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Abstract:

Background:

Evaluate the effect of concomitant antiepileptiertipy on levetiracetam (LEV)
pharmacokinetics.

Methods:

A 6-year retrospective observational study. Pagiemere grouped according to the
antiepileptic drug (AED) used as concomitant methca Group A, LEV in
monotherapy;Group B, LEV + enzyme-inducing antiepileptic drugs (EIAEDend
Group C, LEV + non-enzyme-inducing antiepileptic drugs (REDs). Apparent oral
LEV clearance (LEV CL/F) and basal serum LEV coniions (LEV G) were
compared among the different groups by analysi@oénce (ANOVA).

Results:

A total of 330 LEV G corresponding to 205 patients (56% men) were ifiett The
mean (x SD) of LEV CL/F in group A (n=180), B (n9%nd C (n=58) were 4.41+2.06
L/h, 7.23+3.72 L/h and 4.87+1.65 L/h, respectivélyAEDs increased LEV CL/F (L/h)
by 64% compared to the monotherapy group and by d8#&tpared to the NEIAEDs

group. The greatest induction in LEV CL/F, compat@dhe LEV monotherapy group,
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was observed with carbamazepine (CBZ), followed dxgarbazepine (OXC) and
phenobarbital (PB) and was increased by 81%, 64&04df86, respectively. LEV £
values were significantly lower in the EIAEDs grotian in the monotherapy group
(17.30+7.77 vs. 20.08+9.69ug/mL; p=0.038) or indeed the NEIAEDs group
(17.30+7.77 vs. 20.49+9.46)/mL; p=0.027).

Conclusions:

Comedication with EIAEDs increased LEV CL/F by madran 40% whilst CBZ had
the greatest inducing potency with LEV CL/F bein§%® higher than that of the
monotherapy group. These data suggest that momgtdtEV serum concentration

during polytherapy with EIAEDs is indicated.

Key words: Levetiracetam; Pharmacokinetics; Interactions; Edication.

Introduction:

Levetiracetam (LEV) is a newer-generation antigqitedrug (AED) extensively used
over the past ten years due to its wide range tdracfew adverse effects, and good

tolerance.

LEV was introduced in clinical practice and referte as an “ideal antiepileptic drug”
(1) because according to pivotal studies, and gtheriously published studies related
to the development of this drug, it presented a orable

pharmacokinetic/pharmacodynamic (PK/PD) profile paned to older AEDs (2).

Its broad spectrum of action has been evidenceahany clinical trials, showing its
efficacy and safety as add-on therapy in the treatnof generalized and focal
epilepsies (3), myoclonic seizures (4), clonic-toseizures (5), and it has also been

used in monotherapy (6,7).



LEV presents a predominantly renal elimination dhedrefore, its plasma clearance
mostly depends on renal function as well as the efgéhe patient. This type of
dependence, in contrast to classical AEDs, decsaaseprobability of pharmacological
interactions given its minimal hepatic metabolisnd dow protein binding (<10%).
However, some recent studies (8,9) show that thé ¢&fum concentration and its half-

life elimination can be affected by concomitantgsu

The aim of this study was to evaluate the effectcohcomitant AEDs on LEV

pharmacokinetics.

Materials and methods

This retrospective observational study was carreed between June 2007 and
December 2013. Study participants were diagnoséa eypilepsy and under treatment
with oral LEV. The inclusion criteria were as folls: providing one or more basal
serum LEV concentrations (LEV§; age >16 years old and treatment with LEV for at
least one month. Patients considered as “not auhévi and/or doubtfully adhering” to

treatment were excluded from the study.

The following data were collected: age, sex, heighight, serum creatinine and
creatinine clearance (CCr) estimated by the CodkGault equation using actual
weight (10), LEV daily dose (mg), date of regimaitiation, date and hour of serum
sampling, basal serum LEV concentratiopg/inL), diagnosis, type and frequency of
seizure, concomitant AEDs and their dosage (mg/dBly¢ AEDs were classified as
enzyme-inducing antiepileptic drugs (EIAEDSs) or remzyme-inducing antiepileptic

drugs (NEIAEDS).



Apparent oral clearance of LEV (LEV CL/F) was cddétad using equations 1 and 2,

depending on whether it was expressed in L/h ohig, respectively.

Equation 1: LEV CL/F (L/h) = [Dose/day (mg/day) xday / 24h] / [LEV G

(ug/mL)]

Equation 2: LEV CL/F (mL/h/Kg) = [Dose/day (mg/Kgg) x 1 day / 24h] /

[LEV Cp(ng/mL) x 1L/1000mL
Patients were grouped according to the concomR&ms:
Group A: LEV monotherapy.

Group B: LEV + EIAEAD (phenobarbital: PB; oxcarbazepine: OXor

carbamazepine: CBZ2)

Group C: LEV + NEIAED (pregabalin, gabapentin, topiramatioge< 200

mg/day), lacosamide, lamotrigine, valproic acionisamide)

Quantification of LEV @ was performed using high performance liquid
chromatography following the technique describedd awalidated by our

Pharmacokinetics Unit (11).

Statistical analysis was carried out using the EogStatd. The quantitative variables
were described as meani)( + standard deviation (SD) in the cases of normal
distribution and as median and"285" percentiles when deviation from a normal

distribution was found. The qualitative variablesrevdescribed as percentages.

The differences between LEV CL/F among the diffegoups were analysed using the
Student t test or by analysis of variance (ANOVégpending on whether two or more

groups were analyzed when the variables followedbanal distribution. If normal



distribution was not followed, analysis was carred using the Kruskal — Wallis test
for multiple comparisons (more than two groups) dahd Mann Whitney test for

comparisons between two groups. Differences ofitgiae variables between groups
were analyzed using the Chi-square test. The @diwal between continuous variables
was measured with the Pearson or Spearman cooreletiefficient, depending on the

parametric or non-parametric behaviour. Signifieamwas set at p <0.05.

A stepwise multiple linear regression model wasduse determining the effect of the
different variables on LEV CL/F, with a level ofgsificance of 0.05 for introducing

variables in the model.

Results

A total of 330 LEV G, corresponding to 205 patients (56% men), wereiesi

The principal diagnostics were generalised idiogatpilepsy (38%), symptomatic
focal epilepsy (49%) and cryptogenic focal epilef§$$%). In each case, LEV was

administered in tablet form by oral route.

Table 1 summarizes the demographic and anthropmnobiaracteristics of the patients

studied.

Table 2 summarizes the data corresponding to mesid &f dose, LEV g LEV CL/F

and CCr of the different groups.

The LEV CL/F data are shown in table 2. It can bensthat there was a statistically
significant difference in LEV CL/F between the gpowith EIAEDs and the other
groups, expressed in either L/h or mL/h/Kg. Noistaglly significant difference in
LEV CL/F was found between the monotherapy group #me NEIAEDs group

(p=0.356).



In table 2, it can be observed that the mean of IB\Wvas less in the patients of the
EIAEDs group compared to the monotherapy group (@8%), or compared to the
NEIAEDs group (p=0.027). There was no differenceMeen monotherapy group and
NEIAEDs group (p=0.478). All the concentrations @evithin the reference range (12-
46 ng/mL) quoted by Leppik et al. (12), and also witthe range (20-4(ig/mL) quoted
by Stepanova & Beran (13).

In EIAEDs group, the highest LEV CL/F corresponderl patients undergoing
combined therapy with carbamazepine (CBZ), folloviegdoxcarbazepine (OXC), and
phenobarbital (PB) (table 3), but these differenae&se not statistically significant.
Twenty-two patients were treated with LEV+CBZ; tweelwith LEV+OXC, and sixteen
with LEV+PB. Statistically significant differencegere observed in LEV Lobtained
between patients treated with PB vs. OXC (p=0.@I®) with PB vs. CBZ (p=0.033).

A linear regression analysis‘was performed usiny I(H /F as a dependent variable.
The significant variables in the statistical moaetre: dose (mg), CCr (mL/min),

gender, and weight (KQ).
The regression resulting equation was:

Equation 3: LEV CL/F (L/h) = 0.001 dose + 0.023 £Cr — 0.914 »gender +

0.036 xweight + 3.844
p=0.000 & 0.361 Radjusted= 0.349
(men=0; women=1)

The model did not possess good predictive capdmityit allowed identifying and

adjusting the variables that exert significantuefice on LEV CL/F.



Discussion

Due to the fact that there is a general percephan LEV is safe, Spanish clinicians
rarely undertake dose adjustments based on renefidn or concomitant medication.
Therefore, the practice of routine monitoring of\LEevels is quite unusual in Spanish

hospitals (14,15).

Initial data regarding the pharmacokinetics of LEMjgested minimal metabolism via
microsomal enzymes, and therefore a priori intésastbetween LEV and other drugs
were not expected (1,2). However, after licensing wide-spread use of LEV, clinical
cases of pharmacokinetic interactions were reponeth significant clinical

consequence on the response to LEV (9,16).

LEV is mainly eliminated by renal excretion. Appnoately 66% of the dose
administered is excreted unchanged in the urindevB4% of the drug is metabolized
(1). Therfore, in patients aged> 65 years, withalelysfunction or in those patients in
whom renal assessment is not reliable from serwatinine, such as patients who are
malnourished or bed bound, routine LEV monitoringyrhelp guide LEV treatment.

The main metabolic route, resulting in the formatod three pharmacologically inactive
metabolites, is enzymatic hydrolysis of the acetengroup. The three aforementioned
metabolites are as follows: a primary metaboliteveel from carboxylic acid (LO57
which corresponds to 24% of the dose); and two mmetabolites (3% of the dose),
one formed by hydroxylation of the pyrrolidone ri{h6% of the dose) and another
formed by the opening of the pyrrolidone ring (0.@¥%the dose). Other unknown
compounds represent 0.6% of the dose. The exaetbwlet process of LEV has yet to
be determined and therefore none of the theori@ggsed in terms of explaining cases

of pharmacokinetic interactions have been proveth each theory differing from the



others. One of the theories, reported by Patsdsiifvolves the participation of
hydrolase enzymes because there is existing ewvedahout their ability to interfere
with the metabolism of other AEDs via their indocti (17,18). One of the studies
attempting to analyze the metabolic process of W% developed by Freitas-Lima et
al. (19). Their study compared two groups of trégpatients. The first group was
administered a single dose of LEV together withimslucer AED while the second
group received LEV alone. The results showed thertet were no differences between
the two groups in terms of LO57 metabolite conagmin. This allowed the first
hypothesis regarding hydrolase participation tadjected and subsequently led these
authors to support the hypothesis proposed byistatlal. (20), which involved the
participation of cytochrome P450 in_ the mechanisimLBY metabolic induction,

although no family or subfamily of cytochrome P4&&s specified.

The present study found that comedication with BD&Encreased LEV CL/F (L/h) by
64% in comparison with the monotherapy group and4Bf% with respect to the
NEIAEDs group. These results are similar to thageorted by Contin et al. (8), who
observed a 30% increase in clearance in the EIAgDgp. Similar findings have been
reported by other authors such as Hirsch et alwBd found an increase of LEV CL/F
between 24% and 37% or Dahlin et al. (21), who megoclearance values that were

30% higher in their EIAEDs group. This latter stuehtailed pediatric patients.

More than 40% increase in LEV CL/F would be expedtebe of clinical significance
and therefore LEV should not be considered to berag that is devoid of

pharmacokinetic interactions.



The EIAEDs analyzed in this study entailed CBZ (2x4£B (n=34) and OXC (n=16).
The greatest inducing potency exerted on LEV CL4s wbserved with CBZ, followed
by OXC and PB. In fact, when comparing the resoltghese subgroups with the
patients who received LEV in monotherapy, LEV ClWas 80.72%, 63.94% and

43.99% greater, respectively.

PB is often considered a more potent inducer oahepnetabolism than CBZ. Indeed,
Hirsch et al. (9) observed a greater induction &VLCL/F by PB than by CBZ.
Nevertheless, this study has important limitaticngh as a small sample size and lack
of analysis of possible confounding by patient age.

However, our results contradict this idea, andsangported by data obtained by some
authors with other AEDs. Bae et al. (22) obseraegreater increase of topiramate
clearance in patients in comedication with CBZ usrBB (2.17 L/h vs 1.64 L/h). Other
authors, such as May et al. (23), determined tfextedf hepatic enzyme induction on
LEV Co. Curiously, these researchers could not find arflBeing effect on LEV €
and they reported that this was due to the smafiban of patients on comedication
with PB, a similar limitation commented on by Hinss study (9). In our research, a
lower inducing effect on LEV £with PB, compared with the other AEDs, was
observed. In our study, the PB group is also smaiian CBZ group. Studies with
larger sample sizes are necessary to confirm tiessets.

Included variables, regression coefficients anapmhdent term of the LEV clearance
model in EIAEDs group were similar to those in tiegression model for the entire

patient population. Consequently, LEV seems to savdar behaviour in all groups.

A great inducing effect of OXC was observed, with22 lower mean LEV g£value
than that obtained in the CBZ group (Table 3).dditon, 38% of the patients of OXC
group had basal concentrations below the refereange (12-46ug/mL) (12) and
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significantly lower concentrations than those psgab by Stepanova & Beran (20-40

pg/mL) (13).

One of the limitations of this study is its retrespve design, making it difficult to
collect some relevant information, and some missragables could contribute to
explaining the variability in LEV clearance. Dosagel body weight were not available
in some patients and had to be excluded from tladysis. Another limitation is the
small sample size. Larger studies would be necgdsaconfirm our results. These
limitations are frequent in naturalistic studieswever such studies provide invaluable

information so as to guide clinical practice.

Conclusions

Our data shows that LEV CL/F is increased by moa@nt40% in patients
prescribed concomitant EIAEDs. Such an increaseldvbe expected to have clinical
consequences and therefore confirming that LEVotsam inert drug and that potential

interactions should be taken into.consideration.

References

(1) Patsalos PN. Pharmacokinetic profile of I|eaeetam: toward ideal
characteristics. Pharmacol Ther. 2000;85:77-85.

(2) Patsalos PN. Clinical pharmacokinetics ofeteacetam. Clin Pharmacokinet.
2004;43:707-724.

(3) Pina-Garza JE, Nordli DR, Jr., Rating D, &t Adjunctive levetiracetam in
infants and young children with refractory partaiset seizures. Epilepsia.

2009;50:1141-1149.

11



(4)

(®)

(6)

(7)

(8)

9)

(10)

(11)

(12)

Noachtar S, Andermann E, Meyvisch P, et alidtiracetam for the treatment of
idiopathic generalized epilepsy with myoclonic se&s. Neurology.
2008;70:607-616.

Berkovic SF, Knowlton RC, Leroy RF, et al.aBbo-controlled study of
levetiracetam in idiopathic generalized epilepsyeutlogy. 2007;69:1751-
1760.

Brodie MJ, Perucca E, Ryvlin P, et al. Congmanr of levetiracetam and
controlled-release carbamazepine in newly diagnosgilepsy. Neurology.
2007;68:402-408.

Hakami T, Todaro M, Petrovski S, et al. Sibsbn monotherapy with
levetiracetam vs older antiepileptic drugs: a ranied comparative trial. Arch
Neurol. 2012;69:1563-1571.

Contin M, Albani F, Riva R, et al. Levetirdaam therapeutic monitoring in
patients with epilepsy: effect of concomitant apileptic drugs. Ther Drug
Monit. 2004;26:375-379.

Hirsch LJ, Arif H, Buchsbaum R, et al. Effeat age and comedication on
levetiracetam pharmacokinetics and tolerabilityiléfysia. 2007;48:1351-1359.
Cockeroft DW, Gault MH. Prediction of creatie clearance from serum
creatinine. Nephron. 1976;16:31-41.

Zufia L, Aldaz A, Ibanez N, et al. LC methfod therapeutic drug monitoring of
levetiracetam: evaluation of the assay performaapod validation of its
application in the routine area. Clin Biochem. 2dB)473-482.

Leppik IE, Rarick JO, Walczak TS, et al. defive levetiracetam doses and

serum concentrations: age effects. Epilepsia. 280240.

12



(13)

(14)
(15)

(16)

17)

(18)

(19)

(20)

(21)

Stepanova D, Beran RG. Measurement of leacgtam drug levels to assist
with seizure control and monitoring of drug intdraws with other anti-epileptic
medications (AEMSs). Seizure. 2014;23:371-376.

French J. Use of levetiracetam in speciaglupetions. Epilepsia. 2001;42:40-43.
Radtke RA. Pharmacokinetics of levetiracetBpilepsia. 2001;42:24-27.
Perucca E, Gidal BE, Baltes E. Effects otigmleptic comedication on
levetiracetam pharmacokinetics: a pooled analy$iglata from randomized
adjunctive therapy trials. Epilepsy Res. 2003;53%87

Lundgren B, DePierre JW. Proliferation ofrggeésomes and induction of
cytosolic and microsomal epoxide hydrolases ineddht strains of mice and
rats after dietary treatment with clofibrate. Xeimica. 1989;19:867-881.
Tybring G, von BC, Bertilsson L, et al. Mietdism of carbamazepine and its
epoxide metabolite in human and rat liver in vit@rug Metab Dispos.
1981;9:561-564.

Freitas-Lima P, Alexandre V, Jr., Pereira, L&® al. Influence of enzyme
inducing antiepileptic drugs on the pharmacokirgetitlevetiracetam in patients
with epilepsy. Epilepsy Res. 2011;94:117-120.

Strolin BM, Whomsley R, Nicolas JM, et ahdmacokinetics and metabolism
of 14C-levetiracetam, a new antiepileptic agenheaalthy volunteers. Eur J Clin
Pharmacol. 2003;59:621-630.

Dahlin MG, Wide K, Ohman |. Age and cometimas influence levetiracetam

pharmacokinetics in children. Pediatr Neurol. 2@B@®231-235.

13



(22) Bae EK, Lee J, Shin JW, et al. Factors eriking topiramate clearance in adult
patients with epilepsy: a population pharmacokmetinalysis. Seizure.
2016;37:8-12.

(23) May TW, Rambeck B, Jurgens U. Serum coneéintis of levetiracetam in
epileptic patients: the influence of dose and calication. Ther Drug Monit.

2003;25:690-699.

14



Table 1: Demographic and anthropometric characteristics of the population.

Sex Age (years) Weight (Kg) BMI (Kg/m?)
(M/F) X+SD X+SD X+SD
LEV monotherapy
95/85 49.96 + 20.18  74.47 £ 13.81 26.41 + 4.49
(n =180)
LEV + EIAED
65/27 47.89 £ 1470  74.85 £ 13.05 25.56 + 3.71
(n=92)
LEV + NEIAED
31/27 41.65+16.28 72.84 £ 17.71 26.10 + 5.54

(n =58)

LEV: Levetiracetam; EIAED: Enzyme-inducing antiepileptic drugs; NEIAED: Non-enzyme-inducing antiepileptic
drugs; M: Male; F: Female; X£SD: Mean % Standard Deviation; BMI: Body mass index, n: number of
concentrations.



Table 2: Levetiracetam (LEV) dose, basal serum concentration, apparent oral clearance and

creatinine clearance (CCr) in the different groups.

LEV Co LEV CL/F CCr
Dose LEV (mg/day) (ug/mL) LEV CL/F (L/h) (mL/h/Ka) (mL/min)
- m — m mL/min
X+SD Iig X+SD _ J —
X+SD X+SD X+SD
LEV monotherapy
( 180) 1,891.66 + 869.28 20.08 £ 9.69 4.41 + 2.06 60.44 + 28.86 102.81 + 39.32
n=
LEV + EIAED
( 92) 2,559.78 + 759.88* 17.30 + 7.77* 7.23 £ 3.72% 98.25 £+ 51.07* 111.42 + 30.92
n=

LEV + NEIAED

( 58) 2,215.51 + 788.41 20.49 +£ 9.46 4.87+ 1.65 69.73 + 27.34
n=

104.70 £ 30.67

EIAED: Enzyme-inducing antiepileptic drugs; NEIAED: Non-enzyme-inducing antiepileptic drugs; LEV Cp: Basal
serum levetiracetam concentration; LEV CL/F: Apparent oral levetiracetam clearance; X+SD: Mean + Standard

Deviation, n: number of concentrations.
*Statistically significant difference compared to monotherapy group and NEIAEDs group (p<0.05)



Table 3: Levetiracetam (LEV) dose, basal serum concentration, apparent oral clearance and

creatinine clearance according to enzyme-inducing antiepileptic drug comedication.

EIAED Dose LEV Dose LEV C, LEV CL/F LEV CL/F .
.
n mg/da mg/da /mL L/h mL/h/K _
( _9 Y) ( _9 y) (ng ) E ) ( L g) (mL/min) X£SD
X+5D X+SD X+SD X+SD X+SD

PB 34  172.79 £ 55.85 2,676.47 + 757.61 19.95 +8.97  6.35+ 2.94 85.67 + 40.45 96.49 + 34.87
OXC 16  1,662.5 + 532.44 2,218.75£948.13 1434+ 471  7.23 £ 4.00 100.22 + 55.03  105.10 % 22.62
CBZ 42 983.59 + 459.11 2,595.24 + 657.86  16.28 £ 7.12  7.97 + 4.09 107.88 £56.03  121.18 + 31.32

EIAED: Enzyme-inducing antiepileptic drug; PB: Phenobarbital; OXC: Oxcarbazepine; CBZ: Carbamazepine; LEV Cy:
Basal serum levetiracetam concentration; LEV CL/F: Apparent oral levetiracetam clearance; CCr: Creatinine clearance;
X+£SD: Mean + Standard Deviation, n: number of concentrations.



