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niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

Seizures are fairly common in childhood especially in newborns, with an incidence slowly decreasing until reaching adulthood [START_REF] Berg | The epidemiology of seizure disorders in infancy and childhood: Definitions and classifications[END_REF]. Of those, focal seizures (FOS), are the most frequent type observed in children [START_REF] Berg | The epidemiology of seizure disorders in infancy and childhood: Definitions and classifications[END_REF]. Vigabatrin (VGB), which is indicated as monotherapy for infantile spasms (IS) (European Medicines Agency, 2002;Food and Drug Administration, 2015), is also licensed as adjunctive therapy for refractory FOS (rFOS) in children and adults, since 1989 in Europe and 2009 in the United States (US) [START_REF] Kwan | Drug-Resistant Epilepsy[END_REF]. VGB is a specific and irreversible inhibitor of the aminobutyric acid (GABA) transaminase and its activity is only due to its S-enantiomer [START_REF] Meldrum | Anticonvulsant action in mice with sound-induced seizures of the optical isomers of gamma-vinyl GABA[END_REF], even though VGB is orally administered as a racemic.

Regarding its pharmacokinetic (PK) properties, VGB is not metabolized to any significant degree [START_REF] Durham | Pharmacokinetics and metabolism of vigabatrin following a single oral dose of [14C]vigabatrin in healthy male volunteers[END_REF], and its elimination is principally mediated by the kidney [START_REF] Haegele | Pharmacokinetics of vigabatrin : Implications of creatinine clearance[END_REF]. Furthermore, it was demonstrated that the R enantiomer did not affect the PK of VGB-S and no chiral inversion was observed [START_REF] Haegele | Kinetics of the enantiomers of vigabatrin after an oral dose of the racematevor the active S-enantiomer[END_REF].

VGB treatment is associated with retinal toxicity, resulting in permanent peripheral visual field loss [START_REF] Eke | Severe persistent visual field constriction associated with vigabatrin[END_REF][START_REF] Hardus | Visual Field Loss Associated with Vigabatrin: Quantification and Relation to Dosage[END_REF][START_REF] Malmgren | Vigabatrin Visual Toxicity: Evolution and Dose Dependence[END_REF]. This irreversible adverse effect is related to the cumulative dose and treatment duration [START_REF] Maguire | Prevalence of visual field loss following exposure to vigabatrin therapy: A systematic review[END_REF][START_REF] Wild | Visual Field Loss in Patients with Refractory Partial Epilepsy Treated with Vigabatrin[END_REF]. The choice of the dose must therefore be carefully contemplated. On one hand, overdosage must be avoided to decrease the cumulated dose of VGB and the probability of retinal toxicity. On the other hand, underexposure and consequent uncontrolled of seizures may lead to cognitive and behavioral disorders [START_REF] Auvin | Particularités de la prise en charge des enfants ayant une épilepsie[END_REF].

Because of this irreversible toxicity the development of VGB has been interrupted so that there are neither dose-ranging studies nor randomized-controlled trial available in children with FOS, but only observational studies. Since clinical responses were observed with doses between 40 and 80 mg/kg/day, [START_REF] Dulac | Vigabatrin in Childhood Epilepsy[END_REF] recommended to initiate treatment at 40 mg/kg/day and to increase, if necessary, up to 80 mg/kg/day. Consistently, different studies evidenced that high doses (> 60 -100 mg/kg/day) were not associated with greater efficacy [START_REF] Bernardina | Efficacy and Tolerability of Vigabatrin in Children with Refractory Partial Seizures: A Single-Blind Dose-Increasing Study[END_REF][START_REF] Dulac | Vigabatrin in Childhood Epilepsy[END_REF][START_REF] Herranz | Dose-Response Study of Vigabatrin in Children With Refractory Epilepsy[END_REF][START_REF] Livingston | Vigabatrin in the treatment of epilepsy in children[END_REF][START_REF] Luna | Vigabatrin in the Treatment of Childhood Epilepsies : A Single-Blind Placebo-Controlled Study[END_REF][START_REF] Uldall | Vigabatrin in Pediatric Epilepsy -An Open Study[END_REF]. A brief review of these studies is available on Table 1. However, current dose recommendations are not consistent with these results. The current European Summary of Products Characteristics (SPC) recommends in 10-50 kg children a starting dose of 40 mg/kg followed by a wider maintenance dose range: 30 to 100 mg/kg/day (European Medicines Agency, 2002). For children > 50 kg, a maintenance dose of 2000 to 3000 mg/day is recommended. On the other hand, US recommendations propose, for children with rFOS between 10 and 16 years and weighing 25 to 60 kg, a starting dose of 250 mg BID, corresponding to dose/kg decreasing from 20 to 8 mg/kg/day, followed by a fixed maintenance dose of 1000 mg BID corresponding to a weight-normalized dose decreasing from 80 mg/kg to 33 mg/kg during this period. For children > 16 years or 60 kg, the maintenance dose can be increased to 3000 mg/day. There are no US approval or dose recommendations for rFOS in children < 10 years (Food and Drug Administration, 2015).

Considering the efficacy of an antiepileptic drug observed in adults for rFOs can be extrapolated at least to children >2-4 years [START_REF] Barrett | Challenges and Opportunities in the Development of Medical Therapies for Pediatric Populations and the Role of Extrapolation[END_REF]European Medicines Agency, 2010;Food and Drug Administration, 2016;[START_REF] Pellock | Extrapolating evidence of antiepileptic drug efficacy in adults to children ≥2 years of age with focal seizures: The case for disease similarity[END_REF], a reasonable assumption would be that the exposure/efficacy relationship of a drug may be similar between adults and children. Thus, a possible approach to determine a relevant pediatric dose could be to determine the dose providing in children an exposure of VGB-S similar to the one obtained with the effective adult dose.

However, current knowledge about VGB pharmacokinetics in children, especially about the active enantiomer, is not sufficient to attain this objective. To our knowledge, only two studies evaluated VGB-S PK in the pediatric population: a study enrolling 6 neonates (15 to 26 days old) [START_REF] Vauzelle-Kervroëdan | Pharmacokinetics of the individual enantiomers of vigabatrin in neonates with uncontrolled seizures[END_REF] and another one including 12 infants and children aged 5 months to 14 years [START_REF] Rey | Pharmacokinetics of the individual enantiomers of vigabatrin (γ-vinyl GABA) in epileptic children[END_REF]. The first study focused in a reduced age range while the other compared the PK properties of both enantiomers in two age groups (5 months-2 years versus 4-14 years). No study really investigated the evolution of VGB-S pharmacokinetics over time, probably because of the small number of children receiving VGB. The time course of racemic VGB was previously studied in children and adults (Nielsen et al., 2014), with data obtained from interrupted randomized clinical trials (due to retinal toxicity), but no information about the enantiomers was available.

To deal with this situation, one of the methods used to investigate pediatric dosing schemes without a significant amount of PK data in children is to scale an adult PK model to children. The principle of scaling is to extrapolate pediatric parameters from adult parameters taking into account the size-and maturation-related changes [START_REF] Anderson | Mechanism-Based Concepts of Size and Maturity in Pharmacokinetics[END_REF].

So, the aim of this work was to determine whether the wide maintenance dose range indicated in the SPC is reasonable, and to determine the optimal starting pediatric dose for rFOS according to age, using PK extrapolation from adult to children for VGB-S.

Material and methods

A complete description of the methods used in this work is presented in Appendix. An overview is presented in Figure 1. Briefly, the adult data presented by [START_REF] Haegele | Kinetics of the enantiomers of vigabatrin after an oral dose of the racematevor the active S-enantiomer[END_REF] were used to build an adult PK model for the active enantiomer of vigabatrin (VGB-S). Monte Carlo simulations were performed with this model in order to determine the expositions (area under the curve, AUC) obtained with effective doses, i.e., 2-3 g/day [START_REF] Gram | γ-Vinyl GABA: a double-blind placebo-controlled trial in partial epilepsy[END_REF][START_REF] Grünewald | Effects of vigabatrin on partial seizures and cognitive function[END_REF][START_REF] Loiseau | Double-blind, placebocontrolled study vigabatrin (gamma-vinyl GABA) in drug-resistant epilepsy[END_REF][START_REF] Mckee | Adjuvant vigabatrin in refractory epilepsy: a ceiling to effective dosage in indivudal patients?[END_REF][START_REF] Rimmer | Double-blind study of γ-vinyl GABA in patients with refractory epilepsy[END_REF][START_REF] Tartara | Vigabatrin in the treatment of epilepsy: a double-blind, placebo-controlled study[END_REF][START_REF] Tassinari | Double-blind study of vigabatrin in the treatment of drug-resistant epilepsy[END_REF] currently recommended in the drug SPC (European Medicines Agency, 2002; Food and Drug Administration, 2015) for rFOS. These AUC associated with efficacy became the target AUC for children. The adult model was then extrapolated to children with the following steps: (i) theoretical allometry, i.e., the effect of size, was applied to the volumes and clearances paremeters (Mallo), (ii) a maturation function, i.e., the effect of age, for the glomerular filtration rate (GFR) was added to the elimination clearance. Two different maturation functions were tested, one developed by [START_REF] Hayton | Maturation and Growth of Renal Function : Dosing Renally Cleared Drugs in Children[END_REF] (MHayton) and the other developed by Rhodin et al. (2009) (MRhodin).

Pediatric data were available for children with IS and/or FOS, aged 5 months to 5.7 years. This dataset was used to evaluate the three models (Mallo, MHayton and MRhodin). The model that gave the less biased and more precise predictions was kept as the final extrapolated model. From this model and using Monte Carlo simulations, the pediatric doses needed to obtain AUC similar to the effective AUC in adults were determined.

Results

The median [95% confidence interval] simulated adult AUCs were 43.5 [36.5 -51.6] mg.h/L and 64.8 [55.3 -77.9] mg.h/L for doses of 2g/day and 3 g/day respectively. Using those values, we determined an AUC target comprised between 36.5 and 77.9 mg.h/L (Figure 2).

Concerning the Monte Carlo simulations, a boxplot of the simulated pediatric AUCS with respect to daily weight-normalized dose and age is provided on Figure 3. A dose of 40 mg/kg/day provided the highest probability to be within the target AUCS range for children aged 10 to 18 years (Table 2). For children aged between 6 months and 5 years, a dose of 50 mg/kg/day provided the highest probabilities to be within the 36.5 -77.9 mg.h/L range (Table 2 andFigure 3).

Discussion

Neonates, infants and children greatly differ from adults, not only in terms of size but also in body composition, organ maturation and development, enzyme capacity, growth, etc… There are many anatomical, physiological and biochemical child-specific characteristics that affect exposure and response in this population [START_REF] Fernandez | Factors and Mechanisms for Pharmacokinetic Differences between Pediatric Population and Adults[END_REF][START_REF] Kearns | Developmental Pharmacology -Drug Disposition, Action, and Therapy in Infants and Children[END_REF]. As a result, appropriate PK studies are mandatory in children in order to develop rational pediatric dosing regimens. However, those studies may be challenging in pediatric epilepsy, not only because of the ethical issues at this age range, but also due to the limited number of subjects available for inclusion [START_REF] Cock | The role of population PK -PD modelling in paediatric clinical research[END_REF]. Scaling an adult PK model to children may be an alternative. With this approach, body weight (BW) and age are usually considered to reflect these size-and maturation-related changes respectively. Allometry, which originally aimed to extrapolate parameters between species, is now accepted as the most accurate model to describe the influence of size on parameters [START_REF] Anderson | Mechanism-Based Concepts of Size and Maturity in Pharmacokinetics[END_REF]. The maturation function is a sigmoid function that adjusts elimination clearance to age and tends towards 1 with increasing age [START_REF] Tod | Facilitation of Drug Evaluation in Children by Population Methods and Modelling[END_REF].

For compounds solely eliminated via glomerular filtration as VGB is, weight-normalized clearance (CL) increases rapidly in neonates, along with the GFR. By the end of the first year of age, GFR reaches adult values and, during preschool years, it exceeds those values, until prepubertal age. This is probably due to a relative larger kidney size in children and/or an increase in kidney function per unit of kidney weight [START_REF] Chen | Ontogeny of drug elimination by the human kidney[END_REF][START_REF] Kearns | Developmental Pharmacology -Drug Disposition, Action, and Therapy in Infants and Children[END_REF][START_REF] Rodieux | Effect of Kidney Function on Drug Kinetics and Dosing in Neonates , Infants , and Children[END_REF]. This developmental evolution was taken into account in our extrapolated model with the addition of [START_REF] Rhodin | Human renal function maturation: A quantitative description using weight and postmenstrual age[END_REF] GFR maturation function on VGB-S clearance.

However, to our knowledge, no study has been conducted so far to evaluate the contribution of the different pathways involved in VGB renal elimination. It is possible that tubular reabsorption may be involved since VGB renal clearance was found to be about 20% lower than true or expected creatinine clearance in adults [START_REF] Haegele | Pharmacokinetics of vigabatrin : Implications of creatinine clearance[END_REF] and children [START_REF] Rey | Pharmacokinetics of the individual enantiomers of vigabatrin (γ-vinyl GABA) in epileptic children[END_REF], respectively. Unlike glomerular filtration and active secretion, there is no maturation model developed for tubular reabsorption. It is indeed a pathway difficult to study and its development is under-investigated (Strolin [START_REF] Benedetti | Differences in absorption , distribution , metabolism and excretion of xenobiotics between the paediatric and adult populations Differences in absorption , distribution , metabolism and excretion of xenobiotics between the paediatric and adult populations[END_REF]. However, it seems that maturity is reached between 1 and 3 years after birth [START_REF] Hua | Urinary microalbumin and retinol-binding protein assay for verifying children's nephron development and maturation[END_REF], the age range for which a validation of our model was performed with external data and gave good results (Table 1 of the appendix). This work evidenced that, for children aged between 3 months and 18 years, doses between 40 and 50 mg/kg/day should provide VGB-S exposures similar to those found in adults at the recommended posology for rFOS (2 -3 g/day) (Figure 3). These results are in accordance with the European recommendations and [START_REF] Dulac | Vigabatrin in Childhood Epilepsy[END_REF] results, i.e. to start the therapy at 40 mg/kg/day with further change based of clinical responsiveness. Oppositely, our results do not support the current US recommendations consisting in a lower starting dose (8-20 mg/kg) and to an important decrease in the weight-normalized dose between 10 and 16 years (Food and Drug Administration, 2015). Indeed, according to table 3, the mean increase in the AUC of VGB-S for the same dose/kg within this age range will be around 15%, which seems negligible. The current French SPC recommends doses ranging from 30 to 100 mg/kg/day (European Medicines Agency, 2002). According to our simulations (Figure 2), doses > 80 mg/kg will provide an exposure in VGB-S much higher than the one observed in adults, more particularly for children > 6 years. That supports the previous lack of evidence for a greater efficacy with high VGB doses [START_REF] Bernardina | Efficacy and Tolerability of Vigabatrin in Children with Refractory Partial Seizures: A Single-Blind Dose-Increasing Study[END_REF][START_REF] Dulac | Vigabatrin in Childhood Epilepsy[END_REF][START_REF] Herranz | Dose-Response Study of Vigabatrin in Children With Refractory Epilepsy[END_REF][START_REF] Livingston | Vigabatrin in the treatment of epilepsy in children[END_REF][START_REF] Luna | Vigabatrin in the Treatment of Childhood Epilepsies : A Single-Blind Placebo-Controlled Study[END_REF][START_REF] Uldall | Vigabatrin in Pediatric Epilepsy -An Open Study[END_REF].

The consistency between our results and the results of the clinical studies cited above supports the relevance of our hypothesis about a similar exposure/effect relationship between adults and children. This hypothesis was based on the fact that the efficacy of antiepileptic drugs observed in adults for rFOS can be extrapolated to children > 2-4 years [START_REF] Barrett | Challenges and Opportunities in the Development of Medical Therapies for Pediatric Populations and the Role of Extrapolation[END_REF]European Medicines Agency, 2010;Food and Drug Administration, 2016;[START_REF] Pellock | Extrapolating evidence of antiepileptic drug efficacy in adults to children ≥2 years of age with focal seizures: The case for disease similarity[END_REF]. However, extrapolation of drug efficacy from adults to children < 2-4 years has not been validated to date, so efficacy trials are mandatory in these young children. Consequently, the doses we determined could be used as a basis for such trials.

The main limitation of this work is that the predictive ability of the extrapolated model could not be validated for children >5 years because of the lack of pediatric PK data. However, it was demonstrated that the use of theoretical allometry is accurate for all drugs undergoing glomerular filtration after the age of 5 years [START_REF] Calvier | Allometric Scaling of Clearance in Paediatric Patients : When Does the Magic of 0.75 Fade ?[END_REF]. This allows us to conclude that our extrapolated model should be valid from 6 months to 18 years. Another limitation is the small number of adult subjects used to build the model. However, the model described well the data and was in accordance with [START_REF] Haegele | Kinetics of the enantiomers of vigabatrin after an oral dose of the racematevor the active S-enantiomer[END_REF] results. Furthermore, to our knowledge, there is not further PK data of the enantiomers available in the literature. The racemic VGB was indeed previously studied [START_REF] Nielsen | Population Pharmacokinetics Analysis of Vigabatrin in Adults and Children with Epilepsy and Children with Infantile Spasms[END_REF] but, since the PK profiles of the enantiomers are not parallel, a deduction of VGB-S PK parameters was not possible. Lastly, the pediatric dataset used to validate the model included children with IS and FOS. There is, however, no reason to believe that the type of seizures influences the pharmacokinetics of the drug.

In conclusion, a pediatric model for VGB was developed from adult data, taking into account growth and the maturation of the glomerular filtration. It evidenced that doses between 40 and 50 mg/kg/day, divided in two intakes, are necessary to obtain an exposition similar to the one obtained in adults for the recommended adult doses for rFOS. Such a precise measure of the dose is now possible thanks to a new pediatric form consisting in scored soluble tablets of 100 and 500 mg (Kigabeq®). We propose those doses as optimal maintenance doses in rFOS that may be increased, if necessary, by slow titration. It is noteworthy that these doses are not adequate for the main indication of vigabatrin, that is infantile spasms, and for which doses of 100-150 mg/kg/day are recommended (European Medicines Agency, 2002;Food and Drug Administration, 2015).

Appendix 1. Development of the adult PK models

In their publication, [START_REF] Haegele | Kinetics of the enantiomers of vigabatrin after an oral dose of the racematevor the active S-enantiomer[END_REF] provided the plasma concentrations of both enantiomers and the demographic characteristics of the six healthy volunteers included in their study. This information was used to create a dataset for the enantiomer S, for which two sets of concentrations were available for each volunteer: one posterior to the racemic drug administration (1500 mg) and one after VGB-S administration (750 mg). The model was built on Monolix (version 4.3.2; Lixoft, Antony, France) with the Stochastic Approximation of Expectation Maximization (SAEM) algorithm.

Structural models composed by one or two compartments were evaluated, and the absorption phases were evaluated with first-or zero-order models, with or without lag time. Due to the linearity of VGB pharmacokinetics [START_REF] Hoke | Pharmacokinetics of vigabatrin following single and multiple oral doses in normal volunteers[END_REF], elimination was assumed to be ruled by a first-order process.

Exponential models were used to describe inter-individual variability, as illustrated bellow (Equation 1):

θ = θ × exp η (Equation 1)
Where θi is the estimated value of a parameter in an individual i, θTV is the typical value of this parameter in the population and ηi is the individual deviation from this typical value, i.e., the inter-individual variability that is assumed to be normally distributed with a mean of 0 and a variance of ω².

Additive, proportional and mixed residual error models were tested.

Available demographic variables (age, height and body weight) were tested as potential covariates. These continuous covariates were included in the model using a power function equation (Equation 2):

θ = θ × (Equation 2)
where cov is the value of the covariate, covmedian is its median and θcov is the factor describing the relationship between the covariate and the parameter.

A two-compartment model with zero-order absorption following an absorption lag-time, and first-order elimination, best described the adult data of VGB-S. The parameters of the model were: lag-time (Tlag), zero-order absorption constant (Tk0), central volume of distribution (V1/F, where F means bioavailability), peripheral volume of distribution (V2/F), distribution clearance (Q/F) and elimination clearance (CL/F). No covariates significantly improved the model, perhaps due to the lack of statistical power. IIV was estimated for all parameters, and the residual error model was set as proportional.

The final model for VGB-S was then:

Tlag = 0.241 h Tk0 = 0.111 h CL/F = 11.5 L h ⁄ V1/F = 54.6 L Q/F = 6.85 L h ⁄ V2/F = 41.8 L
2. Determination of the exposition target in adults Monte Carlo simulations were performed with the final adult model in order to obtain the areas under the curve of VGB-S (AUCS) expected with the recommended doses of 2 and 3 g/day. For this, 1000 adults were simulated for each posology (1 g and 1.5 g twice daily). AUCS was calculated using the equation below (Equation 3):

AUC 4 mg. h/L = 6 78 9 :; <= 9 > ⁄ = ? ⁄
(Equation 3)

The target range of AUCS was determined to be between the 2.5 th percentile of the lowest dose (1g bid) and the 97.5 th percentile of the highest dose (1.5g bid), including this way 95% of the AUCS that adults could obtain with doses comprised between 2 and 3 g/day.

Development of a pediatric model from the adult model

First, allometric scaling was added to the adult model to describe the size related changes of the PK parameters during growth. Those size differences on PK parameters were described using Equation 4:

F 7 @8 = AB C D AB EDF G
(Equation 4)

where BW ? JK is the body weight of the child i, BW LKMJN is the standard adult body weight (ie, 70 kg) and α is the allometric exponent describing the relationship between BW and the parameter. This exponent was fixed to the theoretical values of 1 for the volumes and 0.75 for the clearances [START_REF] Anderson | Mechanism-Based Concepts of Size and Maturity in Pharmacokinetics[END_REF]. This was the first model tested, Mallo.

For drugs only eliminated through glomerular filtration, the pediatric renal clearance (CLR) can be scaled from the adult CLR with the following equation [START_REF] Edginton | A Mechanistic Approach for the Scaling of Clearance in Children[END_REF]:

CL P ? JK = Q>P C D Q>P EDF × R E C D R E EDF
× CL P LKMJN (Equation 5)

where, GFR means glomerular filtration rate and fu means unbound fraction. Since VGB does not bind to plasma proteins [START_REF] Mumford | A profile of vigabatrin[END_REF], the correction for the unbound fraction was not considered.

Two models were developed to describe the glomerular filtration rate in children [START_REF] Hayton | Maturation and Growth of Renal Function : Dosing Renally Cleared Drugs in Children[END_REF][START_REF] Rhodin | Human renal function maturation: A quantitative description using weight and postmenstrual age[END_REF]. According to [START_REF] Rhodin | Human renal function maturation: A quantitative description using weight and postmenstrual age[END_REF], the GFR ? JK depends on the body weight (Fsize) and the age (Fmat) of the child in the following manner:

GFR ? JK = F :LN × F 7 @8 × GFR LKMJN (Equation 6) Indeed, for young children, maturation of organ function and enzyme expression also influences the elimination clearance. The Hill model is a sigmoid function (Equation 7) that describes the gradual maturation of clearance in early life until reaching maturity. It takes values between 0 and 1, and represents the fraction of the adult CL [START_REF] Tod | Facilitation of Drug Evaluation in Children by Population Methods and Modelling[END_REF]. 7)

F :LN = UVW XYZZ UVW [\ XYZZ ]UVW XYZZ (Equation
HILL is the sigmoïdicity coefficient that defines the shape of the curve, PMA is the post-menstrual age (in weeks) and PMA50 is the PMA at which clearance reaches 50% of its maximal value, ie its mature value. PMA was estimated by adding 40 weeks to the postnatal age.

Replacing this in Equation 5and using the maturation function they estimated, we obtain the second model, MRhodin:

CL P ? JK = CL P LKMJN × AB C D ^_ _.^`× UVW a.b\ c^.^a .b\ ]UVW a.b\
(Equation 8)

According to [START_REF] Hayton | Maturation and Growth of Renal Function : Dosing Renally Cleared Drugs in Children[END_REF], GFR ? JK is also a function of BW and age, described in Equation 9.

GFR ? JK = 2.6 × BW ? JK _.dde × e f_._gee×L;8 + 8.14 × BW ? JK _.dde × 1 -e f_._gee×L;8

(Equation 9)

where age : is the age in months. This formula can be used to estimate the GFR ? JK on Equation 5, using a GFR LKMJN of 136 mL/min (value determined by this formula on a 20 years old adult weighting 70 kg), which was the third model, MHayton.

Validation of the pediatric model

A pediatric dataset was used for the validation of the models. This dataset included 28 pediatric patients, aged 5 months to 5.7 years, with a median (range) BW of 9.55 (6.47 -22.8) kg, with IS and/or FOS. Those children provided 174 samples (1 to 6 per patient).

The ability of the 3 models (Mallo, MRhodin and MHayton) to predict the observed pediatric data was assessed by comparing the bias (mean prediction error (MPE), Equation 10) and the dispersion (root mean square error (RMSE), Equation 11) of the population predictions versus the observations. 11)

RMSE

The model with the lowest values of MPE and RMSE was selected as the final model.

Of the three models tested, MRodhin was the less biased, and more precise (Table 1 of the appendix) and was considered the final model.

Determination of the pediatric doses allowing to obtain VGB-S exposition within the target range

The final extrapolated VGB-S model was used to determine the pediatric doses necessary to obtain AUCS within the target range determined in adults. Monte Carlo simulations were performed to investigate this matter. To do so, a population of children was simulated at different ages (from 0.5 to 18 years). The BW was predicted for each age using the model developed by [START_REF] Sumpter | Predicting weight using postmenstrual age -neonates to adults[END_REF]. For this, the mean predicted BW of 1000 children per age was used for the simulation dataset. These mean predicted BWs were 7. 9,9.8,11.4,14.1,20.6,36.6,57.4 and 65.7 kg,for 0.5,0.75,1,2,5,10,15 and 18 years respectively. Investigated doses were 10,20,30,40,50,60,70,80,90 and 100 mg/kg/day, administered as a bid regimen.

Clearance inter-individual variability (IIV) was fixed to 25%, which corresponds to the mean IIV found on this parameter, after adding BW as a covariate in several pediatric studies [START_REF] Ding | A Population Pharmacokinetic Model of Valproic Acid in Pediatric Patients with Epilepsy : A Non-Linear Pharmacokinetic Model Based on Protein-Binding Saturation[END_REF][START_REF] Jullien | Pharmacokinetics of Clobazam and N -Desmethylclobazam in Children with Dravet Syndrome Receiving Concomitant Stiripentol and Valproic Acid[END_REF][START_REF] Peigné | Population Pharmacokinetics of Stiripentol in Paediatric Patients with Dravet Syndrome Treated with Stiripentol, Valproate and Clobazam Combination Therapy[END_REF][START_REF] Rodrigues | Population pharmacokinetics of oxcarbazepine and its monohydroxy derivative in epileptic children[END_REF][START_REF] Sallas | Pharmacokinetic drug interactions in children taking oxcarbazepine[END_REF].

One thousand children per combination age/dose were simulated with the final model, and AUC was calculated for each child. The probability to be within the target range determined in 2 was calculated for each age/dose combination. 

  mean age was indicated * Responders = patients with a ≥50% reduction in seizure frequency ⱡ for all seizure types ₽ for partial onset seizures only FOS = focal seizures Pop PK = Population pharmacokinetics RCT = randomized controlled trial
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 3 Figure 3 -Evolution of vigabatrin-S areas under the curve (AUCS) with age and dose. The grey area represents the target range determined in adults.

  

  

Table 1 .

 1 Summary of pediatric clinical trials

	Study	Study design	Participants enrolled [completed]	Age range	Dose	Responders*	Comments about dosage
					Initial dose: 40 -80		
	Livingston et al. (1989)	Open, add-on, preliminary screening	135 [112] (FOS = 42%)	2m-2y	mg/kg/day Mean maintenance dose:	38% ⱡ (49% ₽ )	High doses (> 100 mg/kg/day) were not associated with greater efficacy
					87 mg/kg/day (27 -100)		
	Luna et al. (1989)	Single-blind vs placebo, add-on	61 [45] (FOS = 47.5%)	1y-19y	Initial dose: 50 mg/kg/day 150 mg/kg/day Maintenance dose: up to	38% ⱡ	Doses over 100 mg/kg does not seem useful
					Initial dose: 25 -75		
					mg/kg/day		Recommendation to initiate therapy at 40
	Dulac et al. (1991)	Single blind vs placebo, add-on	66 [58] (FOS = 48.5%)	2y-15y	Maintenance dose: 25 -125 mg/kg/day	50 % ⱡ	mg/kg/day and to increase up to 80 mg/kg/day if necessary, since higher doses did
					Titration of the dose up		not result in a better response.
					to 50-150 mg/kg/d		
					From 1 -2 g/day (±60		
					mg/kg/day), up to 2 -4		
	Herranz et al. (1991)	Open dose-ranging, add-on	20 [20] (FOS = 95%)	2m-18y	g/day (±80-100 mg/kg/day)	60 -80 % ⱡ	Doses above 60 mg/kg/day produced no additional beneficial effect
					Fixed doses depending on		
					BW		
	Uldall et al. (1991)	Open dose-ranging, add-on	33 (FOS = 82%)	10.5y a	>8y : 2g/day <8y : 40-80 mg/kg/day	54 % ⱡ (at 6 months)	Optimum doses between 2-3 g/day. Doses of 4-6 g/day produce no improvement and could even increase seizure rates
	Gibbs et al.	Retrospective, add-on	43 [43]	1y-16y From 55-85 mg/kg/day up 42% ⱡ (60% ₽ )	The dose was increased in only 10 patients

Table 1

 1 of the appendix -Bias and precision of extrapolated models

	Model MPE RMSE
	Mallo	-8.7	5.3
	MRhodin -2.7	5.1
	MHayton -8.1	5.1

Table 2 -

 2 Vigabatrin-S expositions obtained with daily doses of 40 and 50 mg/kg and their probability to be within the 36.5 and 77.9 mg.h/L adult range

	Age (years)	Dose (mg/kg/day)	AUCS (mg.h/L) Median [IC95]	Probability (%)
	0.5	40 50	46.3 [28 -76] 59.5 [35.9 -97.8]	81.7 84.7
	0.75	40 50	44.3 [27.4 -69] 54.6 [34 -88.4]	75.9 87.7
	1	40 50	42.5 [26.4 -73] 54.6 [33.7 -86.9]	73.2 85.4
	2	40 50	41.7 [26.5 -68.4] 52.4 [31.2 -85.7]	70.5 86.4
	5	40 50	45.3 [26.9 -73] 55.7 [33.5 -92.4]	78.2 85
	10	40 50	51.5 [31.2 -82.7] 64.5 [40.1 -105]	86.3 77
	15	40 50	58.2 [36.3 -95.3] 70.9 [43.3 -116.7]	83.5 63.9
	18	40 50	58.8 [35.7 -99.6] 75.1 [47.8 -117.7]	82.4 56
	AUCS -Vigabatrin-S area under the curve		
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