality, such as drop seizures. Rufinamide (RFN) is one of the

latest AEDs licensed for patients with LGS. Its mechanism of action involves sodium channels in

a way that is unrelated to other AEDs. Here we discuss the use of adjunctive RFN in children and

adolescents with LGS and its efficacy and safety profile, based on a systematic literature review.

RFN shows a very favorable profile in terms of adverse events and drug-interactions in children. It is

particularly effective on tonic-atonic seizures and spasms, impacting on the quality of life of the

patients. Further studies are needed to clarify the interaction profile with the newest AEDs for LGS

and to assess correlations between the etiology of LGS and drug response to individualize treatment

and maximize efficacy.
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Introduction
Lennox-Gastaut syndrome (LGS) is a severe, childhood-onset, developmental epileptic

encephalopathy characterized by the triad: drug-resistant epilepsy (featuring tonic,

atonic, and atypical absence seizures), intellectual disability, and EEG abnormalities

(diffuse slow spike-and-wave complexes and fast activity bursts).1,2

Lennox-Gastaut Syndrome may have different underlying causes, identifiable in

almost two-thirds of patients. The etiology ranges from infectious causes, vascular or

traumatic brain damage, congenital brain malformations, to genetic disorders or meta-

bolic diseases.3

Besides seizures, LG syndrome carries a burden of cognitive impairment, which

often worsens over time, alongside with behavioral and psychiatric problems, and

motor impairment, based on the underlying cause.3 Drug-resistant epilepsy heavily

influences the quality of life of the patient and the family, increasing the risk of

morbidity and mortality, and minimizing the developmental potential.

Anti-seizure treatment in LGS usually includes a combination of different antiepilep-

tic drugs (AEDs):4 valproate (VPA), lamotrigine (LTG), and topiramate (TPM) are often

first-line drugs, whereas second-line options include levetiracetam (LEV), clobazam

(CLB), zonisamide (ZNS), and rufinamide (RFN).3 Despite new AEDs are becoming

available for the seizure treatment in LGS, this remains a big challenge for epileptologists.

Here, we review the therapeutic role of rufinamide in pediatric LGS patients.
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Literature Search
We reviewed the papers (English language only) on rufina-

mide treatment in children and adolescents with LGS through

a Literature search on PubMed until September 2019. The

terms “rufinamide” and “Lennox-Gastaut” were used in this

systematic search. We included randomized controlled trials

(RCTs), case reports, and open-label studies. Moreover, we

searched for additional articles through review of the refer-

ence lists of published reviews. Overall, 23 papers were

found eligible out of 333 search results (Table 1).

Rufinamide: Pharmacodynamics
and Pharmacokinetics
Rufinamide (1-[2,6-difluorobenzyl]-1H-1,2,3-triazole-4-car-

boxamide) was developed in the late 90s as a triazole

derivative.5 However, it was designed only in 2017 as an

orphan drug for adjunctive therapy in LGS in EU and US,

following a large RCT.6

From in vitro and in vivo studies, RFN exhibits

mechanisms of action unrelated to the other AEDs, mainly

limiting sodium-dependent action potentials7 (Figure 1).

At therapeutic range, RFN prolongs the inactivation phase,

thus suppressing neuronal hyper-excitability; however, it

was proved to directly inhibit the activation of Nav1.1

(encoded by SCN1A).8 At increased concentrations, RFN

also inhibits the human recombinant metabotropic gluta-

mate receptor subtype 5 (mGluR5).9 No effects are

reported on benzodiazepine, adrenergic, tryptophan, hista-

mine or cholinergic receptors.9

RFN is administered orally, with different starting and

maximum recommended dosages based on patient’s age,

weight and VPA co-medication. In children younger than 4

years, the drug should be started at 10 mg/kg/day, at the

maximum dose of 45 mg/kg/day, or 30 mg/kg/day if

combined with valproate. In patients older than 4 years,

the starting dose is 200 mg per day, with the maximum

dose depending on the weight (more or less than 30 kg)

and the VPA intake.10

Rufinamide shows a non-linear pharmacokinetics and

its oral bioavailability is 85% at lower doses.11 The

absorption is not directly proportional to the dosage; how-

ever, food intake increases bioavailability and peak plasma

concentrations, which are reached within 6 hrs.10

About 30% of plasma RFN binds to human serum

proteins, almost entirely to albumin,10,11 minimizing the

risk of displacement of other protein-bound compounds.

The therapeutic mean plasma concentration of RFN is

estimated 15–30 mg/L.9 Half-life is between 6 and 10

hrs. Main metabolic pathways in the liver are hydrolysis

of the carboxylamide group and oxidative cleavage at the

benzylic carbon atom,11 without the involvement of cyto-

chrome P450.10 The greatest part of the metabolites (inac-

tive) are excreted in urines.

RFN pharmacokinetics is not influenced by sex, renal

impairment, or old age; however, children exhibit a lower

clearance compared to adults and, in children 1–4 years

the dosage must be calculated as mg/kg/day.9,10

RFN has no inhibitory activity on cytochrome P450

enzymes, but shows a modest induction of CYP3A4,

which may decrease the levels of its pharmacological

substrates. In the retrospective population pharmacokinetic

analysis of pooled data from Phase II/III placebo-

controlled studies, RFN have been shown to increase

around 15% the clearance of carbamazepine (CBZ),

LTG, phenytoin (PHT), and phenobarbital (PB), especially

in children.9 Other medications should also be considered,

e.g. oral contraceptives, olanzapine.10 Therefore, therapeu-

tic drug monitoring should be performed on the concomi-

tant medications, especially in case of a narrow therapeutic

index.

On the other hand, RFN levels are not modified by

concomitant LTG, TPM, and benzodiazepines, while CBZ,

PHT, PB, vigabatrin, and primidone reduce by 25–46% the

RFN plasma concentrations, particularly in children.9

VPA increases RFN plasma concentrations at an extent

that can reach 70% in children, probably due to inhibition

of the metabolizing enzymes: a careful dosage adjustment

is needed in case of young children, weighting less than

30 kg, and the maximum dose cannot exceed 30 mg/kg/

day.10 RFN is characterized by an overall favorable inter-

action profile compared with the older AEDs.

Profile of Rufinamide in Children
with LGS
Results of the literature search are summarized in Table 1.

Efficacy Data
Rufinamide has proven to be particularly effective in LGS

when compared with other syndromes and unspecified

drug-resistant epilepsies, with seizure reduction rates

(<50%) ranging from 26% to 65% among all the

studies.4,6,12–31 In particular, LGS takes the best advantage

from RFN than Dravet Syndrome does,12,32 which may be
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explained by the RFN’s inhibitory action on voltage-gated

sodium channels.33

All but one13 reviewed studies show a meaningful

difference in terms of efficacy in different seizure types

subgroups. Drop-attacks, spasms, and tonic seizures show

the highest response rates reaching 73%, 99% and 50%

reduction.12,14 On the other hand, focal seizures have

a much more “fluctuating” response showing only

a 26.0% reduction in two studies;15,16 whereas in

another17 the response to RFN is good (46.7% of patients

with >50% response rate). However, many of the seizure

types mentioned may have an unrecognized focal onset,

and the studies do not always clarify the semiology (motor

vs non-motor) of the “focal” seizures analyzed. Therefore,

the efficacy data per seizure type must be taken cautiously.

In summary, RFN has an overall excellent effect on sei-

zures that may potentially lead to a fall, having a great

benefit on the morbidity of the patients.

We evaluated whether there is a correlation between

the efficacy of RFN and the patients’ age range. In fact,

a prospective, open-label, add-on treatment study18

reported rufinamide to be best effective in patients aged

8–11 and 12–18 years. Whereas no statistical difference

between age subgroups is found in another prospective,

add-on, open-label, multicenter study.19 This may be due

to the different initial characteristics of patients included in

the studies: DR epilepsies with altered neuronal migration

on CT/MRI (comprising 19 LGS) and only LGS.

Most of the clinical studies evaluating RFN in LGS

rely on “drop seizures” frequency to evaluate the efficacy,

as these are easily countable and less prone to misinter-

pretation by the caregivers. However, LGS is characterized

by many different seizure types, which still influence the

patient’s quality of life and developmental potential. In the

effort to better assess the total seizure burden in LGS,

other endpoints have also been developed and used to

evaluate the therapy impact. In a post hoc analysis,34 the

quality of life (QoL) endpoint was introduced, evaluating

seizure-free days in rufinamide vs. placebo. Patients trea-

ted with adjunctive RFN reported a mean number of

seizure-free days 42.2% greater than in placebo group.

This important endpoint can assess the actual impact of

a medication on the everyday life of patients and care-

givers, in terms of days that can be proficiently spent for

social, cognitive and motor development.

LGS has a heterogeneous range of etiologies. Studies

correlating the etiology and the AEDs response in LGS are

lacking. An attempt was made by a study which recruited

a more or less homogeneous population with disorders of

neuronal migration, and obtained a response rate of 62.3%;

however, rufinamide response was not significantly differ-

ent in focal vs. bilateral diffuse neuronal migration

disorder.18

A large retrospective study20 analyzed possible corre-

lations in patients with drug-resistant epilepsies, 45% with

LGS. Patients with LGS, a history of encephalopathy or

tonic/atonic seizures reached the best seizure reduction in

the group (seizure reduction >50% in 36.9%). The study

did not identify any significant correlation between the

etiology type and outcome. However, patients with struc-

tural malformation of cortical development achieved

a 40% in response rate; patients carrying mutations in

DEPDC5, KCNQ2, MMACHC, SPATA5 genes achieved

>90% of seizure reduction; one patient with SCN8A and

2 with focal cortical dysplasia were seizure-free. On the

other hand, the patient with Dravet syndrome experienced

a worsening of seizures.20 More studies are needed to

clarify whether some etiologies may have a better response

to RFN than others, in the wake of an individualized

approach to therapy.

Treatment-Related Adverse Events
The majority of available studies evaluated rufinamide effi-

cacy in a period <3 years. The discontinuation rate in both

retrospective and prospective studies is up to 15%, and is due

to worsening seizures or severe but rare adverse events

(AEs). However, the short and variable follow-up period

among the reviewed studies constitute a bias.

The common reported AEs were vomiting, decreased

appetite, somnolence, upper respiratory tract infections,

mood changes, followed by constipation, diarrhea, seizures,

drowsiness. Rash, headache and loss of coordination were

reported as overall rare. In a recent Cochrane review of six

Figure 1 Putative mechanisms of action of rufinamide at increasing plasma

concentrations.
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randomised, double-blind, placebo-controlled trials the

adverse events significantly associated with rufinamide were:

headache, dizziness, somnolence, vomiting, nausea, fatigue

and diplopia.35 After post-marketing analyses, we have

a more comprehensive view of the side effects and their

epidemiology, as reported in Table 2, however real-world

data are still lacking.

The side effects concerning the digestive system, e.g.

vomit and decreased appetite, are usually mild and does

not lead to discontinuation. Weight loss is also com-

monly reported; however, in adults and adolescents,

this side effect seems to be linked with a longest expo-

sure to RFN.

The rash associated with RFN is usually mild, and only

anecdotic cases have been reported with drug rash with

eosinophilia and systemic symptoms (DRESS) syndrome36

and Stevens-Johnson Syndrome (SJS)37 associated to RFN

treatment. Aromatic anticonvulsants are especially linked to

anticonvulsant hypersensitivity syndrome (AHS),

a potentially life-threatening condition, and there is a high

degree of cross-reactivity among all these agents.38 RFN

structure includes an aromatic ring; thus, it cannot be

excluded that it can precipitate a serious reaction in

a patient with anamnesis of AHS; therefore, patients with

an history of AHS should avoid RUF, and skin rashes in

RFN treatment should be appropriately investigated.

RFN has the ability to significantly shorten QT-

intervals. While drug-induced QT-interval prolongation is

a known-risk factor for ventricular arrhythmias, the pro-

arrhythmic effect of shortening is uncertain; however,

a cardiologic follow-up is recommended in the patients

on long-term rufinamide treatment.39

Table 2 Overview of the Reported Adverse Events in Rufinamide Treatment

AEs Common Uncommon Rare

Central nervous system Somnolence; headache; dizziness; status epilepticus;

seizures; abnormal coordination; nystagmus;

psychomotor hyperactivity and tremor

Gastro-enteric trait Nausea; vomiting; upper abdominal pain; constipation;

dyspepsia and diarrhea

-

Eye Diplopia; blurred vision

Behavior Anxiety; insomnia Suicidal behavior

or ideation

Musculoskeletal system Back pain

Blood Anemia Lymphadenopathy; leukopenia;

neutropenia; iron deficiency

anemia; thrombocytopenia

Metabolism Anorexia; eating disorders; decreased appetite; weight

loss

Cardiovascular system Right bundle branch block; first degree

atrioventricular block

QT shortening

Skin/hypersensitivity Rash; acne DRESS1

SDS2

Genitourinary system Oligomenorrhea

Liver Hepatic enzymes increased

Immune system Pneumonia, influenza; nasopharyngitis; ear infections

sinusitis; rhinitis

Other Fatigue; gait disturbance; epistaxis Head injury;

contusion

Notes: 1Drug Rash with Eosinophilia and Systemic Symptoms. 2Stevens-Johnson Syndrome.
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From a meta-analysis of five randomized-controlled

trials,40 it seems that AEs associated with RFN are dose-

independent. Given the non-linear pharmacokinetics of

RUF, therapeutic drug monitoring should be performed

to assess the optimum range balancing efficacy and

adverse events individually.

Comedications
We reported the co-medications taken by ≥20% of patients

in each study reviewed (Table 1). VPA resulted the most

used AED across all reviewed studies, followed by benzo-

diazepines, LTG, TPM and LEV. There is no specific

combination of AEDs that seem to be more effective in

children with LGS when RFN is co-administered. Studies

evaluating the response of combination therapy per seizure

types and underlying etiology would be useful.

Recently, two new AEDs are under spotlight for the

treatment of LGS: highly purified pharmaceutical grade

cannabidiol (hpCBD) and fenfluramine (FFA). hpCBD

has already been approved by FDA and EMA as adjunc-

tive therapy in LGS;41 FFA proved to be effective in LGS

in an open-label study42 and a randomized placebo-

controlled trial is currently ongoing.43 hpCBD have been

proved to slightly increase the serum levels of RFN at

progressive doses,21 therefore, this effect should be con-

sidered when prescribing the two drugs, especially if CLB

or VPA are co-administered. FFA has been administered in

patients taking RUF; however, there are no data about

pharmacokinetic or pharmacodynamic interactions.42

Conclusions
LGS is clinical condition with many different underlying

etiologies, ranging from genetic causes to structural, infec-

tive, and unknown causes. Various co-morbidities are asso-

ciated, from cognitive to motor impairment. The available

therapies are mainly symptomatic, aimed at controlling sei-

zures and psychiatric co-morbidities, and do not impact sig-

nificantly on the natural history of the disease. Nevertheless,

seizure control represents a major challenge, and an effective

control can favorably impact on the quality of life. Most of

the available AEDs are applied in co-treatment in LGS, and

novel drugs are re-directed towards LGS, Rufinamide being

one of the latest. Both in randomized controlled trials and

open-label studies, Rufinamide have proven to be particu-

larly effective in reducing tonic-atonic seizures, and broadly,

seizures associated with falls in LGS. RFN shows an overall

very favorable profile of safety and tolerability, with mostly

mild side effects, and a good interaction profile with other

AEDs. These features have gained RFN a place in the

recommended second-line adjunctive AEDs in LGS.

However, pediatric population carries several peculiarities

in terms of pharmacokinetics and response to therapy com-

pared to adults. Therapeutic drug monitoring is recom-

mended when initiating RFN therapy, taking into account

a non-linear pharmacokinetics and the individual differences,

in order to identify the efficacious and tolerable range for this

promising drug. Future studies will clarify the place of RFN

alongside the newest emerging AEDs in terms of timing of

administration and co-medications.

The variability of etiologies in LGS is a challenge to

evaluate the treatment efficacy in this syndrome. Therefore,

further larger studies are needed to assess a correlation between

etiology and drug response, in order to address a more precise

and personalized approach to therapy andmaximize the devel-

opmental potential and quality of life of the patients.
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