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RESUMO

Apesar do todo o arsenal farmacolégico da actualidade, mais de 30% dos doentes
epilépticos continuam a ndo responder a qualquer tratamento. Estes doentes refractarios, na sua
maioria caracterizados por varias combinagbes de farmacos antiepilépticos (AEs), séo
frequentemente referenciados para centros de investigacdo da epilepsia para monitorizagéo
video-electroencefalografica (VEEG). Esta avaliagdo tem como objectivo localizar o foco
epiléptico com vista a uma possivel abordagem cirurgica do doente, e é frequentemente utilizada
para fins de diagnostico, mostrando-se util na diferenciagdo de epilepsias pouco vulgares das
pseudocrises ou outras causas de eventos neurologicos. A reducdo da dosagem dos farmacos
antiepilépticos € uma das técnicas utilizadas para precipitar a ocorréncia de crises.

A lamotrigina (LTG) foi um dos primeiros farmacos de nova geracéo a ser autorizado em
Portugal (1994) para a abordagem das crises epilépticas, em associagdo com os farmacos
convencionais (ex. carbamazepina [CBZ], acido valproéico [VPA]), contudo, apesar de mais de
uma década de utilizagdo clinica, e comprovada que esta a sua eficacia em varias dezenas de
ensaios clinicos, a verdade é que o conhecimento sobre a relagdo farmacocinética-
farmacodindmica é escasso, particularmente no que diz respeito a sua utilizagdo durante a
monitorizagao VEEG.

Este estudo apresentou como principais objectivos: (1) desenvolver e validar uma técnica
analitica de cromatografia liquida de elevada resolugdo (HPLC) que permitisse quantificar os
niveis séricos de LTG (Capitulo 2), adoptando um modelo de calibracdo baseado na regressao
linear ponderada (Capitulo 3); (2) realizar um estudo farmacocinético (Capitulo 4) com vista a
caracterizagdo da amostra de doentes epilépticos, envolvendo as seguintes sub-analises: (a)
avaliagdo dos niveis séricos de LTG normalizados pela dose (estudo nivel-dose basal); (b)
determinagdo dos parametros cinéticos da LTG, (c) validagdo dos parametros obtidos nesta
populacao por avaliagdo da sua capacidade preditiva, e, por ultimo, (d) estudo sobre a influéncia
da descontinuacgao terapéutica (suspensao de CBZ/VPA) na evolugdo das concentracdes de
LTG durante o internamento; (3) avaliagdo farmacodindmica da LTG (Capitulo 5) baseada na
busca de eventuais relagdes entre a ocorréncia de crises e 0s niveis séricos de LTG,
considerando as seguintes variaveis: (i) o tipo de crise, (ii) o tipo de co-medicagéo, e (iii) o tipo de
localizagdo cerebral do foco epiléptico (temporal vs. extra-temporal). Os estudos foram

conduzidos numa amostra de 142 doentes internados para monitorizagdo VEEG, de Outubro de
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1998 a Junho de 2005, na Unidade de Monitorizagao de Epilesia e Sono (UMES), integrada no
Servigo de Neurologia dos Hospitais da Universidade de Coimbra.

Em relagdo ao comportamento cinético da LTG, detectamos uma elevada variabilidade
inter-individual. Foram definidos 4 grupos de tratamento, de acordo com co-medicagéo: Grupo 1
(LTG associada a indutores do metabolismo); Grupo 2 (LTG associada a VPA); Grupo 3 (LTG na
presenga de indutores e inibidores do metabolismo) e Grupo 4 (LTG associada a outros
farmacos sem efeito na metabolizagdo da LTG), cujos valores de tempo de semi-vida de
eliminacdo (90 doentes) foram os seguintes: 10,5+4,5 h, 42,4+11,2 h, 26,7+10,7 h, e 18,2+7,6 h,
respectivamente. A avaliagdo da capacidade preditiva demonstrou a sua exactidao e precisao
em prever concentragdes de LTG. A influéncia da co-medicagdo foi confirmada pelo estudo
nivel-dose basal. Por Uultimo, concluiu-se que, apesar da descontinuagdo da terapéutica
concomitante (CBZ ou VPA), as concentra¢cdes de LTG se mantém constantes, pelo menos
durante os 3 dias que se sucedem a suspensao da terapéutica.

No estudo farmacodinamico foram incluidos 76 doentes que apresentaram epilepsia
parcial (n=315 crises). No momento da crise, foram detectadas diferengas nos niveis séricos de
LTG em fungéo do tipo de crise, do tipo de medicagao e do tipo de localizagdo do foco epiléptico.
Os niveis séricos de LTG observados nas crises dos doentes com epilepsia extra-temporal
(n=132) apresentam valores mais elevados do que nos doentes com epilepsia temporal (n=179)
(p<0,05). Em relagdo a generalizacdo das crises, apesar de nao ter sido possivel observar uma
relagdo clara entre a ocorréncia de generalizagdo secundaria e os niveis séricos de LTG, é no
entanto de realgar as diferencas significativas entre as concentragbes de LTG associadas as
crises parciais simples (concentragées de LTG mais elevadas) por comparacdo com as crises
parciais complexas ou generalizadas (concentragdes de LTG mais baixas). Encontramos um
maior numero de crises generalizadas associadas aos grupos de doentes caracterizados pela
presenca da CBZ e aos doentes com epilepsia extra-temporal.

A ocorréncia das crises parece estar relacionada com os niveis séricos dos farmacos
concomitantes, ou seja com a descontinuagdo de CBZ/VPA, sendo que as crises parecem ser
desencadeadas sem que se verifique alteragao dos niveis de LTG.

Apesar de nao ter sido possivel demonstrar a existéncia de diferengas estatisticamente
significativas relativamente a localizagdo cerebral do foco (temporal vs. extra-temporal), nos dois
grupos estudados (LTG+CBZ e LTG+VPA), parece claro que as crises no grupo LTG+VPA
(76,4+49,3 h) ocorrem consideravelmente mais tarde comparativamente ao grupo LTG+CBZ
(48,6+27,8 h) (p<0,05), o que sugere que a associagdo LTG+VPA podera consubstanciar uma

interacgao farmacodinamica mais favoravel por comparagdo com a LTG+CBZ.
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ABSTRACT

The main goal of pharmacological approach of epilepsy is to achieve seizure control with
minimal adverse effects. Since 1990, a new generation of antiepileptic drugs (AEDs) has
emerged and, until this moment, hundreds of molecules have been tested for seizure control. In
spite of all current pharmacological arsenal more than 30% of epileptic people remain without
seizure remission. These refractory patients, characterized mostly by polytherapy, are often
refered to the epilepsy centres in order to be submitted to video-electroencephalographic (VEEG)
monitoring. VEEG monitoring is a crucial tool for presurgical evaluation and it is often required for
diagnoses purposes. It can be used to differentiate unusual epilepsies from pseudoseizures or
other causes of paroxysmal neurological events. Drug reduction is often used as a seizure
precipitation technique in order to record patient typical seizures.

Lamotrigine (LTG) was one of the first new generation AEDs introduced in Portugal (1994)
for seizure adult add-on therapy. Despite more than a decade of clinical experience, clinical
studies and publications, much of the pharmacokinetic-pharmacodynamic relationship of LTG
remains unknown, especially regarding its application in the VEEG monitoring.

The main goals of the present study were: (1) to develop and validate a high-performance
liquid chromatography (HPLC) assay for the quantification of LTG plasma concentrations
(Chapter 2), using a calibration model based on weighted linear regression analysis (Chapter 3);
(2) to evaluate the pharmacokinetic profile of LTG (Chapter 4) in epileptic patients and investigate
the influence of concomitant AEDs (ex. carbamazepine [CBZ] and valproic acid [VPA]) on the
kinetics of LTG; this was accomplished by (a) determining basal LTG concentration-to-dose ratio,
(b) calculating LTG kinetic parameters, (c) validating portuguese population parameters by using
Prediction-error analysis, and (d) evaluating withdrawal effect of CBZ/VPA on the LTG plasma
levels during VEEG monitoring; (3) pharmacodynamic evaluation of LTG (Chapter 5) was based
on eventual correlations between seizures and LTG plasma levels, considering the: (i) seizure
type, (ii) co-medication profile and (iii) localization of epileptogenic focus (temporal vs.
extratemporal).

The study has been performed in a 142 adult epileptic sample, submitted to VEEG
monitoring in the Epilepsy Monitoring Unit of Coimbra University Hospital, from October 1998 to
June 2005.

The pharmacokinetic study involving 90 patients showed a high inter-individual variability in

the final estimates, especially in the elimination rate constant. Four treatment groups were
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established according to the co-medication: Group 1 - patients taking LTG with enzyme-inducer
agents; Group 2 - patients receiving LTG with VPA; Group 3 - patients receiving both inducers
and inhibitors of LTG metabolism; and Group 4 - patients under AEDs not known to alter LTG
metabolism. The estimates for LTG half-life were the following: 10,5+4,5 h (Group 1), 42,4+11,2 h
(Group 2), 26,7+10,7 h (Group 3), and 18,2+7,6 h (Group 4). These appear to be the most
appropriate set to be implemented in clinical practice as prior information, as demonstrated by
accuracy and precision measures (predictive performance analysis). The influence of co-
medication on the LTG profile was further confirmed by the basal LTG concentration-to-dose
ratio. Furthermore, concerning CBZ/VPA discontinuation effect on LTG, no significant change in
LTG serum levels was observed in the first three days after the inducer or inhibitor withdrawal.

The pharmacodynamic evaluation included 76 patients with partial epilepsy (n=315
seizures). Our results pointed out differences in LTG plasma levels according to seizure type, co-
medication group, and cerebral epileptogenic focus. Ictal LTG serum levels associated to extra-
temporal epilepsy (n=132) were higher than those associated to temporal epilepsy (n=179)
(p<0,05). Also, simple partial seizures seem to be associated to higher LTG levels, whereas lower
LTG concentrations were mainly related to complex and generalized seizures. Although no clear
relationship between secondary generalization and LTG plasma levels could be observed,
significant differences related to simple and complex partial seizures, with or without
generalization, were drawn. Simple partial seizures seem to be associated to higher LTG levels,
whereas lower LTG concentrations were mainly related to complex and generalized seizures.

Also, a great number of secondary generalizations were associated to patients
characterized by the presence of an inducer such as CBZ and related to patients who had
extratemporal epilepsy.

Neurological events (first seizure) seem to be mostly related to CBZ/VPA levels (or
CBZ/VPA tapering), since no significant change was observed in LTG serum levels, before and
after AEDs discontinuation protocol application.

Although it was not possible to demonstrate differences in LTG levels in both groups
(LTG+CBZ Group and LTG+VPA Group) between temporal and extratemporal epilepsy, it was
clear that time to reach seizure was longer in LTG+VPA Group (76,4+49,3 h) than that of
LTG+CBZ (48,6+27,8 h) (p<0,05). Therefore, the results suggest that a more favorable

pharmacodynamic interaction could be attributable to the LTG+VPA association.
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LISTA DE ABREVIATURAS E SIGLAS

2 IND Presenga de mais do que um indutor enzimatico
5-HT 5-hidroxi-triptamina (Serotonina)
8FDG [18FIfluorodesoxiglucose
ADNFLE Autossomal Dominant Nocturnal Frontal Lobe Epilepsy (Epilepsia Frontal Noturna Autossomica Dominante)

AOAC Association of Official Analytical Chemists

A Area do pico de lamotrigina [cromatogramal]
AE Antiepiléptico [farmaco]
AIM Autorizagéo de Introdugao no Mercado

AMPA a-amino-3-hidroxi-5-metil-4-isoxasolepropionato [receptor]
APi Area do pico do padréo interno [cromatogramal
cBz Carbamazepina
CBZ-E Epdxido da carbamazepina [metabolito]
CL Clearance (Depuragéo)
cLB Clobazam
CLZ Clonazepam

Cmax Concentragdo maxima (Pico)
Cnom Concentragao tedérica ou nominal
coO Contraceptivo Oral
Cobs Concentragéo observada
CcVv Coeficiente de Variagéo
CYP Citocromo P45 [sistema enzimatico]
D Dose administrada
DEI Descarga epileptiforme interictal
DP Desvio-padrao
EC Electroforese Capilar

ECG Electrocardiograma

EEG Electroencefalograma
EG Electrografica [crise]

EH Esclerose do Hipocampo
EM Erro Médio de predi¢ao

EMEA Agency for the Evaluation of Medicinal Products (Agéncia Europeia do Medicamento)
EP Erro de Predigao individual
EQM Erro Quadrado Médio de predi¢do
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FBM
FDA
FLE
FPIA
FT
GABA
GBP
GS
HPLC
HUC
[
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ILAC
ILAE
IND
INFARMED
ISO
IUPAC
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ke
LCS
LD
LEC
LEV
LICE
LMR
LQ
LTG

MDR
MRP
MT

Erro Relativo

Etossuccimida

Fraccao absorvida/biodisponibilidade

Fenobarbital

Felbamato

Food and Drug Administration

Frontal Lobe Epilepsy (Epilepsia do lobo frontal)

Fluorescent Polarization ImunoAssay (Imunoensaio de Polarizagéo de Fluorescéncia)
Fenitoina

y-Aminobutyric Acid (Acido gama-aminobutirico)

Gabapentina

Generalizagao Secundaria (crise)

High Performanace Liquid Chromatography (Cromatografia Liquida de Elevada Resolucéo)
Hospitais da Universidade de Coimbra

Intervalo de Confianga

International Conference on Harmonization

International Laboratory Accreditation Conference

International League Against Epilepsy (Liga Internacional Contra a Epilepsia)
Indutor enzimatico/indutor do metabolismo

Autoridade Nacional do Medicamento e Produtos de Saude, |.P.
International Organization for Standardization

International Union of Pure and Applied Chemistry

Constante de velocidade de absorgao

Constante de velocidade de eliminacao

Liquido Cerebrospinal

Limite de Detecgao

Liquido Extracelular

Levetiracetam

Liga Internacional Contra a Epilepsia

Limite Maximo de Residuo

Limite de Quantificagéo

Lamotrigina

Média

MultiDrug Resistence

Multidrug Resistence-associated Protein

Motor Thresholds

Nivel sérico

Tamanho da amostra
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N/D
NMDA
OLE
OXcC
PC
PD
PET
PGB
P-gp
Pi
PK
PKS
PLE
PR
PS
RM
RCM
REQM
RLP
RLS
RMT
RSD
SNC
SPECT
SUDEP
ti2
TDM
TGB
TISA
TLC
TLE
tmax
TMS
TPM
UGT
UMES
UE
uv

Nivel-dose [raz&o entre o nivel sérico e dose administrada ou niveis séricos normalizados pela dose]
N-metil-D-aspartato [receptor]

Occipital Lobe Epilepsy (Epilepsia do Lobo Occipital)
Oxcarbazepina

Parcial Complexa [crise]

Pharmacodynamic (Farmacodinamico)

Positron Emission Tomography (Tomografia por Emissao de Positroes)
Pregabalina

Glicoproteina-P

Padréo interno

Pharmacokinetic (Farmacocinético)

Pharmacokinetic System

Parietal Lobe Epilepsy (Epilepsia do Lobo Parietal)

Primidona

Parcial Simples [crise]

Ressonancia Magnética

Resumo das Caracteristicas do Medicamento

Raiz quadrada do Erro Quadrado Médio de predigéo
Regressao Linear Ponderada

Regresséao Linear Simples

Resting Motor Threshold

Relative Standard Deviation

Sistema Nervoso Central

Single Photon Emission Computed Tomography (Tomografia Computorizada por Emissao de Fotdes)
Sudden Unexpected Death in Epilepsy

Tempo de semi-vida de eliminagao

Therapeutic Drug Monitoring

Tiagabina

Therapeutic Intensive Seizure Analysis

Thin Layer Chromatography (Cromatografia de Camada Fina)
Temporal Lobe Epilepsy (Epilepsia do Lobo Temporal)

Tempo necessario para alcangar a Crmax

Transcranial Magnetic Stimulation

Topiramato

Uridino 5-difosfato-glucuronosiltransferase [sistema enzimatico]
Unidade de Monitorizagéo de Epilepsia e Sono

Unido Europeia

Ultra-Violeta [detector]
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vd
VEEG
VGB
VPA
WELAC

ZNS

Volume de Distribuigéo

Video-electroencefalografica [monitorizagéo]
Vigabatrina

Valproic Acid (Acido valpréico)

Western European Laboratory Accreditation Cooperation
Ponderacao [factor de]

Zonisamida
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