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This manuscript is dedicated to the memory of Professor Pierre Loiseau, Bordeaux, France, who suddenly left us on March 29th, 2004. Pierre
was an eminent epileptologist and a great human being, and he was for many years a member of the Eilat Conferences Organizing Committee.
His excellent scientific ability and human modesty remind us of the words from the song:” Where are there more people like
this great man?..”

Abstract

The Seventh Eilat Conference on New Antiepileptic Drugs (AEDs) (EILAT VII) took place in Villasimius, Sardinia, Italy from
the 9th to 13th May 2004. Basic scientists, clinical pharmacologists and neurologists from 24 countries attended the conference,
whose main themes included advances in pathophysiology of drug resistance, new AEDs in pediatric epilepsy syndromes, modes
of AED action and spectrum of adverse effects and a re-appraisal of comparative responses to AED combinations. Consistent with
previous formats of this conference, the central part of the conference was devoted to a review of AEDs in development, as well
as updates on second-generation AEDs. This article summarizes the information presented on drugs in development, including
atipamezole, BIA-2-093, fluorofelbamate, NPS 1776, pregabalin, retigabine, safinamide, SPM 927, stiripentol, talampanel,
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ucb 34714 and valrocemide (TV 1901). Updates on felbamate, gabapentin, lamotrigine, levetiracetam, oxcarbazepine, tiagabine

topiramate, vigabatrin, zonisamide, new oral and parenteral formulations of valproic acid and SPM 927 and the antiepileptic
vagal stimulator device are also presented.
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The Seventh Eilat Conference on New Antiepilep-
tic Drugs (AEDs) (EILAT VII) took place in Villasim-
ius, Sardinia, Italy from the 9th to 13th May 2004.
Basic scientists, clinical pharmacologists and neurolo-
gists from 24 countries attended the conference, whose
main themes included advances in pathophysiology of
drug resistance, new AEDs in pediatric epilepsy syn-
dromes, modes of AED action and spectrum of adverse

Atipamezole

effects and a re-appraisal of comparative responsess 1. 1. |ntroduction

to AED combinations. Consistent with previous for-

mats of this conference, the central part of the con-

ference was devoted to a review of AEDs in develop-

az-Adrenergic agonists are known to possess ac-
tivity against seizures induced by kainic acBlagan
et al., 198% and pentylenetetrazol (PTZKglkarni,

ment, as well as updates on 'second—.generation AEDs.1981). They also suppress audiogenic seizures in ge-
This article summarizes the information presented on petjcally epilepsy-prone DBA/2J mic&¢llog, 19786.

drugs in development, including atipamezole (AMZ),
BIA-2-093, fluorofelbamate (FFBM), NPS 1776, pre-

gabalin (PGB), retigabine (RGB), safinamide (SAF),
SPM 927, stiripentol (STP), talampanel (TLP), ucb
34714 and valrocemide (TV 1901, VLR). Updates
on felbamate (FBM), gabapentin (GBT), lamotrigine
(LTG), levetiracetam (LEV), oxcarbazepine (OXC),

tiagabine (TGB), topiramate (TPM), vigabatrin (VGB),

zonisamide (ZNS), new oral and parenteral formula-
tions of valproic acid (VPA) and SPM 927 and the
antiepileptic vagal stimulator device were also pre-
sented.

2. Drugs in development
2.1. Atipamezole

A. PitkanerP, J. Nissinef, A. Haapalinng, J.
Sirvio®©

aA.l. Virtanen Institute for Molecular Sciences, Uni-
versity of Kuopio, Kuopio, Finland

Studies in the kindling model have shown that deple-
tion of noradrenaline facilitates and enhancement of
ag-adrenergic transmission delays the development of
kindling. This delay is mediated by activation of postsy-
napticaz-adrenoceptorgdellman et al., 1987 Based

on molecular cloningyz-adrenoceptors can be divided
into apa, a2p, andagc subtypes. Recentlyanumpalli
etal. (1998yeported that development of kindling was
facilitated in mice with defectivewxa-adrenoceptors.
These data support the idea thai-adrenoceptors
provides a novel candidate site for attempts to af-
fect neurobiology of activity-dependent plasticity,
one of the components of lesion-induced epileptoge-
nesis.

Several neurobiological alterations that occur dur-
ing epileptogenesis induced by various lesions (status
epilepticus, stroke, trauma) can be targeted with novel
compounds. Such alterations include neurodegenera-
tion (acute, delayed), axonal and dendritic plasticity,
activation and proliferation of various glial cell types,
neurogenesis, reorganization of extracellular matrix,
and molecular organization of cellular membranes
(Pitkanen and Kubova, 2004Based on kindling data,
ag-adrenoceptors provide an attractive target for the



M. Bialer et al. / Epilepsy Research 61 (2004) 1-48 3

modulation of activity-dependent plasticity following
brain injury. This is further supported by experimental
studies in rats that have shown thait-adrenoceptor
receptor blockade has beneficial effects on functional
recovery after traumatic brain lesions and stroke (for
references, sedolkkonen et al., 2000 Use of ap-

adrenoceptor antagonists in studies aiming at modu-

tic animals had milder epilepsy (<1 seizure per day;
P < 0.01), and seizure frequency did not increase over
time compared with the vehicle group. Hilar cell counts
were higher than in the vehicle group € 0.05) and
mossy fiber sprouting was less derBe 0.05). Behav-
ioral impairments were similar between groups. These
data indicate that chronic treatment with AMZ does

lating lesion-induced epileptogenesis can, however, be not prevent epileptogenesis. There is, however, a clear

complicated becausg-adrenoceptor antagonists are
proconvulsant in ratsJanumpalli et al., 1998Further,

in humans, oral administration of a»-adrenoceptor
antagonist, yohimbine, increases cortical excitability
induced by transcranial magnetic stimulatiétewnia

et al., 200). Whether, proconvulsant effects can be re-
duced when receptor subtype specificadrenoceptor

disease-modifying effect; that is, the epilepsy that de-

velops is milder and non-progressive. These are the
first data to demonstrate that the occurrence of sponta-
neous seizures can be modified even when treatment
is started after a delay relative to the epileptogenic

insult.

antagonists become available, remains to be tested. An-2.1.2.2. Other pharmacological propertieéfter s.c.
other question remaining is whether a compound that dosing (1 mg/kg) repeated treatment with AMZ fa-

facilitates functional recovery after brain trauma con-
comitantly alters the risk of lesion-induced epileptoge-
nesis.

Atipamezole [AMZ, MPV-1248, 4-(2-ethyl-2,3-
dihydro-1H-inden-2-yl)-1H-imidazole], am-adreno-

ceptor antagonist synthesized by Orion-Pharma Ltd.,

cilitates sensorimotor recovery after focal cerebral
ischemia in rats Jolkkonen et al., 20Q0 Intra-

venous (i.v.) AMZ reverses the sedative, cardiovas-
cular, and xerostomic effects of dexmedetomidine at
100:1 or 40:1 AMZ:dexmedetomidine concentration
ratios in humans and rats. After oral dosing in hu-

possesses a number of properties that make it an at-mans, neither measurable concentration of the drug in

tractive candidate to test some of the above hypo-
theses.

2.1.2. Pharmacology

2.1.2.1. Pharmacological profile in seizure, epilep-
togenesis and disease modification modélslZ
has no anticonvulsant effects. Similar to other-

plasma nor any pharmacologic effects can be detected
(Karhuvaara, 1991 Currently, an i.v. preparation of
AMZ is used as an antidote fatz-agonist-induced
anesthesia in veterinary medicindgapalinna et al.,
1997).

2.1.2.3. Mechanism of actio’AMZ is more specific

adrenoceptor antagonists, acute administration of high and selective than previously availabig-antagonists.

doses of AMZ can have proconvulsant effects both in
vitro (Valjakka et al., 1991 and in vivo Halonen et

al., 1995. Investigations were conducted recently to
determine whether AMZ affects the recovery process
from status epilepticus (SE)-induced brain trauma in
rats haratishvili et al., 2008 Vehicle or atipame-

zole (100ug/kg/h) treatment was started 1 week af-
ter the induction of SE and continued for 9 weeks
using subcutaneous (s.c.) Alzet minipumps. Develop-
ment and severity of epilepsy, spatial and emotional

learning, and histological analysis were used as out-

In receptor binding studies, itsy/a; selectivity ra-

tio was 8526 compared to 40 and 27 for yohimbine
and idazoxan, respectively. AMZ has high affinity for
aza-, azp- andapc-adrenoceptor subtypes in both hu-
mans and rodents, suggesting that there are no species-
specific differences in its effectd@apalinna et al.,
1997). Based on receptor binding studies and studies
with isolated organ preparations, AMZ has no affinity
or effects o1, B2, H1, Hp, 5HTy, 5HT,, muscarinic,
dopamine B, tryptamine, GABA,, opiate (mu, delta),
and brain or heart benzodiazepine receptors. Pharma-

come measures. Experiments were repeated twice. Nocologic receptor specificity together with behavioral
differences were found in the percentage of animals observationsHaapalinna et al., 1997ndicates that

developing epilepsy in the different treatment groups.
In the AMZ group, however, daily seizure frequency
was lower P < 0.01), a higher percentage of epilep-

AMZ does not markedly affect systems other than
adrenoceptors. Further, AMZ is well tolerated over a
large dose range. Thus, AMZ provides a rather specific
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tool to evaluate the effects ap-adrenoceptor blockade
in vivo.

2.1.3. Safety pharmacology, toxicology and
preclinical pharmacokinetics

AMZ is well tolerated in rodents. In anesthetized,
normotensive rats, the effects of AMZ (0.01-1 mg/kg,
i.v.) on the cardiovascular system are rather mod-
est. An initial, short-lasting hypertensive effect can
be detected. The Lfp is >30mg/kg after i.v., s.c.
or i.p. administration in male and female mice and
rats.

In preclinical pharmacokinetic studies, AMZ was
found to be rapidly absorbed and distributed when ad-

ministered s.c. Peak concentrations in tissues, includ-

ing the brain, are two- to three-fold higher than the
corresponding plasma levels. In rat, the elimination
half- life is 1.3 h after s.c. administration of a single

dose. AMZ undergoes extensive first-pass metabolism.

Drug interactions of AMZ have not been studied in
detail.

2.1.4. Clinical studies

AMZ was found to be well tolerated in phase | stud-
ies in humans after single-dose i.v. or oral administra-
tion (up to 100 mg) as well as after single-dose buc-
cal or sublingual administration (up to 40 mg). Its ef-

fects on the electroencephalogram and on neuropsy-
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BIA 2-093

2.2.1. Introduction

BIA 2-093, S(—)-10-acetoxy-10,11-dihydro-5H-
dibenzo/b,flazepine-5-carboxamide, was designed
with the aim of improving efficacy and safety in
comparison with the structurally related drugs CBZ
and OXC. BIA 2-093 shares with CBZ and OXC the
dibenzazepine nucleus bearing the 5-carboxamide
substituent, but it is structurally different at the
10,11-position Benes et al., 1999 This molecular
variation results in differences in metabolism, includ-
ing prevention of the formation of potentially toxic
epoxide metabolitedHainzl et al., 200

2.2.2. Pharmacology

BIA 2-093 protects in a dose- and time-dependent
manner against seizures in the maximal electroshock
(MES) and amygdala kindling models in rodents,
which are predictive of efficacy against generalized

chological test performance have also been assessed ifonic-clonic and partial-onset seizures respectively

healthy male volunteers given single i.v. doses rang-
ing between 0.027 and 0.1 mg/kiyi¢rvaala et al.,
1993.

The pharmacokinetics of AMZ has been tested in 6
healthy volunteers given i.v. doses of 10-100 mg over
a 20-min infusion period. The elimination half-life of
the drug was found to be in the order of 1.7-2.0 h over
this dose range.

2.2. BIA2-093

P. Soares-da-Silva

Department of Research and Development, BIAL, S.
Mamede do Coronado, Portugal

(Benes et al., 19991n these models, the potency of
BIA 2-093 was similar to that of CBZ and higher
than that of OXC. Mechanistically, BIA 2-093 behaves
as a potent blocker of voltage-gated sodium channels
through interference with site 2 of the channel, and does
not bind to receptors for benzodiazepines, gamma-
amino butyric acid (GABA) and glutamatéifnbrosio

et al., 2000, 2001; Cunha et al., 2002; Parada and
Soares-da-Silva, 2002A.ike AEDs in its class, BIA 2-
093 interferes preferentially with rapidly firing neurons
without affecting normal neuronal activitonifacio
etal., 200}

2.2.3. Toxicology

At doses showing anticonvulsant activity, BIA 2-
093 exhibits no adverse effects on the central nervous
system (CNS) and on the gastrointestinal, renal, car-
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diovascular and respiratory systems. Higher doses maydose excreted in the urine (in a free or conjugated
have CNS-depressant effects. In anaesthetized dogsform) 12 and 24 h after dosing, respectiveiroeida

administration of BIA 2-093 (160 mg/kg, intraduode-

nal) had no significant effect on respiration rate and on

et al., 2002 AImeida and Soares-da-Silva, 2003
Co-administration with food does not change the

ECG and hemodynamic parameters, including arterial pharmacokinetic profile of BIA 2-093 and its metabo-

blood pressure, left ventricular end-diastolic pressure,

lites BIA 2-194 and BIA 2-195. In contrast to OXC,

left ventricular systolic pressure, cardiac output, stroke following oral administration of BIA 2-093, 95% of

volume, peripheral resistance and arterial blood pCO
and pQ.

the drug appears in the plasma &licarzepine or
BIA 2-194 and only 5% undergoes chiral inversion to

Single- and repeat-dose toxicity studies in mice, rats (R)-licarzepine or BIA 2-195. The bioavailability of
and dogs have revealed a favorable safety profile. The BIA 2-093, measured in terms of areas under the curve
no observed adverse effect level (NOAEL) in acute and (AUC) of the metabolites BIA 2-194 and BIA 2-195

chronic (up to 6 months) toxicology studies varied from
20 to 80 mg/kg. NOAEL for male rat systemic toxic-
ity and for reproduction toxicity was 250 mg/kg/day,
while NOAEL for rat female systemic toxicity was
65 mg/kg/day. NOAEL values for developmental toxi-
city and maternal toxicity, F1 generation development,

is 16% greater than that observed after intake of an
equivalent molar dose of OXC.

2.2.5. Efficacy and tolerability data
2.2.5.1. EfficacyA multicenter, double-blind, ran-
domized, placebo-controlled, adjunctive-therapy phase

behavior and reproductive performance, and for rabbit Il study was conducted in 143 male and female patients
maternal and development toxicity varied between 40 aged 18-65 years. At entry, all patients had to have at

and 65 mg/kg. BIA 2-093 was devoid of mutagenic and
clastogenic effects in several in vitro and in vivo tests.

2.2.4. Pharmacokinetics

Single and multiple ascending dose studies in
healthy male volunteers showed that BIA 2-093 is
rapidly converted to the active metabolite BIA 2-
005 (licarzepine or 10,11-dihydro-10-hydroxy-5H-
dibenz[b,flazepine-5-carboxamide). BIA 2-005 is
a racemic mixture of BIA 2-194 §-licarzepine
or 10,11-dihydro-10-hydroxy-5H-dibenz[b,flazepine-
5-carboxamide) and BIA 2-195Rj-licarzepine), the
former being the most prevalent form (95%) in plasma
after oral administration of BIA 2-194. BIA 2-194
((Slicarzepine) and BIA 2-195R)-licarzepine), also
correspond to theg- and R)-enantiomers of 10-
hydroxy-carbazepine, i.e. the monohydroxy (MHD)
active metabolite of OXC. Plasma concentrations of

parent compound were not measurable in healthy vol-

least four partial seizures (with or without secondary
generalization) per month despite treatment with one
or two conventional AEDs. BIA 2-093 was given orally
to two groups of patients for 12 weeks, dosages being
titrated up to 400, 800 and 1200 mg/day at 4-week in-
tervals. In one group, BIA 2-093 was given once daily,
while inthe other group the total daily dose was givenin
two equally divided daily administrations. The primary
endpoint was the proportion of responders (defined as
patients showing at least 50% seizure reduction com-
pared with baseline). In the intent-to-treat (ITT) popu-
lation, the proportion of responders in the BIA 2-093
once daily groupr{ = 50) was higherF < 0.05) when
patients received daily doses of 800 mg and 1200 mg
thaninthe placebo group € 46). No significant differ-
ences in proportion of responders were found between
the once daily and the twice dailp € 47) groups. At

the end of the 12-week treatment phase, respectively
28, 32 and 11% of the patients in the once-daily, twice-

unteers dosed with BIA 2-093 and the peak plasma daily and placebo groups became seizure-free.

concentrations Gmax) of BIA 2-005 occurred at 2

Multinational phase Il trials in refractory partial

to 3h post-dose. The steady-state plasma concentra-epilepsy are planned in the near future.

tions of this metabolite were attained after 4-5 days

of once or twice daily dosing. The half-life of BIA
2-005 is 20-24h, which is probably sufficient for
BIA-2-093 to be administered once daily. BIA 2-

2.2.5.2. Tolerability.In phase | trials in healthy vol-
unteers, adverse events observed with BIA 2-093
were mild in severity except for one subject who re-

005 and its conjugates are excreted predominantly in ported moderate somnolence after receiving an 800 mg

urine, with approximately 20 and 40% of the oral

dose. There were no clinically significant abnormali-
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ties in vital signs, body weight, physical examination
or ECG parameters. QTcB (QT interval corrected us-
ing Bazett’s formula) remained below the normal limit
of 0.430s. In the phase Il trial, the incidence of ad-

in vivo and in vitro tests and the results compared to
FBM and other AEDs. FFBM is effective in all tested

models of electrically induced seizures, it attenuates
seizures induced by subcutaneous administration of

verse events was similar in the three treatment groups picrotoxin (PICR) in mice and blocks sound-induced

(56% in the once daily group, 59% in the twice daily
group, and 60% in the placebo group). Overall, tol-
erability was rated by the investigator as “good” or
“very good” in 90% of patients in the once daily group,
80% in the twice-daily group and 83% in the placebo

group.
2.3. Fluorofelbamate

B.A. Roeckleii, H.J. Kupferberf, J. Stable§ S.
Whited, H. Mortkc?, N. Hartmas, J. Stron§

aMedPointe Pharmaceuticals, Somerset, NJ, USA

bKupferberg Consultants, Potomac, MD, USA

CAnticonvulsant Screening Project, NINDS, NIH,
Bethesda, MD, USA

dUniversiy of Utah, Salt Lake City, UT, USA

®FDA, CDER, Silver Spring, MD, USA

O,

PN NH?

g

Fluorofelbamate

2.3.1. Introduction

Flurofelbanate (FFFM, 2-phenyl-2-fluoro-1,3
propanediol dicarbamate) is a felbanate (FBM)
analogue designed to have clinical efficacy similar to
FBM without the serious adverse effects of the latter.
FFBM differs from FBM in that fluorine is substituted
for hydrogen in the 2-position of the propanediol
moiety. This substitution is thought to prevent the
production of the reactive toxic metabolite of FBM,
atropaldehyde (ATPAL, or 2-phenylpropenal). FFBM
is currently in preclinical development.

2.3.2. Pharmacology
2.3.2.1. Anticonvulsant profileThe anticonvulsant
profile of FFBM was established using standardized

seizures in the audiogenic seizure-prone Frings mouse.
Overall, the results of these studies support the con-
cept that its broad-spectrum anticonvulsant profile is
similar to that for FBM. The ED50 of FFBM is equiv-
alent to and/or three to eight times higher than that of
FBM, depending on the animal model and the protec-
tive index (TD50/ED50) is approximately 167 in the
rat MES model. Minimal toxicity of FFBM was iden-
tified in mice using the rotorod test and in rats by ob-
serving overt evidence of ataxia and abnormal gait and
stance.

When administered early at doses of 100 and
200mg/kg in a self-sustaining status epilepticus
(SSSE) animal model, FFBM reduced cumulative
seizure duration from 39 10min to 154+ 8 min
and 2.4+ 0.5min, respectively. FFBM (200 and
300 mg/kg) also significantly attenuated seizures when
administered at a late stage of SSSE that is refractory to
treatment with conventional anticonvulsariaizarati
etal., 2002.

2.3.2.2. Neuroprotective activittt FBM protects
against chemically (NaCN) induced ischemia in cul-
tured hippocampal neurons, provides dose-dependent
protection against hypoxic CA1 injury in hippocampal
slices, reduces infarct volume after in vivo hypoxia in
rat pups and protects against subicular CA1 damage
associated with transient global ischemia in gerbils
(Wallis et al., 200D

2.3.2.3. Mechanism of actionnitial studies indicated
that 100uM FFBM causes a slight decrease in GABA-
mediated responses and a slight but statistically sig-
nificant decrease in responses to kainate- and NMDA-
receptor activation using whole-cell current measures
in mouse cortical neurons. At a 1M concentra-
tion, FFBM caused a slight but significant decrease in
voltage-dependent sodium currents in NIE-115 neu-
roblastoma cells, down to &t 4% of control values

at a holding potential 060 mV. The mechanism of
action of FFBM, however, cannot be completely ex-
plained by either interactions at glutamate receptors
sites or sodium channels.
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2.3.3. Toxicology
Using a functional observational battery de-

CCMF and CPPA were generated from MCF, when F-
MCF was used there was not production of adducts and

signed to assess neurological toxicities, doses below no fluorinated metabolites, F-CCMF or F-CPPA were
500 mg/kg in rats produced no observable effects. At detected. Furthermore, no de-fluorinated compounds,

500-1000 mg/kg there were deficits in hindlimb grip
strength. Acute toxicity studies in rats and dogs iden-
tified a no-observed-adverse-effect-level (NOAEL) of
500 and 75 mg/kg, respectively. Tests for QTc prolon-
gation in Purkinje fibers and genotoxicity screening

CPPA or CCMF, were detected. Overall, these results
suggest that F-MCF does not enter the pathway that can
generate reactive metabolites from the non-fluorinated
analogue. Additionally, even if small quantities of F-
CCMF or F-CBMA were generated, these metabolites

tests in standard models were negative. are not cytotoxic and, as demonstrated above, will not
form ATPAL adducts. Combined, these data indicate
that FFBM utilizes different metabolic pathways than

FBM and does not form reactive intermediates (e.g.,

ATPAL) from human liver preparations.

2.3.4. Pharmacokinetics and metabolism

In pharmacokinetic studieCnax and AUC in-
creased proportionally with dose in rats and dogs. In
rats, Cmax Was similar for males and females, while
AUC was 20-30% higher in males. Bioavailability in
rats was high, in the range of 82-125% at all dosages
tested. In dogsCmax was reached in 2—6 h and along L.D. Artman, E.L. Sanguinetti, D.S. Wells, C.
with AUC was similar between males and females. The Wilker, T.B. Marriott, A.L. Mueller
terminal half-life in dogs was estimated at 6-9 h.

In the case of FBM, a reactive aldehyde metabo-
lite (ATPAL) is produced from 3-carbamoyl-2-
phenylpropionaldehyde (CBMA) and is thought to be
responsible for the observed cases of aplastic anemia
and liver toxicity. CBMA is in dynamic equilibrium
with 4-hydroxy-5-phenyltetrahydro-1,3-oxazin-2-one
(CCMF). Incubation of CBMA and CCMF with glu-
tathione (GSH) leads to complete formation of adducts 2 4.1. Introduction

over a 24 h periodi{hompson et al., 1996In contrast, NPS 1776 (3-methylbutanamide; isovaleramide) is
when radiolabelled GSH was incubated under similar a branched-chain, low molecular Weight, a|iphatic

conditions, with the fluorinated derivative of CCMF  amide that exhibits a broad-spectrum anticonvulsant
(F-CCMF), spontaneous formation of adducts was not profile in a variety of animal models.
detected in the absence of cellular constituents.

A number of experiments were carried out us- 2.4.2. Pharmacology
ing pooled human liver S9 fractions with and with- 2.4.2.1. Anticonvulsant profileNPS 1776 is orally ef-
out cofactors. Analysis of S9 supernatants that con- fective in a wide range of models, including MES-
tained GSH using HPLC-APCI-MS, indicated that induced seizures and clonic seizures induced by PTZ
no ATPAL was produced from F-CCMF. Conversely inrats and mice; bicuculline (BIC)- and PICR-induced
an ATPAL-GSH adduct was detected when experi- seizures in mice; generalized seizures in corneal-
ments were conducted with CCMF. When NAD+ was kindled rats; secondarily generalized seizures, seizure
added, CPPA (3-carbamoyl-2-phenylpropionic acid) score and after-discharge durationinamygdala-kindled
and the acid form of the ATPAL adduct were gen- rats; spontaneous electroencephalograph (EEG) spike
erated from CCMF. When F-CCMF was used, only and wave patterns of absence seizures in rats; and
F-CPPA was detected and once again there were nosound-induced tonic extensions in Frings audiogenic
detectable adducts and no detectable non-fluorinatedseizure-susceptible mice. NPS 1776 delays the acqui-
CPPA or CCMF. Similar studies with MCF (2-phenyl-  sition of kindling in amygdala-kindled rats, an effect
1,3-propanediol monocarbamate) and F-MCF demon- which is manifested in both seizure parameters exam-
strated additional differences in metabolism. While ined, i.e., seizure score and afterdischarge duration.

2.4. NPS 1776

NPS Pharmaceuticals Inc., Salt Lake City, UT, USA

CHy O

HyC NH,

NPS 1776 (isovaleramide, 3-methylbutanamide)
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Overall, the anticonvulsant profile of NPS 1776 iscom- NPS 1776 did not inhibit mitochondrigl-oxidation at
parable to that of VPA. concentrations up to 10Q0M.
No evidence of tolerance to anticonvulsant effects

was observed in a 4-week study in which Frings mice 2.4.4. Pharmacokinetics

were treated daily with NPS 1776. There was no cross-  Phase | studies included two escalating single-

tolerance of NPS 1776 with either diazepam or VPA. and multiple-dose safety and pharmacokinetic stud-
ies in men and women. In addition, single-dose safety

2.4.2.2. Other pharmacological propertieb1 several and pharmacokinetic studies with multiple sustained-

pharmacological models for general CNS function, release formulations were conducted.

NPS 1776 did not produce significant adverse behav-  In the single-dose study (doses of 100—-1600 mg in

ioral effects at doses that are effective in animal models males, 1200 mg in females), NPS 1776 was found to

of epilepsy. be rapidly and almost completely absorbed from the
NPS 1776 is also effective in animal models for an- gastrointestinal tract, and to be also rapidly eliminated.
tispastic, analgesic and anxiolytic activities. Systemic exposureto NPS 1776 increased with increas-

ing oral doses, and the increas€jpaxand AUC values
2.4.2.3. Mechanism of actiolhe mechanism of ac-  was slightly greater than proportional to the increase in
tion of NPS 1776 is unknown. In a variety of in dose. Values for half-life did not vary markedly with
vitro neurotransmitter binding or uptake assays, NPS dose (1/2—2.4 h,tma—40 min). Renal excretion was a
1776 was without effect at concentrations up to minor route of clearance, with approximately 2—4%
1000uM, suggesting that its action does not involve of the administered dose being excreted unchanged in
a direct receptor-mediated effect at those systems urine within 24 h. Pharmacokinetic parameters of NPS
studied. 1776 in females were not markedly different from those
Ongoing studies include additional investigations in in males.

other seizure models, electrophysiological assessments There was negligible accumulation following t.i.d.
of how NPS 1776 may impact cortical and hippocam- dosing for 9 days in healthy male and female subjects.
pal synaptic transmission, and studies on effects on the Systemic exposureto NPS 1776 increased with increas-

development of cutaneous allodynia. ing dose over the 1200-2400 mg/day dose range (fe-
males, 1200 mg/day only), maximal plasma concentra-
2.4.3. Toxicology tion (Cmax) and area under the plasma concentration-

In extensive safety studies in rats, rabbits, and dogs, time curves (AUG—;) being approximately dose-
NPS 1776 produced a consistent pattern of signs at proportional. Inter-subject variability in pharmacoki-
relatively high doses. The significant findings were re- netic parameters was quite low. The data suggested
lated to exaggerated pharmacological activity and con- that steady state conditions were achieved by day 2.
sisted primarily of transient ataxia and hypoactivity. Renal excretion was minor, with less than 2% of the
NPS1776 was safe and well tolerated by animals at administered dose being excreted unchanged in urine.
exposures well above the expected human therapeutic In two phase | single oral dose studies in healthy
exposure. male subjects, all sustained release prototype formu-

No adverse effects were reported fromin vivo safety lations resulted in a prolonged release of NPS 1776.
studies that investigated the effects of NPS 1776 on One formulation provided a median time to re& iy
pulmonary, cardiovascular, gastrointestinal, and renal (tmax) of 12 h. Although further optimization of the for-
parameters in multiple species. No effect on hERG cur- mulations is required, these studies demonstrated the
rent or action potential duration was observed ininvitro feasibility of twice-daily administration of NPS 1776
studies. in maintaining concentrations within a putative thera-

In several reproductive toxicity studies conducted in peutic range.
mice, rats and rabbits, NPS 1776 showed a significantly
lower potential for reproductive toxicity than VPA. 2.4.5. Drug interactions

VPA and other short-chain fatty acids are known NPS 1776 does not inhibit any of the major drug-
to inhibit mitochondrialB-oxidation and respiration.  metabolizing human cytochrome P450 (CYP) iso-
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forms. Its binding to human plasma proteins is min- 1600 patients with epilepsy have received PGB in clin-
imal. Therefore, significant interactions affecting the ical studies.
pharmacokinetics of concomitantly administered drugs

are not expected. 2.5.2. Pharmacology
2.5.2.1. Anticonvulsant profild?GB exhibits potent
2.4.6. Tolerability activity against seizures induced by MES, PTZ, BIC,

NPS 1776 was well tolerated in all phase | hu- and PICR §elak, 2001; Bialer et al., 2002; Andre et
man studies regardless of formulation or dose. There al., 2003. It is also effective in preventing seizures
were no serious adverse events. There were no drug-in kindled rats, and audiogenic seizures in genetically
related or clinically significant changes in vital signs, susceptible mice. Spontaneous absence seizures (6 Hz
12-lead ECG, clinical laboratory assessments or physi- spike/wave discharges in neocortical EEG) were unaf-
cal examinations. There were also no clinically signifi- fected by 10, 40, or 100 mg/kg PGB, but were slightly
cantdrug-related changes in neurological examination, increased by 200 or 400 mg/kg, i.p. The latter doses
muscle strength and cognitive function. are well above those that are protective in other models

(Bialer et al., 2002
2.4.7. Planned studies

Several phase | pharmacokinetic studies with sus- 2.5.2.2. Mechanisms of actiomn vitro studies have
tained release formulations are planned to begin in the Shown that PGB interacts with an auxiliary subunit (the
US in 2004. A phase Il study for the acute treatment alpha-delta subunit) of voltage-gated calcium chan-
of migraine was initiated in the US in November 2003. nels in the CNSRooley et al., 2002; Taylor, 2004

Additional phase Il studies are planned. Potent binding at this site attenuates depolarization-
induced calcium influx at nerve terminals, with a sub-
2.5. Pregabalin sequent reduction in the release of excitatory neuro-
transmitters, including glutamate, noradrenaline, and

J.A. Barrett, K. Spiege?, J. A. French substance POooley et al., 2000; Field et al., 2001,

Maneuf et al., 2001; Dooley et al., 2002; Fink et al.,
2002; Fehrenbacher et al., 2003

?Pfizer Global Pharmaceuticals, New York, NY, Studies with PGB and a number of structural deriva-

USA tives indicate that binding at the alphalelta site is re-
o T\;'IziSG'LObal Research and Development, Ann Ar- q,ired for anticonvulsant, analgesic and anxiolytic ac-
or, M,

QI . . . tivity in animal modelsi(auria-Horner and Pohl, 2003;
University of Pennsylvania, Philadelphia, PA, USA  ggitorial, 2004. Furthermore, these actions of PGB are

reduced in mutant mice with defective drug binding to

H2N/>{\COOH the alpha—delta subunit. This mechanism of action dif-

H “, CHg fers from the mechanisms of conventional AEDs in that

\<CH PGB does not show affinity for receptor sites and does
8 not alter responses associated with the action of other

Pregabalin (CI-1008) AEDs.
Although PGB is structurally related to GABA, it
2.5.1. Introduction does not interact with either GABAor GABAg re-

Pregabalin (PGB, CI-1008) is tH&enantiomer of ceptors, it is not converted to GABA or to a GABA
3-aminomethyl-5-methylhexanoic acid. PGB has been agonist, and it is not an inhibitor of GABA uptake or
shown to be effective in patients with partial seizures degradation.
with and without secondary generalization, neuro-
pathic pain and generalized anxiety disorder in several 2.5.3. Pharmacokinetics
placebo-controlled trialdgworkin et al., 2003; Feltner PGB shows linear and predictable pharmacokinet-
et al., 2003; French et al., 2003; Pande et al., 2003; ics across the dose range (150-600 mg/day) and there
Arroyo et al., 2004 Overall, to date approximately s little interindividual variability Bialer et al., 2002
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The drug is rapidly absorbed from the gastrointesti- week baseline, patients were required to experience
nal tract, peak plasma concentrations being achievedat least four partial seizures, and to have no 4-week
at about 1 h after dosing. Oral bioavailability=90%, seizure-free interval. Patients were then randomized to
and extent of absorption is unaffected by food in- receive PGB at flexible doses (150 and 300 mg/day for
take. PGB is not bound to plasma proteins and the 2 weeks each, followed by 450 and 600 mg/day for 4

half-life (ty2) is approximately 6h. Following re-

weeks each, with dosage optimized based on clinical

peated administration, steady state is achieved within response), PGB at a fixed dose (600 mg/day from day

24-48h.

Because PGB is excreted virtually unchanged in
urine, it is recommended that patients with impaired
renal function (creatinine clearance <60 mL/min) have
their PGB dose reduce&éndinitis et al., 2003

2.5.4. Drug interactions

There are no known pharmacokinetic interactions
with PGB. PGB does not affect the plasma concentra-
tions of concomitantly administered AEDs. Likewise,
other AEDs have no influence on PGB pharmacokinet-
ics (Editorial, 2004.

PGB is not subject to hepatic metabolism, it appears
to be devoid of enzyme inducing or inhibiting activity
and it does not affect the pharmacokinetics of the con-
traceptive pill Bockbrader et al., 2004

2.5.5. Efficacy and tolerability data
2.5.5.1. EfficacyFour multicenter, 12-week, ran-
domized, double-blind, placebo-controlled adjunctive-
therapy trials have been completed in patients with
partial seizures with and without secondary gener-
alizations uncontrolled by one to three background
AEDs.

Three of the trials were fixed-dose and investigated

1) or placebo. Reduction in seizure frequency was sig-
nificantly greater in the PGB fixed-dose (49.3f65
137;P <0.0001) and in the PGB flexible-dose (35.4%;
n=131;P = 0.009) groups than in the placebo group
(10.6%;n = 73). The fixed-dose group showed greater
reduction in seizure frequency than the flexible-dose
group. Responder rates were 45.3% in the fixed-dose
group, 33.1% in the flexible-dose group, and 11.0%
in the placebo group, differences versus placebo being
highly significant P < 0.001) for both PGB groups.
Discontinuation rates due to adverse events were 6.8%
in the placebo group, 12.2% in the flexible-dose group,
and 32.8% in the fixed-dose group.

Overall, throughout the PGB development program,
a significant reduction in seizure frequency and a lower
incidence of adverse events and study discontinuations
were achieved when dosing was individualized to op-
timize efficacy and tolerability as compared to when
a fixed, high-dose schedule was us&defich et al.,
1999; Robbins et al., 2001; Ramsay et al., 2001

2.5.5.2. Tolerability.In all controlled clinical trials,
PGB was found to be generally well tolerated and to
have a favorable safety profile. The most frequently re-
ported adverse events included dizziness, somnolence

dose-response relationships (50-600 mg/day) and dos3nq ataxia, and were mostly mild to moderate in in-
ing regimens (twice vs. three times daily dosing) in pa- tensity. CNS adverse events tended to increase with
tients with refractory partial epilepsy. Nearly 75% of increasing PGB doses. The efficacy and good tolera-
patients were taking two or more background AEDS jjity of the drug is reflected by the fact that 83% of

with mean and median baseline seizure rates of 22.5pGB_treated patients enrolled in open-label extensions
and 10 per 28 days, respectively. In all three trials, PGB 4 the double-blind treatment phases.

was effective in reducing seizure frequency, and a clear
relationship between dose and response could be show
(Bialer et al., 2002; French et al., 2003; Arroyo et al.,
2004). Responder rates (50% reduction in seizure fre-
quency from baseline) ranged from 14% at 150 mg/day
to 45% at 600 mg/day.

nZ.6. Retigabine

J. French, R. Porte?, V. Nohrid

The fourth trial evaluated efficacy, safety, and tol-
erability of PGB administered twice daily either at
flexible-doses (150-600 mg/day) or at a fixed-dose
(600 mg/day) in a total of 341 patients. During a 6-

aDepartment of Neurology, University of Pennsyl-
vania, Philadelphia, PA, USA

bEmory University, School of Medicine, Atlanta,
GA, USA
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Retigabine (D-23129)

2.6.1. Introduction

Retigabine (RGB, D-23129) oN-[2-amino-4-(4-
fluorobenzylamino)-phenyl]carbamic acid ethyl ester,
is structurally unrelated to marketed AEDS. Its unique
potential as an anticonvulsant was identified during
screening at the National Institutes of Health in 1991.

2.6.2. Pharmacology
2.6.2.1. Anticonvulsant profileRGB has demon-
strated potent anticonvulsant activity in several animal
models, including models with electrical and chemical
induction of convulsions and genetic epilepBpétock
et al., 1998. Additionally, RGB has shown effective-
ness in the kindling model of epileptogenesisiger
etal., 1996.

RGB exerts its antiepileptic effects in a manner un-

11

mechanism involving potentiation of GABA-evoked
currents.

2.6.3. Toxicology

RGB was well tolerated in repeat-dose toxicity stud-
ies in various rodent and non-rodent species lasting up
to 1 year. The predominant CNS side effects were seda-
tion accompanied by hyperexcitability and decreased
body temperature. During chronic treatment, depen-
dence liability was not observed.

2.6.4. Pharmacokinetics

Phase | studies have demonstrated rapid absorption,
with mean maximum concentrations of 387 ng/mL
(normalized to a 100 mg dose) within 1.5h of a sin-
gle oral dose (mean absolute bioavailability, approxi-
mately 60%). The mean terminal half-life of RGB is
8-9h and the mean oral clearance is 0.70L/h/kg in
white adult subjects. In black subjects, clearance is de-
creased by 25%Herron et al., 2002

In humans, RGB undergoes virtually exclusive
phase Il biotransformation and renal elimination. There
is no indication of biotransformation via oxidative

like standard anticonvulsants, being more potent in the hepatic pathways; e.g., cytochrome P450 isoenzymes

amygdala-kindling model of complex partial seizures

(Hempel et al., 1999 RGB is principally metabo-

inrats, than in other seizure models (e.g., the MES test) |ized by N-glucuronidation resulting in the formation

(Tober et al., 1996 The majorN-acetyl metabolite of
RGB also shows anticonvulsant activity in animal mod-
els.

2.6.2.2. Other pharmacological propertiebn-
proved learning performance was observed in a
model of cerebral ischemia and similar findings

were observed during electroshock amnesia, sug-

gesting possible neuroprotective activity in cerebral

of two distinct N-glucuronides, and to a lesser ex-
tent by N-acetylation to form an activl-acetyl deri-
vative.

2.6.5. Drug interactions

The pharmacokinetics of ethinylestradiol/norgestrel
contraceptive steroids are not altered with concomitant
RGB administrationiiller etal., 1999. In addition, no
food interactions have been found (data on file). Mul-

deficit models. RGB also causes a dose-dependenttiple doses of RGB (600 mg/day for 3 days following

suppression of chronic neuropathic pain in two
animal models (formalin test and spinal nerve injury
test) (data on file;Blackburn-Munro and Jensen,
2003.

2.6.2.3. Mechanisms of actio@ompared with exist-
ing AEDs, RGB is unique in that it exhibits a selec-
tive and potent M-current potassium channel opening
effect at the KCNQ2/3 and KCNQ3/5 potassium chan-
nels, which causes membrane stabilizatiBar{dfeldt
and Netzer, 2000 The stabilization of hyperexcitable
neuronal cells with RGB is augmented by an ancillary

a 4-day titration period) did not have any effect on the
single dose pharmacokinetics of PB (90 mg) in healthy
volunteers. However, multiple doses of PB (90 mg for
3 weeks) caused a 10% increase in AUC for a single
200 mg dose of RGB. The clearance of a single dose
of RGB (200 mg) was slightly reduced (13%) by co-
administration of a low dose of LTG (25 mg/day) for 6
days. Conversely, the clearance of a single dose of LTG
(200 mg) was modestly increased (21%) and LTG half-
life was slightly decreased after multiple dosing with
RGB (400-600 mg/day for 10 daysiiérmann et al.,
2000. However, such interactions did not require any
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dose adjustments in further phase Il studies and do nottremor, speech disorder, amnesia, vertigo, and abnor-
appear to be clinically important. mal thinking. No clinically significant changesin ECGs

A phase Il study that enrolled 60 patients was con- or laboratory parameters have been observed. Discon-
ducted to evaluate the potential for drug interactions tinuation rates due to adverse events ranged between
between RGB and other AEDs. After 6-10 weeks of 13 and 31% for RGB compared with 13% for placebo.
concomitant administration, RGB (1200 mg/day) did
not alter the steady-state serum concentration of VPA, 2.7. Safinamide
TPM, PHT or CBZ in epileptic patient$-€rron et al.,
2007). Additionally, RGB pharmacokinetics were not E. Peruccd M. Onofrj?, A. Thoma$, C. Cattane
altered by VPA or TPM. However, a moderate (ap- R.G. Fariell§
proximately 30%) increase in RGB clearance was ob-
served when administered with PHT or CBZ. There-  2Clinical Pharmacology Unit, Department of Inter-
fore, higher doses of RGB may be required in patients nal Medicine and Therapeutics, University of Pavia,
also taking PHT or CBZ, and RGB doses may need to Pavia, Italy

be decreased upon discontinuation of PHT or CBZ. bDepartment of Neurology, D’Annunzio University,
Chieti, Italy
2.6.6. Efficacy and tolerability data ®Newron Pharmaceuticals, Bresso (Milan), Italy
2.6.6.1. Efficacy.To date, five early phase Il studies 0
and one late phase Il study have been conducted in 600 \
patients with refractory partial-onset seizures. NH,
In a large randomized, double-blind, placebo-
controlled, parallel group, multinational, phase Ilb NHCH;0S0,H

adjunctive-therapy trial in 399 patients, median per-
centage reduction in monthly total partial seizure rate
in patients assigned to RGB (given in three divided F
doses) were 23, 29 and 35% in the 600, 900 and 0
1200 mg/day treatment groups, respectively, compared
with 13% in the placebo group. Corresponding 50% .
responder rates were 23, 32 and 33% for the 600, 900 Safinamide
and 1200 mg/day groups, respectively, compared with
16% for the placebo group. The 600 mg/day dose was 2.7.1. Introduction
not statistically different from placebo, but both 900  Safinamide (SAF, NW-1015, PNU 151774E) is an
and 1200 mg/day were superior to placeBe:(0.001). alaninamide derivative being developed for the treat-
In addition, 1200 mg/day was superior to 600 mg/day ment of epilepsy and Parkinson’s disease. SAF was
in reducing median monthly total partial seizure fre- chosen among a series afaminoamide derivatives
quency P = 0.047). on the basis of its potent and broad antiepileptic spec-

Several patients have been enrolled in open-label, trum and its neuroprotectant properties, combined with
long-term extension studies. Ofthese patients, 200 havea favorable protective index. Robust proof of efficacy
received RGB for 1 year and more than 100 patients has been obtained after adjunctive use in Parkinsonian
have received RGB for 2 years. Additionally, many patients on dopamine agonists, and phase Il trials in
patients have received RGB for 3-4 years in a long- Parkinson’s disease are already ongoing.
term study while maintaining their efficacy response.

2.7.2. Pharmacology

2.6.6.2. Tolerability. The maximum tolerated daily 2.7.2.1. Anticonvulsant profilesSAF has demon-
dose in the majority of patients in aforced dose titration strated activity, with a good protective index, against
study was 1200 mg/day, administered in three divided seizures induced by MES and several chemoconvul-
doses. The most common adverse events were CNSsants, including BIC, PIC, PTZ, 3 mercapto-propionic
related, including asthenia, dizziness, somnolence, acid and strychnineFariello et al., 1998 SAF is
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also effective in reducing the intensity of amygdaloid- the therapeutic range no activity on the HERG channel
kindled seizures in ratdfaj et al., 1999, in antagoniz- has been detected.
ing limbic afterdischarges in a primate model of com- Chronic toxicology studies in two species (rats and
plex partial seizures induced by stereotactic stimulation primates) have been completed with no findings of con-
of the basolateral amygdalgdriello et al., 200§) and cern. In particular, longer duration studies have not low-
in blocking kainic acid induced seizures and excito- ered the NOAEL from the 12-week studies. Most of
toxic damage in rodentdaj et al., 1998. the observed effects reflect clinical chemistry changes
suggestive of adaptive changes in lipid metabolism,
2.7.2.2. Mechanisms of actiofn rat cortical mem- without target organ toxicity. Overall, SAF has demon-
branes, SAF binds to the batrachotoxin sensitive site 2 strated a satisfactory safety margin.

of the sodium channel complexwith an IC50 of 8.1, SAF is not genotoxic in the AMES and DNA repair
thereby demonstrating higher affinity for this site com- tests. Negative results have also been obtained in in
pared with lamotrigine (LTG, IC50 of 1859M), vitro mutagenicity studies in mouse lymphoma cells

which was used as a reference compound in these ex-and the in vivo micronucleus test. Reproduction studies
periments. In a screening panel of 80 different human are ongoing, whereas no carcinogenicity studies have
recombinant receptors, SAF showed some activity only been performed as yet.
for noradrenaline and dopamine uptake sites and sub-
micromolar affinity for the sigma 2 binding sites. 2.7.4. Pharmacokinetics

In whole cell patch-clamp studies in cortical neu- In healthy subjects and in patients with epilepsy
rons, SAF reduces sodium currents amplitude with an and Parkinson’s disease, SAF exhibits linear pharma-
IC50 of 33uM at —60 mV. IC50 values for N-type and  cokinetics. Plasma drug concentrations after single and
L-type calcium currents inhibition are 23 and 58!, multiple administration increase proportionally with
respectively $alvati et al., 1999 In similar experi- the administered dose.
ments, SAF suppressed sustained repetitive firing at  After single oral doses, peak plasma SAF concen-
concentrations, which were one-half of those needed trations are attained at about 2 h. The rate of absorption
for LTG. These SAF effects are rapidly reversible af- is delayed when SAF is given with a meal, but the ex-
ter wash out. SAF is also a very potent, selective and tent of absorption is unaffected. In a recent repeated-
reversible monoamino oxidase type B (MAO-B) in- dose study in 43 patients with epilepsy receiving up to
hibitor (Strolin Benedetti et al., 1994a mechanism  three concomitant AEDs, plasma SAF concentrations
which explains atleastin partits activity inanimalmod- were linearly related to dose over the explored dose
els of Parkinson’s disease. In plasma enriched plateletrange (50—-300 mg/day). At a dosage of 200 mg/day,
fractions from healthy volunteers, MAO-B was in- peak plasma levels occurred between 5 and 6 h after
hibited with an ED50 of 9@.g/kg after single oral dosing.
doses. In clinical studies conducted in Parkinsonianpa-  SAF is 89% protein bound to plasma proteins. Ap-
tients, MAO-B was fully inhibited at all tested doses proximately 70% of an ingested dose is metabolized
(40-200 mg/day). to a major inactive phase | metabolite which is found

Although the antiepileptic actions of SAF are inplasmaand is conjugated to a second major phase |l
thought to derive mainly from blockade of voltage- metabolite found inthe urine. The half-life of SAF isin
sensitive ion channels and consequent inhibition of the order of 24 h, but somewhat shorter values (about
glutamate release, MAO-B inhibition may contribute 16 h) have been described in patients comedicated with
significantly to anticonvulsant effectk@scher et al., enzyme-inducing AEDs. Because of the relatively long
1999. half-life, once daily administration has been used in

clinical studies.

2.7.3. Toxicology

In acute toxicology tests, the target system is the 2.7.5. Drug interactions
CNS. In studies for acute cardiovascular safety indogs,  Preliminary findings suggest that in patients receiv-
no QT prolongation was observed up to the maximal ing enzyme-inducing AEDs such as CBZ and PB,
used intravenous dose (50 mg/kg). At doses exceedingplasma SAF levels are decreased by about 30% com-



14 M. Bialer et al. / Epilepsy Research 61 (2004) 1-48

pared with those found in patients not taking enzyme mild or moderate, the most common being dizziness,
inducers. This would be consistent with evidence that headache, vertigo, nausea and reversible visual distur-
SAF clearance is partly dependent on the activity of bances (e.g., “blurred vision”). Only four events were
inducible CYP isoenzymes. rated as severe: these included one case each of tran-
In in vitro studies, SAF has shown no inducing or sient dizziness (unrelated to study drug), vertigo (pos-
inhibiting activity on various CYP isoenzymes known sibly related), visual disturbances, which led to dis-
to be involved in the metabolism of other AEDs. These continuation of treatment after 17 days (related) and a
findings would be consistent with the observation that, marked decrease in platelet count (11,000/mL), which
in preliminary studies, SAF, at doses up to 300 mg/day, was attributed by the investigator to a laboratory er-
did not affect the steady-state plasma concentration of ror because platelet counts 2 weeks earlier and one

concomitantly prescribed CBZ, PB, VPA and LTG. week later (whilst still on SAF) were normal. There
Two tyramine interaction studies have been per- were no serious adverse events considered to be re-
formed, one with intravenous tyramin@dttaneo etal.,  lated to the study drug, and no clinically relevant drug-

2003 and the other after oral tyramine challenge. Both related changes in ECG and safety hematology and
studies showed no potential for a clinically significant blood chemistry tests.

interaction.

2.7.6. Efficacy and tolerability data 2.8. SPM927
2.7.6.1. Efficacyln an explorative open-label
adjunctive-therapy study, SAF was titrated up to a
maximum dose of 300 mg/day in 43 patients with

refractory (mostly localization-related) epilepsy, aged  aschwarz BioSciences, Research Triangle Park, NC,
17-78 years and receiving up to three concomitant ysa

AEDs. The design involved a 2-week prospective  bschwarz BioSciences GmbH, Manheim, Germany
baseline, followed by 6-week titration and 6-week

maintenance on SAF. Of the 43 enrolled patients, 38 o OCHs
completed 12-week evaluation and 38 also reached /lk L(H\/@
H3C m * |
O

P. Doty?, D. Kropeif, W. Cawell®, H. Frieh®, T.
StoehP

the target dose, though in four cases this had to
be reduced to 200 mg/day because of non-serious
adverse events (vertigo,= 3) or inadequate seizure
control (O = 1). Although this study was designed
to evaluate tolerability rather than efficacy, 16 of
39 evaluable patients (41%) had a greater than 50%2.8.1. Introduction
reduction in seizure frequency during the period on SPM 927 (harkoseride, ADD 234037) is the
SAF compared with the initial prospective baseline. R-enantiomer of 2-acetamidg-benzyl-3-methoxy-
The proportion of responders decreased to 28% whenpropionamide (in the structure shown above, the chiral
seizure frequency during SAF treatment was compared carbon is designated by an asterisk). SPM 927 is be-
with a 3-month retrospective baseline. Randomized ing developed for the treatment for epilepsy, and it also
placebo-controlled proof-of-concept trials have been undergoing clinical evaluation in neuropathic pain.
planned to confirm these observations. An intravenous formulation of SPM 927 has been
recently developed to facilitate treatment of patients
2.7.6.2. Tolerability.In all studies conducted to date, who receive SPM 927 orally and become temporarily
SAF has been well tolerated. In the explorative open- unable to take oral medications (e.g., peri-operatively).
trial adjunctive therapy described above, 18 patients Intravenous SPM 927 is an isotonic solution contain-
(42%) experienced a total of 40 adverse events, buting the identical drug substance as in the oral for-
in only eight patients (19%), for a total of 20 events, mulation. The formulation is stable at room temper-
the relationship with the study drug was considered to ature and does not require dilution prior to administra-
be “possible” or “probable”. Most adverse events were tion.

SPM 927
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2.8.2. Pharmacology also appear to be similar after oral and intravenous dos-
SPM 927 protects against seizures in various ani- ing.

mal models, including MES, the 6 Hz refractory seizure

model, hippocampal kindling, sound-induced seizures 2.8.5. Drug interactions

in Frings mice and self-sustaining status epilepticus  Studies in healthy subjects have shown that SPM

(Bialer et al., 2002 The molecular mechanisms of ac- 927 (200 mg twice daily for 8, 7 and 10 days, respec-

tion of SPM 927 have not yet been clarified. tively) does not affect the pharmacokinetics of CBZ
(200 mg twice daily for 22 days), VPA (300 mg twice
2.8.3. Toxicology daily, for 17 days), levonorgestrel and ethinylestradiol.

Inrepeated-dose toxicity studies, SPM 927 was well In similar studies, CBZ (200 mg twice daily for 8 days)
tolerated in all species tested. In animal reproductive and VPA (300 mg twice daily for 13 days) were equally
and developmental toxicology studies, developmental found not to affect the pharmacokinetics of SPM 927
toxicity was observed in rats at a maternally toxic dose, (200 mg twice daily for 17 and 22 days, respectively).
but there was no evidence of teratogenicity or adverse  Inagreement with results obtained in healthy volun-

effects on male or female reproductive function. teers, SPM 927 did not appear to influence the plasma
concentrations of other measured AEDs in patients
2.8.4. Pharmacokinetics with epilepsy.

2.8.4.1. Pharmacokinetics after oral dosin§PM
927 is rapidly and almost completely absorbed from 2.8.6. Efficacy and tolerability data
the gastrointestinal tract. There was essentially com- 2.8.6.1. Efficacy.Three open-label phase Il trials in
plete absorption of radiolabelled components after oral epilepsy have been completed to date. The largest trial,
administration, with a mean of 94% recovered in urine conducted in 91 patients taking one or two concomitant
(about 30—40% of the administered dose as unchangedAEDs, involved a 4-week baseline, followed by SPM
drug and about 30% of the dose in the form of e 927 for 10 weeks. Dosing was initiated at 100 mg/day
desmethyl-metabolite) and a mean of less than 0.5% on a twice daily schedule and increased by 100 mg/day
recovered in feces. The bioavailability of SPM 927 ad- per week until each patient reached 600 mg/day (at
ministered orally was about 100% if the peak plasma week 6) or experienced adverse events necessitating
concentration and AUC were compared to the corre- dose reduction. Thereafter, patients entered a 4-week
sponding values after a short-term infusion of SPM maintenance period at their individual maximum toler-
927 during 30 or 60 min. Peak plasma concentrations ated dose (MTD). The median MTD in this study was
are attained at about 1 to 5h after an oral dose, and 300 mg/day; approximately 50% of the patients had
the extent of absorption is not affected by food. SPM an MTD > 400 mg/day and over 25% could tolerate
927 is negligibly (<15%) bound to plasma proteins, 600 mg/day. A median 32% reduction in the frequency
and the half-life is approximately 13 Biagler et al., of partial seizures was observed during the mainte-
2002. nance phase compared with baseline. Thirty-three per-
cent of all patients experienced50% reduction in
2.8.4.2. Pharmacokinetics after intravenous dosing. partial seizures, and this proportion increased to 56%
More than 60 healthy male volunteers have received in the subgroup receiving 600 mg/day. Seven patients
intravenous SPM 927 in four phase | clinical trials. The were seizure-free throughout the 4-week maintenance
highest dose tested has been 300 mg SPM 927. After in-period.
travenous doses, plasma concentration-time curves are  Two phase Il adjunctive therapy trials in patients
similar to those observed with oral intake. Peak plasma with partial seizures are ongoing. These include a
concentrations and AUC values following single oral double-blind, randomized, placebo-controlled parallel-
and intravenous doses are similar when the duration group trial designed to investigate efficacy and safety
of the intravenous infusion is set at 60 min. Elimina- at three doses, and an open-label extension study.
tion half-lives (approximately 13 h) are also compa-
rable between the two routes of administration, both 2.8.6.2. Tolerability.Overall, 104 patients with partial
in whole blood and in plasma. The metabolic profiles seizures have been treated with 100—600 mg/day oral
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SPM 927 incompleted, open-label, phase Il adjunctive- in vitro results seem to confirm a direct effect of this
therapy trials. The nature and frequency of adverse compound on central GABAergic transmission in rat
events have been comparable to those observed durbrain.
ing adjunctive therapy with marketed AEDs. The most The intrinsic antiepileptic properties of STP have
common were CNS-related and included dizziness, not been clarified to date. Most of the actions of STP
diplopia, somnolence, fatigue, and headache. Labora-during adjunctive therapy in vivo are probably in-
tory, ECG, and vital signs measurements revealed nodirect and mediated by inhibition of CYP enzymes
clinically important safety issues. (Perucca, 1999 In particular, inhibition of CYP1A2
Intravenous SPM 927 has been equally well toler- and CYP3A4 in patients with epilepsy taking CBZ
ated in phase | studies conducted in healthy subjects.(Tran et al., 199¥results in marked decrease in CBZ-
Most commonly reported adverse events have been of10,11-epoxide (CBZ-E) formatiolC@zali etal., 2008
mild intensity and similar in nature to those described thereby altering the clinical response to CBZ.
after oral intake, including dizziness and paraesthesia.
Vital signs and ECGs did not reveal significantchanges. 2.9.2.2. Other pharmacological propertie$he po-
tency of STP as an inhibitor of CYP activities led to

2.9. Stiripentol investigate its ability to protect against the hepatotoxic-
ity of paracetamol, an effect dramatically demonstrated
C. Chiron in rats (Tran et al., 2001 Inhibition of CYP enzymes

may also explain STP ability to decrease the terato-

o _ genicity of CBZ and phenytoin (PHT) in mic&igqinell
Neuropediatric Department, Hospital Necker- g 4| 1999,

Enfants Malades, Paris, France and INSERM Unit 29,

Marseille, France 2.9.3. Toxicology
OH Available toxicology documentation covers all stud-
ies required for registration, including chronic toxicity
0 AN studies, reproduction studies, and mutagenic and car-
< cinogenic tests.
Overall, STP showed no conspicuous toxicity at the

high doses tested. There was evidence of hypertrophy
Stiripentol of the liver, probably related to intense drug metabo-
lizing activity in this organ.

2.9.1. Introduction o 2.9.4. Pharmacokinetics

_Stiripentol (STP), an antiepileptic compound from Clinical studies have shown that STP is rapidly ab-
Biocodex, has been investigated and used in Francegqgpeq peak plasma concentrations being observed at
and in Canada for more than 10 years. Its clinical de- 5oyt 1.5 h after dosing. STP is 99% bound to plasma
velopment has been delayed because of drug imerac'proteins Perucca, 1999 The drug shows non-linear
tions resulting from the inhibitory effect of STP onhep-  \jichaelis-Menten) pharmacokinetics, with a decrease
atic cytochromes P450 (CYP) enzymes. Two controlled i, clearance with increasing drug dosagewy et al.,
adjunctive-therapy trials in pediatric populations were 1984; Perucca, 1999STP clearance is higher in pa-
recently completed and, based on these results, STP isjants on enzyme-inducing AEDs than in patients not
about to become the first orphan AED for children in receiving enzyme inducerkdiseau and Duche, 1995
Europe.

2.9.5. Drug interactions

2.9.2. Pharmacology Because of its ability to inhibit CYP enzymes, STP
2.9.2.1. Pharmacological properties related to anti- increases the plasma concentrations of a wide variety
convulsant activity. STP inhibits the synaptosomal up-  of AEDs, including PHT, CBZ, VPA, PB and clobazam
take of GABA (Poisson et al., 1984and preliminary (CLB) (Levy et al., 1984; Tran et al., 1997; Perucca,
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1999. These interactions make it very complicated to mary endpoint (number of patients exiting during the
perform double-blind placebo-controlled adjunctive- double-blind phase) failed to reach statistical signifi-
therapy trials, and to separate the effects of STP from cance (unpublished data).
those resulting from changes in the plasma concentra-
tion of concomitantly given AEDs. 2.9.6.2. Tolerability.In the above trials, adverse
The interaction with CBZ has been investigated events were reported in about half of the patients, but
most extensively, and results in a markedly decreasedcould be minimized by optimizing the dose of comed-
CBZ-E/CBZ ratio. When STP is co-administered with ication. The most frequent reported adverse events in-
CBZ, the dosage of CBZ should be decreased simul- cluded drowsiness, slowing in mental function, ataxia,
taneously by more than 50% to minimize changes in diplopia, loss of appetite, nausea and abdominal pain.
plasma CBZ concentration and to ensure adequate tol-

erability (Tran etal., 1995 Inthe case ofthe interaction
with CLB, the effect of STP appears to be more com-
plex and to involve inhibition of the hydroxylation of
the active metabolite of CLB, nor-clobazafhiron et
al., 2000. The resulting effect is, in any case, a poten-
tiation of the pharmacological effects of this benzodi-
azepine.

2.9.6. Efficacy and tolerability data
2.9.6.1. EfficacyClinical studies of STP in adults
were discontinued in 1995, when no significant effi-
cacy was found in a trial in which STP was associated
with CBZ (Perucca, 1999By contrast, pediatric stud-
ies have yielded more positive results.

In a large open-label adjunctive therapy study in
more than 200 children, combining STP with CBZ or

2.10. Talampanel

N. Bodor

IVAX Research, Inc., Miami, FL, USA
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Talampanel

CLB resulted in a decrease of seizure frequency by 2.10.1. Introduction

over 50% in two epilepsy syndromes, namely (i) par-
tial epilepsy, in which two-thirds of children were re-

Talampanel (TLP) is an orally active, broad-
spectrum anticonvulsant with a novel mechanism of ac-

sponder and 20% became seizure-free, and (ii) severetion (non-competitive AMPA antagonism) and promis-

myoclonic epilepsy in infancy (Dravet syndrome), in

ing results in clinical trials. Information pertaining to

which 10 out of 20 children were responders and three studies completed up to 2001 has been summarized
became seizure-free, whereas none of the other AEDspreviously Bialer et al., 200Rand this overview will

ever controlled seizures in this syndronkefez et al.,
1999. To confirm these results, two placebo-controlled
adjunctive-therapy trials were performed. In the first
trial, conducted in children with Dravet syndrome re-
ceiving concomitant therapy with CLB and VPA, STP
was found to be superior to placeb® € 0.002) de-
spite a limited sample siz€hiron et al., 200D It was

focus on more recent data. The potential of TLP as an
AMPA receptor ligand is not limited to seizure sup-
pression and to synergistic potentiation of the anticon-
vulsant effect of other AEDs, but may extend to other
therapeutic areas, as suggested by activity in animal
models of neuroprotection, dyskinesias, autoimmune
encephalomyelitis, and possibly even can&aaler et

unclear, however, to what extent the benefits observedal., 2003.

during STP therapy were related to an interaction with
underlying AEDs. In the second trial, STP was associ-
ated with CBZ in children with partial epilepsy using
an enrichment and withdrawal design. Although there
were less seizures on STP than on plac&0(.025),

the difference between STP and placebo for the pri-

2.10.2. Pharmacology

2.10.2.1. Anticonvulsant profilelLP shows broad-
spectrum anticonvulsant properties in various ani-
mal models Yizi et al., 1996; Bialer et al., 2002
and potentiates the seizure suppressing activity of
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other concomitantly administered AEDSZuczwar et The plasma protein binding of TLP is in the or-
al., 1998. In particular, TLP is active in amygdala- der of 67—88% Bialer et al., 2002 and the mean
kindled rats at doses of 5 mg/kg, and the combination half-life is approximately 6—7 h after chronic admin-
of TLP (2mg/kg) with VPA (25-75mg/kg) at sub- istration @ialer et al., 2002; Langan et al., 2003
effective doses reduces severity and duration of kindled Following single oral doses (30-35 mg), however, the
seizures withoutimpairing motor coordination (rotorod mean half-life is somewhat shorter, i.e. around 4 h in
test) and long-term memory (passive-avoidance task) healthy volunteers and 3 h in patients taking enzyme-

(Borowicz et al., 2001 inducing AEDs such as CBZ, PHT, or barbiturates
(Langan et al., 2003 After single-dose administra-
2.10.2.2. Mechanism of actio.LP is a singleR(—)- tion in patients taking enzyme inducers, the appar-

stereoisomer that is thought to act non-competitively at ent oral clearance of TLP is higher than in healthy
a novel allosteric site, often referred to as the “GYKI volunteers (81.4 vs. 26.2L/h, respectively), and de-
site” (Solyom and Tarnawa, 20020n the AMPA recep- creases after multiple dosing (39.5 L/bpfgan et al.,

tor complex. The correspondir&f+)-isomer is essen-  2003.

tially inactive. AMPA antagonists are expected to ex- Preclinical studies have indicated tihaacetylation

ert anticonvulsant activity by limiting neuronal hyper- represents a route of TLP metabolism of varying sig-
excitability and by preventing glutamate-driven neu- nificance in different species, being extensive in mon-
ronal damage, a novel and dual mechanism comparedkeys, moderate in rats, poor in mice, and negligi-
to traditional AEDs, which act mainly through GABA ble in dogs. TheN-acetylation of TLP in humans
potentiation or sodium channel blockaddidolson was examined in the mentioned food-effect study fol-
and Leach, 2001 Unlike NMDA receptor antago- lowing genotyping for theN-acetyltansferase NAT2
nists, AMPA antagonists do not block the induction isozymes and phenotyping by using plasmametabolite-
of long-term potentiation, a cellular mechanism essen- to-parent drug molar ratios, and it was found to be of
tial for memory functionsKapus et al., 2000 Non- only relatively small significance. True fast acetyla-
competitive, allosteric antagonists such as TLP, which tors (NAT2*4/*4 homozygous) tended to have some-
interact with binding sites on the receptor that are to- what reduced values of TLP AUC and half-life, and
pographically distinct from the classic (so-called or- somewhat increased clearance values, but none of
thosteric) site, show potential therapeutic advantagesthese differences was statistically significant at the
over competitive, orthosteric antagonists, especially P < 0.01 level even when compared to slow acetyl-
in ligand-gated ion channelChristopoulos, 2002 ators.

For example, contrary to competitive modulation, non-

competitive modulators exhibit a “ceiling” of the ef- 2.10.4. Drug interactions

fect even at excessive doses, and their effect cannot As mentioned above, TLP clearance is increased
be overcome by the presence of excessive endoge-in patients on enzyme-inducing AEDkgngan et al.,
nous ligands because they do not compete for the 2003. A lovastatin interaction study found no changes
same binding site. The latter property is especially in plasma lovastatin levels after 10 days of TLP dos-
important for glutamate antagonists, because gluta- ing (60 mg three times daily) indicating no CYP3A4
mate can be released locally at very high concentra- inhibition or induction Bialer et al., 2002 In a more

tions. recent study in 10 healthy subjects, administration of
VPA (500 mg/day for 5 days consisting of a total of
2.10.3. Pharmacokinetics 10 doses starting on the evening of day 2 with single

TLP is well absorbed from the gastrointestinal tract 25 mg doses of TLP administered on day 1 and 6) did
and reaches maximum plasma concentrations at aboutnot affect significantly P > 0.05) the pharmacokinetic
2 h after dosing. In a food-effect study in 28 healthy parameters of either TLP or ifd-acetyl metabolite.
male volunteers, the only parameter affected in a sta- Conversely, administration of TLP (25 mg) in this study
tistically significant manner by a high-calories high-fat caused a slight increase in trough total and free VPA
meal was the time to reach peak concentratigiaj, concentrations (day 7 vs. day 6), which was not signif-
which increased from 1.9¢ 1.13hto 2.44- 1.06 h. icant (P > 0.05) for total and marginally significar® (
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> 0.04) for free VPA (paired-+est on log-transformed
data).

2.10.5. Efficacy and tolerability data

2.10.5.1. EfficacyAn early double-blind, placebo-
controlled, adjunctive-therapy cross-over study in 49
patients with refractory partial seizures found that,

among patients completing the study, 79% had fewer

seizures while on TLP than while on placel@h@ppell

et al., 2002. Median seizure frequency reduction
was 21%, and TLP showed a statistically sig-
nificant (P < 0.001) effect in reducing the fre-
guency of all seizures as well as simple partial
seizures.

A multicenter, randomized, double-blind, placebo-
controlled phase Il trial of adjunctive-therapy TLP
in approximately 250 patients with partial seizures is
nearing completion. This trial is associated with an op-
tional, open-label follow-on study to determine long-
term safety and efficacy. Currently, more than 70 pa-
tients continue on TLP in this extension study at more
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2.11.1. Introduction

The development of ucb 34714 stems from recog-
nition of the unique pharmacological profile of LEV
(Klitgaard et al., 1998 which correlates with a
novel mechanism of actioMargineanu and Klitgaard,
2002 involving an interaction with a novel binding site
recently discovered to be the Synaptic Vesicle protein
2A (SV2A) (Lynch et al., 2004 This previously led
to the suggestion that LEV may represent a new class
of AEDs (Klitgaard, 200). Interestingly, preclinical
seizure protection afforded by a series of LEV ana-
logues correlates with their binding affinity for SV2A,
whereas no other known AED displays any signifi-

than 20 centers, and more than 60 are receiving TLP in cant interactionIfynch et al., 200% This stimulated

combination with two other AEDs. More than 50 pa-

a drug discovery program at UCB Pharma targeting

tients have been on treatment for more than 4 months, the elucidation of new compounds with significantly
and a number of them have been on treatment for more higher affinity for SV2A than LEV. The rationale be-

than 1 year.
A large multicenter, randomized, double-blind,
placebo-controlled phase Il trial to confirm efficacy

hind this strategy was to enhance the discovery of new
agents that would provide more potent and complete
seizure suppression as well as more significant poten-

and safety in patients with partial seizures has been tial disease-modifying effects than LEV.

planned.

2.10.5.2. Tolerability.In all studies, TLP was found

Approximately 12,000 compounds were screened
for their affinity to the SV2A Kenda et al., 2004 Of
these, approximately 900 were tested in vivo for seizure
protection in audiogenic-susceptible mice and 30 were

to be well tolerated. Dizziness, headache, and somno-gelected for more extensive evaluation in the kindling
lence are the most frequently reported adverse effects.gng genetic animal models of epilepsy. The first suc-
No cognitive or psychomotor impairment has been re- cessful outcome of these efforts was the discovery of
ported. ucb 34714 ((3-2-[(4R)-2-oxo-4-propylpyrrolidinyl]
butanamide), a new pyrrolidone derivative. ucb 34714
displays a markedly higher affinity Kp = 7.1) than

2.11. uch 34714 LEV (pK; = 6.1) for SV2A.

A. Matagné, D. Margineand, Y. Lamberty, M.

2.11.2. Ph |
De Rycl?, B. Kend&, P. MicheP, H. Klitgaard?* armacology

2.11.2.1. Anticonvulsant profilaicb 34714 is signif-
icantly more potent than LEV in protecting against
secondarily generalized motor seizures in corneally-
kindled mice (ERgvalues=1.2vs. 7.3 mg/kg, i.p.)and
against clonic convulsions in audiogenic susceptible

8Preclinical CNS Research, Belgium
bChemistry Research, UCB S.A. Pharma Sector,
Braine-I'Alleud, Belgium
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mice (EDso values = 2.4 vs. 30 mg/kg, i.p.Matagne reversed the hyperalgesia from a dose of 21 mg/kg. In
et al., 2003. Importantly, ucb 34714 also induces a contrast, GBT produced significant anti-hyperalgesic
more potent and complete suppression than LEV of effects at doses of 30 and 60mg/kg in diabetic
both motor seizure severity and afterdischarge duration and mononeuropathic rats, respectively. Ataxia and

in amygdala-kindled rats, as well as spike-and-wave
discharges in GAERS rats.

ucb 34714 is also more potent than LEV in pre-
venting the development of kindling. In mice, chronic
pretreatment twice daily with LEV (1.7-54 mg/kg,
i.p.) and with 10-fold lower doses of ucb 34714
(0.21-6.8 mg/kg, i.p.) prior to corneal stimulation re-
sulted in a similar suppression of kindling develop-
ment Matagne et al., 2003 After a 2-day wash out,
twice daily corneal stimulations were then applied
without any prior drug treatment. These continued
corneal stimulations after termination of treatment re-

sedation were apparent at doses of 60mg/kg for
GBT, but only from a dose of 120 mg/kg for ucb
34714,

ucb 34714 is also active in animal models of es-
sential tremor. The ability of pretreatment with ucb
34714 to antagonize harmaline-induced tremor in rats
was compared to that of several standard anti-tremor
agents and AEDsOe Ryck et al., 2008 Harma-
line tremor (20 mg/kg) was provoked and three be-
havioral tests conducted at 15, 30 and 60 min after
harmaline administration (pick-up, imposed posture
and tilting grid tests), yielding an elicited tremor in-

vealed that ucb 34714 possesses a more significant andlex (ETI). LEV (54-540 mg/kg, i.p.) produced only

persistent ability than LEV to counteract the kindling
process.

In electrophysiological studies in vitro, ucb 34714
(1-10n.M) suppresses significantly evoked epilepti-
form responses recorded in the CA3 area of rat
hippocampal slices following perfusion with a high
potassium—low calcium containing fluiérgineanu
et al.,, 2003. Both the amplitude and the number
of evoked repetitive population spikes are reduced,
with a maximal effect appearing at Ju81. LEV
has previously been shown to produce similar effects,
but its maximal effect is reached at a concentration
which is 10 times as high (32M) (Margineanu and
Klitgaard, 2000. Importantly, ucb 34714 (3,2M) also

reduces the occurrence of spontaneous bursts, while

LEV (32M) is inactive against this drug-refractory
epileptiform marker.

2.11.2.2. Other pharmacological propertiesch

34714 is active in animal models mimicking neu-
ropathic pain. The ability of pretreatment with ucb
34714 and GBT to counteract hyperalgesia was
compared in mononeuropathic (chronic constriction
injury) and diabetic (streptozocin) rats 2 or 3 weeks
following induction of mononeuropathy and diabetes,
respectively lamberty et al.,, 2008 Rats were

treated with ucb 34714 (2.1-68 mg/kg, i.p.) and GBT

minor ETI reductions (3-25%), compared with vehi-
cle controls. In contrast, ucb 34714, at non-sedative
doses, reduced ETI by as much as 25, 53 and 66%
following pretreatment with 38, 70 and 120 mg/kg,
i.p., respectively. Propranolol (2.5-20 mg/kg, i.p.) and
clonazepam (0.3—-3 mg/kg, i.p.) were less active than
ucb 34714 and induced marked postural hypoto-
nia. Primidone (160-320 mg/kg, i.p.) only slightly re-
duced ETI by 10%. CBZ (5-40mg/kg, i.p.), PHT
(50-200 mg/kg, i.p.), VPA (150-450 mg/kg, i.p.) and
GBT (30-120 mg/kg, i.p.) produced a moderate atten-
uation of ETI between 17 and 55%. However, all these
AEDs were only effective at doses yielding prominent
behavioral adverse effects.

2.11.2.3. ToxicologyBehavioral observations with
uchb 34714 (up to 212 mg/kg, i.p.) in amygdala-kindled
rats did not reveal any unwanted neuropharmacological
or psychomimetic effects. Likewise, both ucb 34714
and LEV exhibited good safety margins as reflected
by a high ratio for T3o/EDsq values (for rotarod im-
pairment and seizure protection, respectively) in both
corneally-kindled mice (55 vs. 148) and amygdala-
kindled rats (4 vs. 2)Nlatagne et al., 2003

2.11.3. Ongoing and planned clinical studies
The preclinical results described above suggest po-

(30 and 60 mg/kg, i.p.) and vocalization thresholds tential therapeutic benefits of ucb 34714 in patients
determined with a paw pressure test. In both diabetic suffering from epilepsy, neuropathic pain and essen-
and mononeuropathic rats, ucb 34714 significantly tial tremor. A phase I/ll clinical development program
increased the vocalization thresholds and completely is currently ongoing.



M. Bialer et al. / Epilepsy Research 61 (2004) 1-48

2.12. Valrocemide

M. Bialer

Department of Pharmaceutics, School of Phar-
macy, Faculty of Medicine, The Hebrew University of
Jerusalem, Israel
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Valrocemide (TV 1901)

2.12.1. Introduction

Valrocemide (VLR,N-valproyl glycinamide, TV
1901) was selected from a seried\efalproyl deriva-
tives of GABA and glycine because of its favorable
pharmacokinetic and anticonvulsant activity profiles in
preclinical screening modelSpiegelstein etal., 1999

2.12.2. Pharmacology

VLR protects against seizures induced by MES
and a number of chemoconvulsants, including PTZ,
BIC and PIC Hadad and Bialer, 199Bialer et al.,
1999, 2001, 2002; Isohémen et al., 2001 VLR
is also active in sound-induced seizures in Frings
mice, in the 6Hz psychomotor seizure model and
in hippocampal-kindled ratsBfaler et al., 2002;
Isoherénen et al., 2001 The mechanisms through
which these effects are mediated remain to be
clarified.

A study in an animal model for mania, testing the
effect of VLR on amphetamine-induced hyperactivity
in rats, demonstrated a statistically significant reduc-
tion in both peripheral horizontal activity and vertical
activity. VLR had a significant effect on rearing in rats,
similar to that seen following lithium administration.

2.12.3. Pharmacokinetics
In healthy subjects, VLR exhibits linear pharma-

cokinetics after single oral doses ranging between 250
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of unchanged drug and the formation clearance of val-
proyl glycine account for 57—75% of the apparent oral
total body clearance of VLR. VPA is a minor metabo-
lite, and it has been estimated the fraction of VLR me-
tabolized to VPA is in the order of 4—-69%Bialer et al.,
2002.

2.12.4. Drug interactions

Preliminary results suggest that patients comedi-
cated with enzyme-inducing AEDs exhibit moderately
higher VLR clearance and shorter VLR half-lives com-
pared with healthy volunteers or patients not receiving
enzyme inducersBjaler et al., 200p

Invitro, VLR and its metabolite valproyl glycine are
devoid of inhibiting activity on cytochromes CYP1A2,
CYP2A6, CYP2C9, CYP2C19, CYP2D6, CYP2EZ2,
CYP3A4 or epoxide hydrolaseBialer et al., 2002
Based on these findings, VLR would not be expected
to modify the plasma concentration of concomitantly
administered AEDs.

2.12.5. Efficacy and tolerability data

In preliminary open-label adjunctive therapy stud-
ies in patients with epilepsy, VLR has been found to be
well tolerated at maintenance dosages up to 2000 mg
twice daily Bialer et al., 200 Most adverse events
were mild to moderate and affected the CNS or the gas-
trointestinal tract. Some patients reported lower seizure
frequency during VLR treatment compared with base-
line. Placebo-controlled randomized trials are planned
to confirm these findings.

2.12.6. Ongoing and planned studies

VLR is currently being jointly developed by Teva
Pharmaceutical Ind., Ltd. and Acorda Therapeutics
(USA). The two companies are planning to initialize
a number of clinical drug—drug interaction studies as
well as a phase I/l clinical trial during 2004. An addi-
tional indication evaluated for VLR is bipolar disorder.

and 4000 mg and multiple doses ranging between 250 3. Update on marketed drugs

and 1000 mg three times dailBi@ler et al., 1999,
2001, 2002. Apparent oral clearance values are about
5-7L/h, whereas half-life values are in the order of
6.4-9.4h.

About 40% of an ingested VLR dose is excreted in
urine as valproyl glycine. Overall, the renal clearance

3.1. Felbamate

B. A. Roecklei®, J. Gate®, D. Dicken®

@MedPointe Pharmaceuticals, Somerset, NJ, USA
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bMinnesota Epilepsy Group, PA, Minneapolis, Min-  old post-pubertal female with a history of systemic lu-
nesota, USA pus erythematosus. SLE may have been a predisposing

factor for the development of aplastic anemia.
NH2 Since 1994, itis estimated that 8000—10,000 patients
are treated annually with FBM, Two additional cases

H of aplastic anemia have been reported since the initial
NH» cases occurred. To date, there have been no additional
reports of liver failure.
Felbamate

3.1.3. Mechanism of toxicity

The production of a reactive metabolite, atropalde-
3.1.1. Introduction hyde, which is an extremely electrophilic unsaturated

Felbamate (FBM, FelbatB) was initially approved  aidehyde, has been hypothesized as the toxic interme-
in 1993 for use as first-line treatment of partial seizures gjate resulting in both liver failure and aplastic anemia
with and without generalization in adults with epilepsy  (Kapetanovic et al., 1998Both in vitro and in vivo
and as adjunctive therapy in the treatment of partial data support the production of this toxic intermediate,
and generalized seizures associated with the LennoX-however, no direct causality to liver failure or aplastic
Gastaut syndrome in children. Following the occur- anemia has been established. No definitive predictive
rence of aplastic anemia and hepatic failure associ- test has been identified. A registry was established in
ated with the use of FBM, “Black Box” warnings were  the US to provide a central database for patient infor-
added to the prescribing information in 1994 restrict- mation in an attempt to identify predisposing factors
ing its use to patients with severe epilepsy who respond and/or demonstrate a correlation of a specific human
inadequately to other anticonvulsant medications. leukocyte antigen type or metabolite production to toxi-

Upon approval it was the first new AED brought to  city. Intotal, 1250 patients were registered over a 5-year
the US market since 1978, when VPA was approved for period; however, no correlation was established due to

marketing. The&"BM clinical program included novel  the infrequent toxicity and low number of registrants.
study designs developed in cooperation with the Na-

tional Institute of Neurological Disorders and Stroke 3.1 4. Retrospective case series in a tertiary
(NINDS). FBM was the first anticonvulsant drug to be  carecenter

evaluatedinadouble-blind study in patientswhose pre-  FBM is still considered an important drug in the
vious anticonvulsant therapy had been decreased priorarmamentarium to treat seizures in patients who have
to evaluation for epilepsy surgergurgeois et al.,  proven refractory to all other AEDs. Since approval,
1993; assessed in monotherapy trials with novel de- there have been no postmarketing studies to evalu-
sign Sachdeo etal., 1992; Faughtetal., Ip@Bdthe  ate FBM's efficacy in an actual clinical setting. Re-
focus of the first controlled clinical study of an anticon-  cently, the Minnesota Epilepsy Group summarized the
vulsant to control seizures associated with the Lennox- EBM treatment outcome of 179 adults and 133 chil-

Gastaut syndrome in childreR¢lbamate Study Group  dren, which is approximately the first half of their prac-

in Lennox-Gastaut Syndrome, 1993 tice. Patients had previously failed a mean of5.8.9
AEDs in children and 5.5 2.8 for adults, with mean
3.1.2. Serious adverse events treatment duration of 328 33.2 months for children

Within the first year of marketing, approximately and 47.1+ 45.8 months for adults. FBM treatment
110,000 patients were treated with FBM. Sixteen of the follow-up periods ranged from 3 to 120 months with
18 cases of liver failure and 33 cases of aplastic anemiaa mean of 7.2 months for adults and 5.8 months for
were reported in the first year of marketing, resulting children.
in 9 and 14 deaths, respectively. Nine of the liver fail- The following response rates, as determined from
ure cases occurred in childredgufman et al., 1997;  patient’s charts, were observed in this heterogeneous
Pellock, 1999. In contrast, only one case of aplastic population: 58% of patients had50% reduction in
anemia occurred in the pediatric age group—a 13-year- seizures, 43% had >75% reduction, and 18% became
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seizure free. In general, treatment with FBM was
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The mechanism by which GBT exerts its anticon-

well tolerated. Patients experienced similar treatment- vulsant action is unknown, but in animals test sys-
emergent adverse events as described in the packageéems, GBT exhibits antiseizure activity in mice and
insert but one patient acquired aplastic anemia in this rats in both maximal electroshock and pentylenetetra-

practice.

zole seizure models and other preclinical models (e.g.,

The observations of this case series is consistent strains with genetic epilepsy).

with the efficacy and safety profile demonstrated in ear-
lier randomized controlled clinical studies which were
the basis for approval of FBM.

3.2. Gabapentin

B. Parsond J.A. Barref®, M.J. Brodié®

apfizer Global Pharmaceuticals, New York, NY,
USA

bEpilepsy Unit, University Department of Medicine
and Therapeutics, Western Infirmary, Glasgow, Scot-
land

NH, COOH

Gabapentin

3.2.1. Introduction
Gabapentin (GBT; Neurontin) is currently approved
in 80 countries for adjunctive treatment of partial

3.2.3. Pharmacokinetic update

GBT is absorbed from the gastrointestinal tract
through an amino acid active transport system. As this
transport mechanism can become saturated at clinical
doses of GBT, patients may show intra- and intersub-
ject variability in GBT absorptionGidal et al., 200D
GBT bioavailability is not dose proportional, i.e., as
the dose is increased, bioavailability decreases. GBT
is eliminated from the systemic circulation by renal
excretion as unchanged drug, and clearance is propor-
tional to creatinine clearance. GBT is not appreciably
metabolized in humans, and does not inhibit or induce
CYP450 or UGT isozymes. Therefore, its potential to
interfere with other drugs is minimal, and it does not
demonstrate a pharmacokinetic interaction with hepat-
ically metabolized drugs, such as other AEDs, warfarin
or theophylline [Leiderman, 1994

3.2.4. Efficacy and tolerability update in pediatric
populations

Several multicenter, randomized, double-blind,
placebo-controlled studies of GBT have demonstrated
efficacy and tolerability data in epilepsy in pediatric

seizures, in 37 countries for monotherapy treatment of Populations.

partial seizures, and in 62 countries for the manage-

ment of neuropathic pain conditions. The number of

One study evaluated the efficacy and tolerability of
adjunctive GBT in patients aged 3-12 years with re-

patients who have received GPT is currently estimated fractory partial seizuresAppleton et al., 1999 After

at over 12 million.

3.2.2. Mechanisms of action

Although GBT is structurally related to GABA, it
does not interact with either GABAor GABAg re-
ceptors, it is not converted to GABA or to a GABA
agonist, and it is not an inhibitor of GABA uptake or
degradation.

In vitro studies with radiolabeled GBT have re-
vealed a GBT binding site in areas of rat brain including
neocortex, hippocampus and dorsal spinal cord. A high
affinity binding protein in animal brain tissue has been
identified as an auxillary subunit of voltage-activated
calcium channels.

a baseline period, 247 (patients were randomized to
receive either GBT (titrated to 23—-35 mg/kg/day) or
placebo for 12 weeks. In this study, the primary effi-
cacy measurement was the response ratio (a measure
of proportional change in the rate of partial seizures
between baseline and double-blind phases) for all par-
tial seizures. Other efficacy measurements included the
responder rate and percentage change in seizure fre-
guency of all partial seizures; the response ratio and
percentage of change in seizure frequency for individ-
ual types of partial seizures; and investigator and par-
ent global assessments of seizure frequency and patient
well-being. GBT was significantly better than placebo

in controlling partial seizures in this pediatric popula-
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tion, as measured by the response ratio for all partial while being monitored. Efficacy was measured by cal-
seizuresP < 0.05). Results of the analysis of responder culating the response ratio and the responder rate. GBT
rate for all partial seizures showed no significant differ- showed a trend towards producing favorable results as
ence between the GBT and placebo treatment groups.adjunctive therapy in the treatment of refractory partial
This result may have been due, at least in part, to the seizures, but the difference between GBT and placebo
responder rate among placebo-treated patients, whichdid not reach significance. was safe and well tolerated
was higher than had been anticipated. Somnolence wasn this study. Somnolence and nausea and/or vomiting
the most common adverse event (AE) associated with were the most common AEs reported for GBT. This
GBT. In this pediatric population, GBT as add-on ther- study demonstrates the feasibility of studying AEDs in
apy for partial seizures displayed an efficacy and toler- infants and very young children.
ability profile similar to that seen in adults.

A second pediatric study examined the efficacy and 3.2.5. Efficacy and tolerability update in adult
tolerability of GBT as monotherapy in children with  populations
benign childhood epilepsy and centrotemporal spikes A recent double-blind, randomized, multicenter
(BECTS). Eligible patients were 4-13 years of age, study @rodie et al., 200R has compared the effi-
who had had at least one but not more than ten par- cacy and tolerability of GBT and lamotrigine (LTG) as
tial or secondarily generalized seizures within the 6 monotherapy in 309 adult patients (16 years and older)
months prior to enroliment. In total 226 patients were with recent onset partial and/or tonic-clonic seizures
randomized to receive GPT 30 mg/kg/day or placebo using a flexible dose design to reflect clinical prac-
during the 36-week double-blind treatment period, and tice. All patients were randomized to treatment with
patients on a marketed AED were tapered off that GBT or LTG was titrated up to 1800 mg/day over 2
drug during the first 2 weeks of active treatment. Pa- weeks and LTG was titrated up to 150 mg/day over 6
tients continued on treatment for 36 weeks, or until weeks. In the 24-week maintenance phase, doses could
one of the following exit events occurred: one secon- be adjusted based on AEs or efficacy between 1200 and
darily generalized seizure, three partial seizures, sta- 3600 mg/day for GBT and, 100 and 300 mg/day for
tus epilepticus, or worsening of seizure activity. The LTG. The primary efficacy measurement was time to
Kaplan-Meier survival curves for time to exit for the exit due to: lack of efficacy, an AE, occurrence of status
evaluable population showed that a total of 43 GBT- epilepticus, or the addition of another AED. 69.6% of
treated patients and 60 placebo-treated patients expepatients receiving GBT and 66.2% of patients receiving
rienced an exit event. The median time to exit was LTG completed the study, and 76% of patients in each
significantly longer for the GBT-treated patients in group that completed the study were seizure free dur-
comparison to placebo treated patients (68.0 days anding the final 12 weeks of treatment. In this study, GBT
40.5 days, respectively® = 0.023). This study sug- monotherapy was similarly effective to LTG in terms
gests that monotherapy may be effective for controlling of seizure control and tolerability in patients with par-
seizures in children with BECTS. GBT monotherapy tial seizures with or without secondary generalization
was well-tolerated well tolerated in this pediatric pop- or primary generalized tonic-clonic seizures.
ulation, with the most common adverse event thatwas A recent randomized, muticenter study has com-
5% greater than placebo being headache (GBT=27.4%.pared the efficacy of GBT (1500 mg/day), lamotrigine
placebo 22.3%). The only serious adverse event consid-(150 mg/day) and CBZ (600 mg/day) in the elderly. In
ered to be possibly associated with the study drug was this study, 197 patients received CBZ and 193 received
an episode of hostility in a patient in the GBT group. GBT. Eligible patients had to be 60 years of age or

A third pediatric study $hapiro et al., 2000ex- older, had to have experienced at least one unprovoked
amined the short-term efficacy and safety of GBT as seizure, and had to be expected to live for at least 1
adjunctive therapy for partial seizures in 76 pediatric year. Efficacy measurements included the 1-year com-
patients between 1 and 36 months of age. Eligible pletion rate based on seizure control and tolerability,
patients entered a 48-h baseline period during which and the seizure-free rate. At 1 year, there was a sta-
seizures were monitored on video-EEG, and were then tistically significant difference in the completion rate
randomized to GBT (40 mg/kg/day) or placebo for 72h between patients receiving GBT (49.2%) and patients
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receiving CBZ (36.6%)F = 0.011) (Ramsay, personal
communication). There also was a statistically signif-
icant difference in the drop out rate due to AEs, with
the GBT group showing a lower (21.5%) rate of drop
outs than the CBZ (30.8%JP(< 0.001). There was no
significant difference in the drop out rate due to lack
of efficacy: 4.1% of the GBT patients and 2.8% of the
CBZ patients dropped out due to lack of efficaBy{
ns).

3.2.6. Conclusions

The efficacy profile of GBT as an add-on therapy
for partial seizures in children seems to be similar to
that observed in adults. As monotherapy, GPT is su-
perior to placebo in controlling seizures in children
with BECTS. In infants and very young children, GPT
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junctive therapy for partial seizures in pediatric patients
(age 2 years and older), as monotherapy in adults with
epilepsy when converting from VPA, and for mainte-
nance treatment of adults with bipolar | disorder.

Studies are currently being conducted to determine
the efficacy of LTG in treating primary generalized
epilepsy, neuropathic pain and central pain. Compara-
tive studies are being conducted to determine its effect
on cognition.

3.3.2. Mode of action

The principal mechanism of action appears to in-
volve inhibition of a voltage-activated sodium chan-
nel, resulting in increased inhibition of action potential
firing activity (use dependency). LTG inhibits high-
voltage-activated calcium channels, including the N-

showed a trend towards producing favorable results astype and P-type. In absence epilepsy models, LTG ap-

add-on therapy in the treatment of partial seizures, al-

though this trend did not reach statistical significance.
In all of the above studies in pediatric populations, GBT
was safe and well tolerated.

In newly diagnosed adult patients with partial
epilepsy with and without secondary generalization,
GBT and LTG monotherapy appeared to be similarly
effective and well tolerated. In the treatment of elderly
patients, GBT was superior to CBZ in terms of propor-
tion of patients completing the study.

3.3. Lamotrigine

V. Biton

Arkansas Epilepsy, Program, Little Rock, AR, USA
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3.3.1. Introduction

Lamotrigine (LTG, Lamictd?) is approved for treat-
ment of epilepsy in over 90 countries and it is estimated
that more than two million people are currently treated
with this medication. LTG has been FDA approved for

three new indications over the past 12 months, as ad-

pears to be effective in the pentylenetetrazole model.
It was effective in a lethargic mouse model, which
displayed cortical spike wave discharges, similar to
those found in human absence epilepsy; however, LTG
was not effective in genetic absence epilepsy rats from
Strasbourg (GAERS). LTG was found to be effective
in the epilepsy-kindling model. LTG probably has an
additional novel mechanism that will explain the broad
mechanism of action extending beyond those of typ-
ical voltage-activated sodium channel inhibitors such
as PHT or CBZ.

3.3.3. Pharmacokinetics and interactions

An open-label conversion from VPA monotherapy
to LTG monotherapy in adult populations 16 years
of age) with epilepsy was conducted to determine the
pharmacokinetic outcome of a 4-step model conversion
algorithm. Seventy-seven patients were titrated over 8
weeks to a target LTG dose of 200 mg/day at which
time their VPA dose was reduced by 500 mg/week
over 4 weeks (maximum) reaching a final VPA dose
of 500 mg/day. Patients remained on LTG 200 mg/day
and VPA 500 mg/day for 1 week. Then their VPA
was decreased to 250 mg/day and LTG increased to
300 mg/day for 1 week. After which, VPA was dis-
continued and LTG was increased to 400 mg/day, and
then increased to 500 mg/day the following week. The
pharmacokinetic study revealed a marked stability in
the LTG levels throughout the entire phaSalg et al.,
2003. The FDA has given approval for transition from
VPA to LTG monotherapy.
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A significant effect of oral contraceptives on LTG was 300 mg/day, and of TPM 300 mg/day. Seventeen
was reported by Sabers and co-work&alfers et al.,  neuropsychological tests, with 41 variables, were per-
2003. The mean steady-state plasma concentration of formed. The interim report suggests a differential ef-
LTG in 22 women taking LTG in combination with  fect of LTG versus TPM monotherapy at these dosages
oral contraceptives, compared to that of 30 women tak- across a broad range of neuropsychological testing.
ing LTG without oral contraceptives, was reduced by LTG monotherapy treatmentwas associated with fewer
>50%.Tran et al. (2002)reported findings indicating  cognitive and behavioral side effects than was TPM
that pregnancy increased the LTG clearance by >50%, monotherapy.

an effect occurring early in pregnancy and reversing  One ofthereasons forinfrequentinitial LTG use was
quickly after delivery. The findings are similar to those the concern of patients developing Stevens-Johnson
reported byPennell et al. (2004)he study, conducted  syndrome (SJS). A review of the German Registry for
on 14 women on LTG monotherapy, demonstrated that Serious Cutaneous Reactions showed that of the 6100
the LTG clearance progressively increased until 32 patients on LTG in 1993, 0.08% developed SJS. GSK

weeks gestational age, reaching a peak of >330% of modified the LTG titration rate in 1994 and since, of

baseline, then began to declifgefinell et al., 2004

3.3.4. Tolerability

3.3.4.1. Pregnancy outcome following exposure to
LTG. Results from an 1l-year interim analysis of
reported pregnancy from 1992 through 03/31/03
(Massengil et al., 20Q3evealed a rate of major birth
defects of 3% for first trimester monotherapy LTG ex-
posures, similar to the major birth defect rate of 4%
reported by a UK RegisteMorrow, 2003. The find-
ings are consistent with the frequency of major mal-
formations reported for women with epilepsy on AED

monotherapy (3.6-9.6%). No specific patterns were ob-

served.

3.3.4.2. Oral loading LTGResults from a study ad-
dressing the speed of LTG re-titration in 24 patients
after temporary LTG discontinuation, during inpatient
monitoring unit stay indicated that the single LTG oral
load of 6.5+ 2.7 mg/kg was well tolerated overall. All
patients reached their target blood levels with no seri-
ous adverse events or skin rash obsentsddizabal

et al., 2003. It should, however, be noted that this

study was not adequately powered to detect uncom-

mon events such as skin rashes.

3.3.4.3. Cognitive effectsifty healthy subjects en-
rolled in a double-blind, double-dummy, crossover
study to assess the cognitive effects of LTG and TPM
in healthy volunteers.oring et al., 2003 During the

16 weeks of AED treatment, the initial AED dosage
was titrated over 8 weeks, followed by 4 weeks of

119,200 patients, only 0.02% developed SJS. The rate
in the pediatric population was 0.04%/#éssengil et
al., 2003.

A retrospective analysis of 951 patients taking LTG
(Hirsch et al., 200Brevealed that 5% of the patients
developed a rash, with no occurrence of SJS or toxic
epidermal necrolysis in any of the patients. Previous
rash with another AED, particularly CBZ, was a pre-
dictor of rash with LTG. These findings indicate that
concerns regarding rash and SJS should not be a major
factor in determining potential usage of this drug.

3.3.5. New indications

In 2002, LTG received its first global approval
for use in bipolar disorder. In 2003, LTG received
approval from the FDA for use as an adjunctive therapy
for partial seizures in children 2 years of age and
older (Pina-Garza et al., 2003&nd for maintenance
treatment of adults with bipolar | disorder.

Two studies conducted to determine the effects
of LTG versus lithium in the maintenance treatment
of bipolar disorder separately enrolled depressed or
manic-hypomanic patients into an open-label treat-
ment, followed by randomization to LTG, lithium, or
placebo monotherapy for 18 months. With the primary
outcome of time from randomization until intervention
for an emerging mood episode or drop out of the study
unrelated to bipolar iliness, 638 patients randomized to
18 months of double-blind monotherapy with LTG
280; 30—400 mg/day), lithiumm(= 167; 0.8-1.1 mEq),
or placebo f = 191). The combined analysis showed
that LTG significantly delayed the time to intervention

drug maintenance, 4 weeks of washout, and then a re-for depressive events and lithium significantly delayed
peat of the same sequence. The target dose of LTGthe time to intervention for manic events. Results in-
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dicated that LTG and lithium appear to have distinct represent a new target for therapeutic intervention in
and potentially complementary mood stabilizing prop- epilepsy Lynch et al., 200% This novel binding site

erties. Bowden et al., 2003 is the synaptic vesicle protein, SV2A, which is an inte-
gral membrane protein present on synaptic vesicles and
3.3.6. Planned studies some neuroendocrine celllanz et al., 1999Previous

Studies are currently being conducted to determine studies using targeted gene disruption have suggested
the safety and efficacy of LTG in patients with primary that SV2A is an essential protein implicated in the con-
generalized epilepsy. Other studies are examining com- trol of exocytosis Crowder et al., 1999 however, it re-
parative cognitive effects of LTG and other AEDs, the mains unknown how levetiracetam modulates SV2A.
effect of LTG on reproductive systems and hormones There is an excellent correlation between the binding
as compared to other AEDs, and the safety and efficacy affinity of LEV and its derivatives to SV2A, and their
of LTG for neuropathic pain and other pain syndromes. potency in suppressing tonic seizures in audiogenic

sensitive micelfynch et al., 2003t In contrast, other

3.4. Levetiracetam AEDs (including VPA, CBZ, PHT, ESM, FBM, GBT,
TGB, VGB and ZNS) lack any binding affinity (up to
P. Verdru 100pM) for SV2A, reinforcing that the mechanism of

action of LEV is distinct from that of other AEDs.
UCB S.A. Global Medical Affairs, CNS, S.A.

Pharma Sector, Braine-I'Alleud, Belgium 3.4.3. Pharmacokinetics o .
The steady-state pharmacokinetics of LEV inalarge
population has been found to be dose independent and
o comparable with that observed in smaller scale stud-

‘ || ies conducted previously in healthy volunteers and in
patients with epilepsy. LEV pharmacokinetic parame-
‘ ters are not affected to any major extent by gender or
comedication with other AEDs. Based on these data,

H there appears to be no need to adjust levetiracetam
Levetiracetam dosage according to the type of concomitantly pre-
scribed AEDs Perucca et al., 2003
3.4.1. Introduction Sixty-six percent of a LEV dose is excreted un-

Levetiracetam (LEV, Keppf) is a recently mar-  changed in urine. The major metabolic pathway in-
keted AED that is registered in 46 countries for the volves a hydrolytic process and is not dependent on
adjunctive treatment of partial seizures in adults with the hepatic cytochrome P450 enzyme system. In vitro

epilepsy. data show that the hydrolysis of LEV occurs in human
whole blood Coupez et al., 2003
3.4.2. Novel findings concerning mode of action A LEV 10% oral solution has been shown to be

LEV provides potent seizure protection in kindling a bioequivalent, well-tolerated alternative to the tablet
models of epilepsy and inthe GAERS model of absence formulation in patients who have difficulty swallowing.
epilepsy, suggesting broad-spectrum activity.

Further indications of the disease-modifying po- 3.4.4. Efficacy
tential of LEV has been provided, as it appears that 3.4.4.1. Efficacy as add-on treatment of partial
LEV treatment during kindling may produce enduring seizures in adultsThe efficacy data that resulted in
changes that could alter the sensitivity of the amygdala LEV’s marketing authorization have been confirmed
to subsequent focal stimulations or generalization of in long-term studies, short-term phase IV studies and
those focal seizuresSfratton et al., 2003 in clinical audits.

Arecent discovery by the preclinical CNS Research Of all patients in LEV’s efficacy database (on
group at UCB has revealed that the 90 kDa binding site double-blind, follow-up extension, or open-label stud-
to which LEV and other related acetams bind might ies) that were on monotherapy with another AED prior
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to addition of LEV, 19.8% became seizure free for at
least 6 monthsBen-Menachem et al., 20p®ixty-five
(4.6%) of all patients (1422) were completely seizure-
free from the first day of LEV treatment until the last
day of treatment or the cut-off date. The median dura-
tion of seizure freedom was 385 days.

Improvement in quality of life as measured by
QOLIE-31 remained stable in the long-term, after me-
dian treatment duration of more than 4 yeasamer
etal., 2003.

In KEEPERM, a US phase IV, 16 week open label
study that included 1030 patients, 57.9% of patients
responded with a decrease in seizure frequency of at
least 50%, while 20% became seizure frédo(rell
et al., 2003. In a subset of patients & 78) aged>65
years, similar results were observed, with 76.9 and 40%
of these patients being a 50 or a 100% responder, re-
spectively. A recently published clinical audit reported
77% of patients continuing treatment with LEV after 1
year, with 26% of all patients being seizure free for 1
year Betts et al., 2008

3.4.4.2. Efficacy in childrenA prospective, open la-
bel study Lagae et al., 2003rovided preliminary ev-
idence of LEV's efficacy in the pediatric population
across different seizure types, with 47% of the patients
showing a seizure frequency reduction of more than
50% to treatment. LEV was started at 10 mg/kg/day
and increased every 4 days to a maximum dose of
60 mg/kg/day.

3.4.4.3. Efficacy in monotherapfreliminary data
suggest that LEV may be effective in patients with
new onset seizures. In a retrospective stubliggadi
and Thieman, 200346% of patients were found to be
seizure free.

3.4.5. Efficacy in generalized seizures

Open label data suggest LEV to be efficacious in
patients with idiopathic generalized epileps$rduss
etal., 2003n

3.4.6. Tolerability data
Phase IV studies have confirmed the findings from
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those found in prior clinical studies, 10.1%l(la et
al., 2003 and only rarely (6.9%) necessitating discon-
tinuation of LEV White et al., 2008 LEV has been
shown to be weight neutraz{dal et al., 2008

3.4.7. Other indications

In 2003, case reports or small series of patients de-
scribing LEV's potential efficacy in a broad range of
CNS disorders were reported, including for the treat-
ment of spasticity associated with multiple sclerosis,
myoclonus, refractory postherpetic neuralgia, tardive
dyskinesia, acute mania, etc. Controlled data are lack-
ing however.

3.4.8. Planned studies

Studies are ongoing to evaluate the effectiveness of
LEV in patients with generalized seizures. The recruit-
ment of a monotherapy study in patients with newly di-
agnosed epilepsy is close to completion. Further studies
in other CNS disorders are ongoing.

3.5. Oxcarbazepine

S.C. Schachter

Harvard Medical School, Beth Israel Deaconess
Medical Center, Boston, MA, USA
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Oxcarbazepine
3.5.1. Introduction

Introduced in Denmark in 1990, oxcarbazepine
(OXC, TrileptaP) is registered in over 60 countries

earlier studies. In elderly patients with CNS disorders, worldwide. OXC is approved in the US and Europe
the safety profile of LEV was found to be similar as as adjunctive therapy in partial and secondary general-
compared to younger patients. Behavioral side effects ized seizures and as monotherapy for partial seizures
have been reported with LEV, at incidences similar to in children 4 years and older and in adults.
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3.5.2. Mode of action, pharmacokinetics and drug
interactions

OXC and its active metabolite—10-monohydroxy
derivative (MHD)—Iimit high frequency, repetitive
neuronal firing by blocking voltage-dependent sodium
channels. MHD reduces the frequency of penicillin-
induced epileptiform spike discharges in hippocam-
pal slices, an effect that is reversed by the potassium-
channel blocker 4-aminopyridine. In addition, MHD
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3.5.4. Safety and tolerability

Hyponatremia occurs more commonly with OXC
than with CBZ, including in patients who take OXC
for off-label indications Adkoli, 2003, but is rarely of
clinical significance. Sodium and water handling stud-
ies suggest that hyponatremia could result from a direct
effect of OXC on the renal collecting tubules or an in-
crease oftheir responsivenessto circulating antidiuretic
hormone Sachdeo et al., 2002

produces a reversible, dose-dependent decrease in Based on an anlysis of patients exposed to OXC

high-voltage-activated calcium currents, an effect not
antagonized by nifedipine, and reduces glutamater-
gic transmission. OXC and MHD are similar to CBZ
in their spectrum of anticonvulsant activity in animal
models.

OXC is reduced to MHD by cytosolic, non-
microsomal, non-inducible keto-reductases. MHD is
then glucuronidated by UDP-glucuronosyltransferase.
Because the metabolism of OXC and MHD is unaf-
fected by induction or inhibition of the cytochrome P-
450 system, the potential for interactions with enzyme-
inducing or inhibiting drugs is reduced. Similarly,
in vitro and in vivo studies demonstrated that OXC
and MHD do not inhibit human cytochrome P450
enzymes (CYP1A2, CYP2A6, CYP2C9, CYP2DS6,
CYP2E1, CYP4A9 and CYP4A11). An exception
is CYP2C19—MHD inhibits CYP2C19-mediated
PHT metabolism at therapeutic serum concentrations
(Lakehal et al., 2002

Hepatic impairment does not affect the pharma-
cokinetics of OXC or MHD, but MHD concentrations
are significantly increased in patients with a creatinine
clearance under 30 mL/min and in healthy elderly vol-
unteers aged 60—82 years, probably due to diminished
creatinine clearance.

3.5.3. Efficacy

Previous studies showed that the efficacy of OXC
monotherapy over a 48-week double-blind treatment
period was comparable to PHT, CBZ, and VPA in pa-
tients with newly diagnosed partial onset or primary
generalized seizures but that tolerability for OXC was
better than for PHT and CBZ as measured by prema-
ture study discontinuation due to side effects. A more
recent open-label 48-week extension study has con-
firmed long-term efficacy as monotherapy in 76 pa-
tients with refractory partial epileps@éydoun et al.,
2003.

in randomized trials, OXC appears to be as safe and
well tolerated in patients aged 65 years and older as
in younger adultsutluay et al., 2003 The four most
common adverse events seenin this cohort of 52 elderly
patients exposed to OXC were vomiting (19%), dizzi-
ness (17%), nausea (17%), and somnolence (15%).

3.5.5. Other uses

OXC is effective against hyperalgesia and allodynia
in animal models of pain, including painful diabetic
neuropathy Fox et al., 2003; Kiguchi et al., 2004
Controlled, double-blind trials of OXC in patients with
trigeminal neuralgia have shown positive results, and
open studies in patients with painful diabetic neuropa-
thy are encouragingZ@krzewska and Patsalos, 2002;
Carrazana and Mikoshiba, 200Recent data suggest
a possible role of OXC as adjunctive therapy to lithium
in the acute and long-term management of bipolar dis-
order Benedetti et al., 2004

3.6. Tiagabine

R. Kalviainen

Department of Neurology, Kuopio University Hos-
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3.6.1. Introduction

Tiagabine hydrochloride (TGB, Gabiff}), a selec-
tive y-aminobutyric acid (GABA) reuptake inhibitor
(SGRI), increases synaptic GABA availability via in-
hibition of the GAT-1 GABA transporter on presynap-

3.6.4. Data on potential new indications

Dysfunction of GABA transmission has been im-
plicated in the pathophysiology of anxiety disorders
(Lydiard, 2003. Patients with anxiety disorders of-
ten experience sleep disturbances, such as insomnia;
tic neurons and glial cell88prden et al., 1994; Fink-  the prevalence of complaints of insomnia has been re-
Jensen et al., 1992TGB has been shown effective ported to be approximately 20% in the general popu-
as add-on therapy in adults and children 12 years andlation (Ohayon, 199Y. Of these subjects, 8.4% were
older with refractory partial seizures with or without reported to have a primary diagnosis of a psychiatric
secondary generalization. To date, exposure to TGB disorder, mostly generalized anxiety disorder (GAD)
amounts to 147,686 patient-years (Cephalon Inc., data(Ohayon, 199Y. The effects of TGB on symptoms of

on file).

3.6.2. Tolerability
The most commonly reported adverse events as-

GAD and insomnia are currently being evaluated.

3.6.4.1. Generalized anxiety disordé. 10-week,
randomized, open-label, positive-controlled, blinded-
rater study enrolled outpatients who met the diag-

sociated with the use of TGB are dizziness/lighthe-
adedness, asthenial/lack of energy, somnolence, nau
sea, nervousness/irritability, tremor, abdominal pain
and thinking abnormal/difficulty with concentration or
attention (Gabitril PI, Cephalon Inc.). Most adverse
events are mild to moderate in intensity. In patients
with anxiety disorders, a similar tolerability profile has
been observed, although headache was the most com
monly reported adverse event. Concentric visual field
defects similar to those associated with vigabatrin treat-
ment have not been shown with TGBlviainen et al.,
2001; Krauss et al., 2003b; Nousiainen et al., 2000

nostic criteria for GAD (excessive anxiety and worry
‘about events or activities such as work or school per-
'’ formance; symptoms that have occurred for at least
6 months). Forty patients were randomized to either
TGB (n = 20) or paroxetine( = 20) (Rosenthal,
2003. TGB was initiated at 4 mg/day (2 mg BID) and
titrated by 2 mg every 3 days to response or a maximum
dose of 16 mg/day. TGB (mean dose 10 mg/day; range
4-16 mg/day) significantly reduced symptoms of anxi-
ety (e.g., anxious mood, tension, fear), as shown by the
significant reduction from baseline in the mean score
on the Hamilton Rating Scale for Anxiety at week 10
(24.4 vs. 13.8P < 0.05). TGB also improved sleep
3.6.3. Data on epilepsy quality (Pittsburgh Sleep Quality Index, 11.5 at base-
TGB has been studied as adjunctive therapy in line vs. 6.3 at week 1(® < 0.05). In addition, patient
a placebo-controlled, double-blind multicenter study functioning (participation in work, social, and relation-
in children with partial epilepsy. Altogether 103 pa- ship activities-markers of overall improvement of the
tients were randomized to placebo and 108 patients disorder) was significantly improved (Sheehan Disabil-
to TGB. The age range of patients varied between ity Scale, 15.2 at baseline vs. 7.7 at weekR€;0.05).
2 and11 years. The 7-week titration period was fol- Similarly, paroxetine (27 mg/day; 20-40 mg/day) also
lowed by a 12-week fixed dose period. The initial daily produced significantreductionsin symptoms of anxiety
dose of TGB was 0.1 mg/kg TID; increased weekly andimproved sleep quality and patient functioniRg:(
by 0.1 mg/kg; and the maximum dose 0.4 mg/kg and 0.05). The proportion of patients who achieved remis-
0.7 mg/kg (CYP3A4 uninduced and induced, respec- sion (minimally symptomatic or asymptomatic) was
tively). The median seizure reduction in the placebo- similar for TGB and paroxetine (20%). No comparative
group was 16 and 25% in the TGB-group. Altogether Statistical analyses were conducted due to the nature of
31% of the TGB treated had a 50% or greater reduc- the study and small sample size. Both TGB and parox-
tion in the seizure frequency compared with 19% in etine were well tolerated; adverse events were mild-
the placebo groupR(= 0.021). In children, the most  to-moderate in severity. Furthermore, TGB was not as-
common adverse events reported were headache, somsociated with sexual dysfunction (commonly seen with
nolence, and abnormal thinking (Cephalon Inc., data other medications for this disorder) or weight gain. Re-
on file). sults of an 8-week, randomized, double-blind, placebo-
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controlled, parallel-group study in 272 patients with 3.7.2. Novel findings concerning mode of action
GAD also showed that TGB, when flexibly dosed In recent studies, TPM inhibited GABAreceptor
within the range of 4-16 mg/day and takenin splitdoses mediated depolarizing responses in pyramidal neurons
with food, reduced symptoms of GAD and was gener- inthe CAl region of the rat hippocampus and enhanced
ally well tolerated Pollack et al., 2004 the conductance of some types of Khannelsiferrero

et al., 2002; Russo and Constanti, 200¢he effect on

one K channel was secondary to activation of L-type
3.6.4.2. InsomniaThe effects of TGB 5mg on  cz+ channels. On other K channel(s), TPM (and
sleep parameters were investigated using standardscetazolamide) had what appeared to be a direct mod-
polysomnographic techniques, in a double-blind study jatory effect since the primary involvement of car-
in healthy ‘young old’ subjects (mean age 68:16.6 bonic anhydrase inhibition was excludeRusso and
years;Mathias et al., 2001 Polysomnographic mea-  constanti, 200y
surements of sleep showed an increase in sleep effi- |4 neurons in the basolateral area of the rat amyg-
ciency (total sleep time per time in bed) compared with 315, TPM (1-10Q.M) markedly inhibited kainate re-
placebo (82.2% vs. 78.19%, < 0.05). TGB also in-  ceptor currents, whereas AMPA receptor inhibition was
creased the time spent in slow wave sleep comparedmodest Gryder and Rogawski, 2003 tissue slices
with placebo (62.9 min vs. 32.8 miR;< 0.05;Mathias from the CA3—CA1 region of the mouse hippocam-
et al., 200). The effects of TGB on slow wave sleep pus, TPM had no effect on presynaptic®Cantry and
have been repeated in another study in patients with oy a marginal effect on axonal excitability. At con-
primary insomniaRoth and Walsh, 2004 centrations up to 10@M TPM, postsynaptic Ca
influx was strongly inhibited; the amplitude of the
evoked field excitatory postsynaptic potentials (EP-
SPs) was reduced slightly. This postsynaptic effect did
not involve NMDA receptors or direct modulation of
voltage-dependent &achannels, but was attributed to
effects on AMPA and/or kainate recepto3i&n and

Global Clinical Research & Development, Johnson Noebels, 2008 Several studies have found no TPM

& Johnson Research & Development Pharmaceutical effect on NMDA receptor functionXngehagen et al.,
L.L.C.,NJ, USA 2009.

(0]

3.7. Topiramate

S. Schwabe

CH,0SO,NH, .. . .
3.7.3. New findings on drug interactions

o Q In contrast to earlier findings that ethinyl estra-
H;C )(Cm diol (EE) plasma concentrations were reduced 18-31%
0 o with 200—800 mg/day TPM, no significant effect was
observed with lower TPM doses (50-200 mg/day)
Topiramate (Doose etal., 2003a)lNo significant change in plasma
concentrations of the progestin component was ob-
served with 50—-800 mg/day TPM. The findings related
3.7.1. Introduction to dose-related dependent effects on EE correlate with
Topiramate (TPM, Topam&Y has been extensively  in vitro assays in which significant CYP3A4 induction
studied clinically for its usefulness as a broad-spectrum only occurred with TPM concentrations >pM, con-
agent in refractory and newly diagnosed epilepsy, re- centrations that are unlikely to be achieved with lower
sulting in its approval for adjunctive therapy and/or (e.g., 200 mg/day) TPM dosagédsd]lani et al., 2008
monotherapy in adults and children in more than 95  Drug interaction studies with medications often
countries worldwide. The research program continues used to treat migraine found no significant effect of
to evaluate its profile in epilepsy and other disorders TPM on the kinetics of sumatriptan, propranolol or
and to determine the full scope of its pharmacologic dihydroergotamine; a modest increase (<20%) in the
actions. Cmax Of propranolol active metabolite 4-hydroxy pro-

H3C CH;
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pranolol was observed. Dihydroergotamine did not al- loss and non-specific effects such as headache, fa-
ter TPM kinetics; propranolol caused modest increasestigue, dizziness, somnolence, and nausea. Despite
(<20%) in TPM plasma concentrations. These plasma treatment periods up to 2.2 years, only 13% of pa-
concentration changes are unlikely to be significant tients discontinued due to adverse events compared
clinically (Bialer et al., 2003 In addition, no inter- with 11-19% during the shorter (11-20 weeks) trials
action has been found between TPM and LT®d¢se of 200-600 mg/day TPM as add-on therapy. The in-

etal., 2003a,p cidence of CNS/neurobehavioral events was substan-
tially lower with TPM monotherapy despite higher
3.7.4. Latest findings in epilepsy plasma concentrations than in add-on trials. Discon-

A large multinational, randomized, double-blind, tinuations due to adverse events were less frequent
dose-controlled (50 or 400 mg/day) study evaluated with 100 mg/day TPM versus 600 mg/day CBZ or
TPM as first-line therapy in 470 adults and chil- 1250 mg/day VPARrivitera et al., 2008
dren with newly diagnosed epilepsy characterized  With nearly 3 million TPM exposures worldwide,
by partial-onset or generalized tonic—clonic seizures safety databases were recently analyzed for several ad-
(Arroyo et al., 2002 The maximum interval since verse events shared by carbonic anhydrase inhibitors,
epilepsy diagnosis was 6 months; patients could havei.e., reduced serum bicarbonate levels (hyperchloremic,
one or two seizures in the 3-month baseline. The non-anion gap metabolic acidosis) and oligohidro-
between-group difference in time to first seizure sig- sis/hyperthermia. In clinical trials, TPM was associated
nificantly (P = 0.0002) favored TPM 400 mg. The 6- with a mild to moderate{4 mEqg/L) decrease in serum
month seizure-free rates were 83% (TPM 400 mg) and bicarbonate levels that occurred early and generally
71% (TPM 50mg) P = 0.005); the 1l-year seizure- stabilized. The incidence of markedly low serum bicar-
free rates were 76 and 59%, respectivély=0.001). bonate (<17 mEq/L and >5 mEqg/L decrease from base-
A significant between-group difference was detected line) ranged from 3 to 11% with TPM treatment and 0
during titration when patients were receiving 100 or to <1% with placebo. Serious adverse events in which
25 mg/day, pointing to 100 mg/day as an appropriate metabolic acidosis was observed have rarely been re-
initial target dose. The results for the 151 children or ported (2.2 events per 100,000 patient—years in post-
adolescents (6—15 years) were consistent with thosemarketing surveillance). Although metabolic acidosis
for the overall populationKellock et al., 2008 6- secondary to chronic renal failure has been associated
month seizure-free rates were 90% (TPM 400 mg) and with changes in bone metabolism and slower growth,
78% (TPM 50 mg) P = 0.04); 12-month seizure-free it is not known whether drug-induced metabolic aci-
rates were 85 and 62%, respective/ £ 0.002). In dosis might have similar results. Post hoc analyses of
a double-blind comparative study in which no seizure height data collected in TPM clinical trials, as well as
types/epilepsy syndromes were excluded, 100 mg/day a case-controlled retrospective study in children with
TPM was at least as effective as therapeutic doses ofrefractory epilepsy did not show a significant effect of
CBZ (600 mg/day) or VPA (1250 mg/day) in adults TPM on linear growthorita et al., 200Q.
and children with newly diagnosed epilep&rigitera The occurrence rate for all possible cases of oligo-
et al.,, 2003. The median TPM maintenance dose as hidrosis was 35 per 1 million patients treated; the rate
monotherapy in adults and adolescents was 125 mg/dayfor patients with serious or medically significant oligo-
and 3.9 mg/kg in children <13 years of age in an obser- hidrosis/hyperthermia was 1.6 per 1 million patients
vational in-practice study of open-label TPM in >700 treated as determined from postmarketing surveillance.
patients Guerrini et al., 2008

3.7.6. Evaluation of potential new uses
3.7.5. Tolerability and safety Double-blind placebo-controlled trials have been

More than 1000 patients participated in three conducted to evaluate TPM in disorders other than
double-blind, dose-controlled trials of 50-500 mg/day epilepsy. Three double-blind, placebo-controlled, mul-
TPM as monotherapy in newly diagnosed epilepsy. The ticenter trials of TPM as migraine prophylaxis have
most common adverse events with TPM as monother- been completed, enrolling nearly 1000 patients. A to-
apy were paresthesia, decreased appetite and weightal of 708 patients were treated with 58 & 234),
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100 (N = 245) or 200 mg/dayN = 229) TPM in the
26-week trials. TPM (100 or 200 mg/day) significantly
reduced migraine frequency compared to placebo. The
100 and 200 mg/day doses were not significantly dif-
ferent, making 100 mg/day TPM the lowest effective
target dose for migraine prophylaxis. As of February
2004, TPM was approved as migraine prophylaxis in
22 countries.

Double-blind placebo-controlled exploratory trials
have found significant differences favoring TPM in
essential tremorGonnor, 2002, alcohol dependence
(Johnson et al., 20Q3binge eating disordeMcElroy
et al., 2003 and obesity Bray et al., 200R Random-
ized controlled trials of TPM as monotherapy in acute
mania failed to show a significant treatment effect ver-
sus placebo. Four double-blind, placebo-controlled tri-
als in diabetic neuropathic pain were conducted. In
three 18-22 week trials with identical designs, numeric
differences favoring TPM were not significant. How-
ever, in a 12-week double-blind, placebo-controlled
trial with a different design, therapeutic effects favoring
TPM were significant.

3.8. Vigabatrin
M. Baulac and the Vigabatrin Study Group

Pitie-Salpetrére Hospital, Paris, France

COOH
AA/

NH,
Vigabatrin

3.8.1. Update on vigabatrin related visual field
loss

This update on vigabatrin (VGB) will focus on re-
cent findings about the potential mechanisms underly-
ing visual field loss and the EMEA procedures which

1 John M Wild, Cardiff, United Kingdom; Michel Baulac, Paris,
France; Catherine Chiron, Paris France; Jean-Phillipe Nordmann,
Paris, France; Emilio Perucca, Pavia ltaly; Joseph Burstyn, Paris,
France; Hyosook Ahn, Seoul, Republic of Korea; Enrico Gandolfo,
Brescia, Italy; lvan Goldberg, Sydney, Australia; Francisco Javier
Goni, Barcelona, Spain; Avinoam B Safran, Geneva, Switzerland,;
Ulrich Schiefer, Tubingen, Germany.
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are currently in progress, and particularly on the 4020
Study.

(@) New hypotheses have been suggested in a recent
study conducted in albino rats, showing that VGB
damages cone photoreceptddsiboc et al., 2004
Rats were treated at a daily dosage of 250 mg/kg.
After 45 days, retinal electrophysiology disclosed
retinal dysfunction very similar to the observations
made in humans. Neuropathological study showed
a pronounced disorganisation of the photoreceptor
layer with glial reaction, direct photoreceptor dam-
age (outer/inner segment) and apoptosis, with pre-
dominance at the periphery of the retina. Whether
these pathological consequences of VGB are spe-
cific to albino rats or can also be observed in other
models is an important issue.

From a regulatory point of view, in the EU, VGB
has been submitted to the article 12 of the EMEA,
which permits to maintain a drug on the market,
on a provisional basis, under an ensemble of con-
ditions. The approved indications have been re-
stricted to partial epilepsy when all other appro-
priate drug combinations have proven inadequate
or have not been tolerated and to the treatment of
infantile spasms (in monotherapy).

(b)

A list of commitments has been required, including
legal restrictions to hospitals and/or specialists accord-
ing to country specific situations and an obligation to
inform the CPMP on a 6-month basis of the progress
of the following commitments: information to patients
and prescribers, educational program, pharmacovigi-
lance survey, preclinical and clinical studies. The clin-
ical questions were related to the notions of incidence,
prevalence and evolution of the visual field defects

In previous reports the estimated prevalence of vi-
sual field loss attributable to VGB (VAVFL) ranges
from 14 to 92%. The disparity in the prevalence es-
timates, and the associated equivocal nature of poten-
tial risk factors, is likely to arise from many causes but
particularly from the relatively small cohorts with the
inevitable sampling bias and from the diversity of the
perimetric techniques.

To comply with health authorities’ requirements and
to improve our knowledge on induced visual field de-
fects and more generally on potential AED-induced
visual field defects, a large-scale, multicenter study
has been undertaken in several European countries,



34

M. Bialer et al. / Epilepsy Research 61 (2004) 1-48

the 4020 study. The methodology was presented in months in adults compared to 40.1/35.9 months in chil-

the report from the Sixth Eilat Conference on New
Antiepileptic Drugs Bialer et al., 2002

The rapid changes in medical practice that followed
the initial publication about VAVFL ke et al., 199y
led to adapt the objectives of this 4020 study. In-
deed, from this time on, very few new patients were
started with VGB. Therefore it became impossible to
obtain real notions of incidence. Moreover, many pa-
tients under VGB treatment were discontinued from
the drug, either because they had already VAVFL or

dren and 45.1/40.0 months in adults for those without
VAVFL. The mean cumulative dose of VGB in Group

| was 2.9/2.3 kg for children and 4.1/3.4 kg for adults
with VAVL compared to 1.8/1.7kg in children and
2.8/2.0kgin adults without VAVFL. The corresponding
datafor patients in Group Il with VAVFL was 25.1/23.0
months and 1.3/1.2 kg in children and 38.0/38.0 months
and 2.7/2.3kg in adults compared to 19.5/7.1 months
and 0.8/0.5kg in children and 26.4/20.2 months and
1.8/1.3kg in adults without VAVFL. The prevalence

because the patient’s or phycisian’s preference was toof VAVFL as a function of gender was 51.9% of the

stop VGB. Thus the two groups of VGB-exposed pa-

81 males and 37.2% of the 86 females in Group | and

tients that were considered in the study, the currently- 33.7% of the 95 males and 19.7% of the 71 females in
treated group and the previously-treated group, could Group Il

not be selected without any biases. As a result of these

difficulties, the 4020 study cannot provide real preva-

The high frequency of VAVFL is thus confirmed,
and this study is likely to provide new informa-

lence figures, and can only indicate an estimate of this tion through the multivariate analyses, which are cur-

prevalence.

rently in progress. The evaluation of the long-term

Study 4020 is a multicentre, open label, compara- risk for developing VAVFL, especially after 3 or 4

tive, parallel group, observational, longitudinal study
of the prevalence of visual field loss in patients with
partial refractory epilepsy exposed to VGB. What is

presented here is an interim analysis reporting the ob-

years of VGB treatment, is critical information to
clinicians.

served frequency, the risk factors, and the associated3.9. Zonisamide

characteristics of, VAVFL.
The cohort of 668 patients was stratified by age

R.E. Ramsay

(8—12 years and greater than 12 years of age) and by

exposure to VGB (currently treated [Group I; 47 chil-
dren and 188 adults]; previously treated [Group II; 64
children and 200 adults]; and never treated with VGB
[Group III; 45 children and 124 adults]). VAVFL was

designated as field loss unattributable to a known cause.

The prevalence of VAVFL was defined in terms of the

most recent visual field examination deemed to be reli-
able and in which an outcome could be unequivocally

determined.

The estimate of prevalence of VAVFL, based upon
the results from 441 patients with one or more reliable
visual field examinations yielding unequivocal results
(93/156 children; 348/512 adults), was Group |, 33.3%
inchildrenand 46.7% in adults; Group Il, 17.9% in chil-
dren and 30.7% in adults. The prevalence in Group llI

University of Miami International Center for
Epilepsy, Miami, Florida, USA

SN

N
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Zonisamide

3.9.1. Introduction

Zonisamide (ZNS; Excegr&n Zonegraf) is an
anticonvulsant, chemically distinct from other AEDs.
ZNS is approved in the USA for adjunctive treatment of
partial seizures in adults over age of 16 with epilepsy,

offield loss unattributable to a known cause, and similar and in Japan as add-on and monotherapy for children

in characteristics to that of VAVFL, was zero in chil-

and adults with generalized and partial seizures. It is

dren and 6.0% in adults. The mean/median duration of currently under evaluation in Europe. Worldwide ex-

VGB exposure at inclusion for patients in Group | with
VAVFL was 66.4/58.9 monthsin childrenand 59.2/55.8

perience with ZNS approximates to 2 million patient-
years of exposure.
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3.9.2. Mode of action

While the mechanism(s) by which ZNS exerts its
antiseizure effect is unknown, it has multiple phar-
macological actions that may relate to its useful-
ness in epilepsy. It blocks voltage-sensitive sodium
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Again, geometric mean ratios for key pharmacokinetic
variables with or without the addition of ZNS were
close to 1.00. In the study assessing the effect of ZNS
on ethinyl estradiol and norethindrone, evaluation of
levels of follicle-stimulating hormone, luteinizing hor-

and voltage-dependent calcium T-type channels, en- mone and progesterone signified no loss of contracep-
hances GABA release, blocks the potassium-evoked tive efficacy. Neither desipramine nor the evaluated

glutamate response, and reduces glutamate-mediatedral contraceptive agents appeared to affect the serum
synaptic excitation. Other effects may contribute to its steady-state clearance ortrough concentrations of ZNS.

broad spectrum of activity across various seizure types

(Macdonald, 200R ZNS scavenges nitric oxide and
other free radicals, and inhibits lipid peroxidation and
free radical-induced DNA damage. The antiepileptic
activity of ZNS may therefore also provide protection
of neurons from free radical damage and stabilization
of neuronal membraneMpri et al., 1998.

3.9.3. Pharmacokinetics and drug interactions

ZNS is rapidly and completely absorbed after oral
administration, well distributed to tissues, and rela-
tively slowly cleared from the serum (the half-life
ranges from 50 to 70 h). ZNS is extensively metab-
olized, primarily through reductive cleavage of the
benzisoxazole ring of the parent drug by CYP3A4
to form 2-sulfamoyl-acetyl phenol (SMAP) and also
by N-acetylation; SMAP and parent drug can be glu-
curonidated. The metabolites are devoid of anticonvul-
sant activity. The main route of excretion of unchanged
ZNS and its metabolites is via the urine.

Using a mg/kg dosing regimen in children, ZNS
serum exposurédmax, AUCo—12) was typically higher
in older age children (12-15 years) compared with
younger age children (5-11 yearsplauser et al.,
2002. ZNS serum clearance when normalized to to-
tal body weight (mL/h/kg) was generally higher in
younger compared to older age children, which is often
observed with hepatically metabolized drugdapco
et al., 1999. These results suggest that an alternative
dosing strategy (e.g., perhaps based on body surface
area rather than total body weight) might be required
to achieve more equivalent serum exposure between
different age (or weight) groups of pediatric subjects.
For comparison purposes to findings in adults, unmod-
ified ZNS serum clearance (mL/h) was also calculated
(using the absolute dose administered in mg, rather than
the mg/kg dose). Unmodified serum clearance was typ-
ically higher in older age compared with younger age
children with serum clearance values in the older age
group approaching but still somewhat lower than typi-

A series of studies assessed the potential of ZNS cally observed in adults (data on file; Elan Pharmaceu-

to affect the pharmacokinetics of several commonly ticals). This latter observation is consistent with a pop-
used AEDs (i.e., VPA, LTG, PHT and CBZ) in patients ulation pharmacokinetic analysis of data from subjects
with epilepsy. Key pharmacokinetic variables for these ranging from 12 to 77 years of age (40-128 kg), indi-
AEDs did not differ significantly with the addition of  cating that unmodified ZNS serum clearance (mL/h) is
ZNS, indicating that doses of these agents would not lower in subjects with a lower total body weight (data
need to be adjusted when ZNS is co-administered. Al- onfile, Elan Pharmaceuticals). Lastly, as previously ob-
though the effects of these commonly used AEDs on served in adults, serum exposure was generally lower
ZNS pharmacokinetics were not definitively evaluated in pediatric subjects receiving concomitant treatment
in this series of studies, known CYP3A4 enzyme in- with a known CYP3A4 inducer (e.g., CBZ, PHT etc.),
ducers such as PHT and CBZ appeared to lower the compared with pediatric subjects not receiving these
mean elimination half-life of ZNS to 28 and 36 h, re- agents.
spectively. On the other hand, neither LTG nor VPA
appeared to significantly affect ZNS mean elimination 3.9.4. Antiepileptic efficacy
half-life values (51 and 52 h, respectively). Results from double-blind, placebo-controlled stud-
In further studies, ZNS had no effect on the pharma- ies in patients with refractory partial epilepsy have
cokinetics of the CYP2D6 substrate desipramine, or on demonstrated that ZNS provided effective and well-
the active constituents (ethinyl estradiol/norethindrone tolerated adjunctive therapy for partial seizures. A
and levonorgestrel) of two types of oral contraceptives. studyinthe USAFaughtetal., 200Was conducted in
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203 patients with refractory epilepsy (partial seizures sweating and elevated body temperature have been
with or without secondary generalization). At all eval- observed, mainly in children and mostly during warm
uated doses (100, 200 and 400 mg/day), ZNS was sig-weather; patients should be advised to maintain
nificantly superior to placebo with respect to the reduc- adequate hydration and avoid exposure to excessive
tion in partial seizure frequency, with the most marked temperature (Zonegran Package insert).
reduction (41%) observed at 400 mg/day. A similar pic- While monitoring of blood levels of ZNS is some-
ture was demonstrated for responder rates, with 42% times recommended, with a level of 40 mg/L regarded
of patients responding on ZNS 400 mg/ddpgches, as the upper limit for acceptable tolerability, there ap-
2001; Seino and Fuijitani, 2002; Vossler, 2002; Wilfong, pears to be no clear relationship between blood con-
2003. centration and response, and dose adjustment are best
Two additional studies were performed in epilepsy based on clinical judgment. The author’s own clini-
patients with complex partial seizures according cal experience suggests that a significant number of
to a similar design, using a target ZNS dose of patients with blood levels of 40—-60 mg/L do well clin-
400-600 mg/day given either once daily (EU study, ically without experiencing adverse events. The pro-
152 patients) or in divided doses twice daily (US study, posed recommended standard practice in the EU is to
138 patients) for 3 months. In the recently reported US gradually titrate the dose to the effective dose range of
study Sackellares et al., 2003 median reductionin ~ 300-500 mg/day, starting at 50 mg/day (recommended
seizure frequency of 30% was achieved, significantly practice inthe USA s to start at 100 mg once daily) and
superior to placebo, and 29% of patients responded increasing the daily dose by up to 100 mg at weekly
with a >50% reduction in seizure frequency. Results intervals. At this time it is estimated that ZNS has a
from the EU study were very similar. worldwide exposure of greater than 2 million patient-
These results were recently confirmed in a European years in adult and pediatric patients with epilepsy.
placebo-controlled study in 351 patients with partial
seizures unsatisfactorily controlled despite a stable reg- 3. 9.6. Ongoing studies
imen of AEDs. The results clearly demonstrated that  ongoing clinical studies with ZNS in epilepsy

ZNS, used as adjunctive therapy to other AEDs, is ef- jnclude a dose-ranging monotherapy study and

fective in the treatment of patients with refractory par- open-label extensions of the clinical efficacy studies
tial epilepsy Brodie et al., 2004 in Europe.

3.9.5. Tolerability

Common adverse events related to ZNS therapy are ;4 New formulations of old-generation AEDs
symptoms related to the central nervous system (som-
nolence, dizziness, ataxia, fatigue), digestive system 4 1  pharmacokinetics and clinical experience
(abdominal discomfort, nausea/vomiting, anorexia), \yith divalproex-ER
and cognitive function (decreased concentration and
memory impairment)l{ee, 2003. Most of these com- J.C. Cloyd, R.C. Reed, S. Dutta, T.B. Smith
mon adverse events occur in a dose-related manner at
the start of ZNS therapy when the dose is being titrated . ) )
upwards; the prevalence of adverse events tends to -College of Pharmacy, University of Minnesota,
decrease with continuing exposure. Other events thatMinneapolis, MN, USA _
have occurred in association with ZNS therapy include ~ “Abbott Laboratories, Global Pharmaceutical Re-
rash, kidney stones, and decreased sweating. In case§earch & Development, Abbott Park, IL 60064, USA
of rash, patients should be closely supervised and
discontinuation of therapy considered (ZNS should 4.1.1. Introduction
not be used in patients with known sulfonamide An extended-release (ER) divalproex sodium tablet
hypersensitivity). The risk of kidney stone formation (Depakot® ER, Abbott Laboratories, USA) has been
may be reduced by increased fluid intake, particularly developed with the objective of allowing once daily
in patients with predisposing risk factors. Decreased dosing, while decreasing the degree of fluctuation



M. Bialer et al. / Epilepsy Research 61 (2004) 1-48

(DFL) betweenCmax and Cpin. These attributes may
lessen side effects and aid compliance.

4.1.2. Absorption characteristics and

bioavailability of divalproex-ER

4.1.2.1. Healthy volunteers and adult patients.
Divalproex-ER is a novel tablet formulation based on
a controlled-release hydrophilic matrix technology.
A single-dose, non-fasting, open-label, single-center,
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smaller divalproex daily dose. The availability of two
divalproex-ER strengths (250, 500 mg) makes possi-
ble dose increases that closely bracket the 12% target
(8—20%). Randomized, steady-state studies in healthy
volunteers and patients show that once-daily ER doses
8-20% larger than divalproex given every 8h result
in equivalent exposure with loweCmax and higher
Cmin values Dutta et al., 2002; Sommerville et al.,
2003. The study in patients involved 64 adults taking

crossover study in 16 healthy adult subjects was enzyme-inducing medications. The mean daily dose of
conducted to define some of its absorption char- divalproex-ER was 2188 mg vs. 1893 mg for the dival-
acteristics. Based upon deconvolution analysis, the proex formulation. The 90% confidence interval for the

mean (% CV) duration of drug absorption from
divalproex-ER was 21.8 (17%) hours and the mean
zero-order absorption rate was 21.6 (24%) mg/h for a
500-mg tablet, i.e., 0.0431 (24%) mg/h/mg dose). In
the majority (5th—95th percentiles) of subjects, VPA
absorption from divalproex-ER was complete in 17
to 28h. The individual cumulative absorption-time
and fractional-input-time profiles did not reveal any
evidence of “dose dumpingDutta et al., 2003a

The absolute bioavailability of divalproex-ER is

ratio of the AUCs was 0.96—1.055, which demonstrated
bioequivalence of the larger divalproex-ER dose with
the reference divalproex dose. The DFL value was sig-
nificantly lower for the ER regimens (64% vs. 79%%,
=0.0001) Sommetrville et al., 2003

4.1.2.2. Children.The pharmacokinetic profile of
once daily divalproex-ER has been characterized in two
pediatric age groups: 8—11 years (childridrs 15) and
12-17 years (adolescendé= 14) Dutta et al., 2004

89% based on a crossover study comparing divalproex- Patients in both groups were switched from divalproex

ER to an intravenous dose of VPR(tta et al., 2003a
Several relative bioavailability studies in healthy vol-

to the same daily dose of divalproex-ER. Once-daily
administration of divalproex-ER (doses ranged from

unteers and adults with epilepsy have compared equal250 to 1750 mg) in all patients produced relatively flat

total daily doses of divalproex-ER and enteric-coated
divalproex (divalpoex). (Data on file, Abbott Laborato-
ries;Duttaetal., 2002; Sommerville etal., 200Bhese
studies employed different divalproex dosing frequen-
cies: every 6 h, every 8 h, or every 12 h and meal condi-
tions: fasting, low, medium & high calorie meals; while
divalproex-ER was given once daily in all but one in-
vestigation. Divalproex-ER bioavailability is approxi-
mately 11% lower P < 0.05) than the divalproex for-
mulation. The VPAChax from once-daily divalproex-
ER is lower and the DFLGmax—Cmin/Cavg) in plasma
VVPA concentrations is substantially and statistically re-
duced with ER. The mean DFL of valproic acid plasma
concentrations was 42—-48% smaller for the ER formu-
lation compared to divalproex.

Maintaining equivalent exposure (AUC) when
switching from one formulation to another is important,

plasma VPA concentration-time profiles over the entire
24-h dosing interval with DFL values similar to those

in adults: children = 54%, adolescents = 39%, adults =
43%, respectively. Adverse events were generally mild
to moderate in severity and similar to those reported in
previous divalproex studies. The pharmacokinetic pa-
rameters in the adolescent subgroup were comparable
to those obtained in adults from previously completed
studies. In contras€max, Cmin, and AUC24 were ap-
proximately 20—30% lower in young children from 8
to 11 years of age as compared to adolescents or adults.
This is likely the consequence of higher apparent VPA
clearance in young childrei€{oyd et al., 199R

4.1.3. Effect of food on divalproex-ER
The effect of food on the extent of absorption fol-
lowing divalproex-ER administration is less than 10%

as some patients with epilepsy are sensitive to small (Reed et al., 2004

changes in drug concentration. Based on the bioavail-

ability studies, a 12% higher divalproex-ER daily dose
(calculated as 1.0/relative bioavailability = 1.0/0.89 =
1.12) is required to attain an AUC equal to that of a

4.1.4. Efficacy and safety of divalproex-ER
The efficacy of once-daily divalproex-ER was com-
pared to divalproex administered two to three times
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a day in a randomized, multi-center, open-label, two-
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guent toxicity upon replacing the divalproex-ER dose.

period crossover study in 44 adolescent and adult pa- Pharmacokinetic simulations predict that high plasma

tients with primary generalized epilepsyhibault et

al., 2003. The same total daily doses were used for
both formulations. Seizure control was similar for the

two groups, but plasma VPA concentrations were 11%
less in patients when on divalproex-ER.

Divalproex-ER was developed, in part, to lessen
concentration-dependent side effects by minimizing
the DFL in VPA concentrations. Subjects in all of the
pharmacokinetic studies of divalproex-ER performed
to date have had similar side-effect profile compared
to divalproex, but none of these studies were specifi-
cally powered to detect differences in side effect rates.
Such a study is currently underway at Abbott Labs.

In an open label, 7-day study in 55 psychiatric pa-
tients, the number and severity of VPA-related side ef-
fects diminished with once-daily divalproex-ER com-
pared to divalproex dosed multiple times daiyofne
and Cunanan, 2003In a separate meta-analysis of
several open-label trials in patients with epilepsy,

VPA concentrations, resulting in clinical toxicity, are
not likely when divalproex-ER doses are replaced
within 12 h followed by resumption of scheduled dos-
ing. (Reed and Dutta, 2003aThis may be due to
the controlled, zero-order absorption characteristics of
the divalproex-ER formulation. If a patient misses a
divalproex-ER dose, it should be replaced as soon as
possible and the next dose should be taken at the regu-
larly scheduled time.

Some clinicians have employed complicated,
lengthy, and needlessly laborious conversion strate-
gies when switching from multiple-dose divalproex to
once-daily divalproex-ER dosing. Such practices have
included slow tapering of the multiple daily dose di-
valproex, incrementally replacing divalproex with the
required divalproex-ER daily dose over several days, or
waiting 24 h after the last divalproex dose before insti-
tuting a once-daily divalproex-ER regimen. Computer
simulations suggest that no significant perturbation in

divalproex-ER was better tolerated and associated with plasma VPA concentrations is likely when the patient

greater efficacy compared to multiple-daily dose dival-
proex Smith et al., 2008

4.1.5. Dosing divalproex-ER: practical
considerations

Some patients may prefer to take divalproex-ER in
the evening. In an open-label, parallel design, multiple-

takes her/his once daily divalproex-ER dose 12 h af-
ter the morning or evening divalproex dose. There
is no apparent advantage in converting divalproex to
divalproex-ER in small stepsReed and Dutta, 2003b

4.1.6. New indications
Divalproex-ER was approved in the US for mi-

dose study in healthy subjects, the pharmacokinetics graine headache prophylaxis in August 2000, for adults

and safety of 1000 mg divalproex-ER given once daily
either in the morning or evening was comparBdita
et al., 2003p. There were no significant differences in
the pharmacokinetic parametef® ¥ 0.51) or safety
between subjects who received the divalproex-ER for-
mulationinthe morning and those who itin the evening.
Although noticeable diurnal variation in VPA plasma
concentrations occurs with conventional VPA formula-
tions (Hussein et al., 1994the divalproex-ER formu-
lation exhibits minimal diurnal variation, likely due to
the unique formulation characteristics of this product,
i.e., extendedrelease over 17-2®htta etal., 2003a
Clinicians may be reluctant to prescribe medica-

with epilepsy in December 2002, and for children with
epilepsy in December 2003. Studies for an indication
in mania are underway.

4.2. Recent clinical trials of iv formulations in
epilepsy

K. Sommerville, J. Whitesides, S. Arroyo

Schwarz BioSciences, Research Triangle Park, NC,
USA

tions intended for once-a-day administration, such as 4.2.1. Intravenous valproate (VPA)

divalproex-ER, due to a concern that a missed dose

will result in a marked fall in plasma VPA concentra-
tions. The clinical consequence of missing the entire

daily dose could be breakthrough seizures or subse-

Valproate sodium injection (VSI) was approved in
the US in 1996 for intravenous use in epilepsy patients
for whom oral administration of VPA products is tem-
porarily not feasibleDevinsky et al. (1995onducted
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an open-label safety trial of VSI in 318 patients hospi- Adverse events occurred at similar low rates in both
talized for seizures. At the dosages (median: 375 mg) groups and tended to occur with peak VPA levels. The
and rates (generally over one hour) used, VSI was safeinvestigators concluded that doses up to 15 mg/kg in-
and well toleratedHussein et al. (1994Londucted fused at 1.5 and 3.0 mg/kg/min were well tolerated in
a randomized, crossover study in healthy subjects to this population. It was noted that frequent seizures in
compare the pharmacokinetics (PK) of multiple doses some populations might require these rapid infusions
of oral VPA or VSI. Subjects received multiple 250- to prevent recurrence of seizures.
mg oral or intravenous doses every 6h after a 750-  The new rapid infusions should allow more flexibil-
mg intravenous loading dose. All infusions were over ity to avoid recurrent seizures and an adequate loading
1h. Steady-state plasma concentrationsvstime profilesdose.
were maintained by both regimens within the therapeu-
tic range (50-10Q.g/mL). 4.2.2. Intravenous SPM 927

The 1-h infusion was safe and well tolerated, but 4.2.2.1. Introduction.SPM 927 R-2-acetamiddN-
faster infusions were desirable to increase flexibility. benzyl-3-methoxypropionamide, formerly known as
Naritoku and Mueed (1999%)emonstrated the safety harkoseride) is currently in development for the treat-
of intravenous loading of VSI when rapid elevation of ment of epilepsy and neuropathic pain (6).
serum levels was required to stop recurrent seizures. A An intravenous formulation of SPM 927 has been
mean dose of 19.4 mg/kg infused at 20 or 50 mg/min developed to facilitate treatment of patients receiv-
was well tolerated in 20 patients with epilepsy. There ing oral SPM 927 who temporarily become unable to
were no significant changes in blood pressure and notake oral medications (e.g., perioperatively, etc.). In-
ECG abnormalities. The investigators concluded that a travenous SPM 927 is an isotonic solution containing
loading dose of VSI could be safely administered. the identical drug substance as in the oral presentation.

Cloyd et al. (2003¥tudied key PK parameters fol-  The formulation is stable at room temperature and does
lowing loading doses of VSI in 112 enzyme-induced not require dilution prior to administration.
or uninduced patients with epilepsy. Patients were ran-

domized to 1.5 or 3.0 mg/kg/min rapid infusions, to a
maximum dose<15 mg/kg. Maximum total and un-

bound concentrations of VPA were 94 and 14 mgl/L,
respectively. Total concentrations fell below 50 mg/L
within 3hin enzyme-induced and 6 h in uninduced pa-
tients. The distribution volume/j) was between 0.17

and 0.21 L/kg for 70% of patients; this could be used to
calculate a loading dose (LD). Induction status, albu-
min concentration, and infusion rate significantly al-
tered PK, and infusions up to 3 mg/kg/min produced
predictable VPA concentrations when induction status

4.2.2.2. Mechanism of actiorThe molecular mode of
action of SPM 927 remains to be identified.

4.2.2.3. Pharmacokinetic characteristics and drug in-
teractions. More than 60 healthy male volunteers have
received intravenous SPM 927 in four Phase | clinical
trials. Following oral administration, 86.7 and 83.8%
of the systemic exposure following intravenous infu-
sion of SPM 927 is achieved in plasma and whole
blood, respectively. Intravenous SPM 927 has similar
plasma concentration-time curves following oral and

and albumin levels were considered. They suggestedintravenous dosing. Estimates of terminal elimination

starting oral VPA within 3-4h when given with in-
ducing AEDs and one hour for enteric-coated dival-
proex (Depakot®). Extended-release divalproex (De-
pakote ER®) should be started concurrently with the
infusion.

Ramsay et al. (2003gported the safety and tolera-
bility of rapidly infused VSI from the same study. The

half-life are comparable between the two dose routes
for both whole blood and plasma (approximately 13 h).
The AUC andCpayx following single oral and intra-
venous dosing are similar when the infusion rate is
60 min. The major radiolabelled component in urine
following both oral and intravenous administration is
SPM 927 and represents up to approximately 43% of

primary safety endpoints were changes in 5-minute and the administered dose. The major metabolite in urine
minimum post-first infusion blood pressure. Results is O-desmethyl-SPM 927 that accounts for up to 30%
showed no significant treatment differences in primary of dose. No interaction study has been done with in-
endpoints and no symptomatic changes in vital signs. travenous SPM 927. However, in Phase | and Il trials
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with the oral formulation no interactions were observed Magdaleno-Madrigal et al. (2008howed that electri-

with other antiepileptic drugs or contraceptives. cal stimulation of the nucleus of the solitary tract, a
key link between the vagus nerve and forebrain struc-
4.2.3. Tolerability tures, delayed seizure onset in a cat kindling model.

SPM 927 has been generally well tolerated in Phase | Italian researchers found that cortical GABA (A) re-
clinical trials conducted in healthy subjects. Mostcom- ceptor density, as measured by single-photon emission
monly reported adverse events have been of mild inten- tomography (SPECT) with the benzodiazepine recep-
sity and similar in nature to the ones described for the tor inverse agonist iomazenil, normalized after 1 year
oral presentation (eg, dizziness and paraesthesia). Vi-of VNS in patients whose seizures responded to VNS
tal signs and ECGs recorded did not reveal significant therapy Marrosu et al., 2008 They hypothesized that

changes. VNS-induced plasticity of GABA (A) receptors and the
resulting reduction of cortical excitability contributes
4.2.4. Planned studies to its mechanism of action, which is consistent with the

The primary goals of the planned clinical trials with ~ delay of efficacy onset in many patients.
intravenous SPM 927 are to demonstrate pharmacoki- ~ Prior functional imaging studies utilizing SPECT
netic equivalence between the oral and intravenous for- @1d positron emission tomography highlighted the
mulations and to establish the safety of intravenous Widespread cortical and sub-cortical sites affected by
SPM 927 as short-term replacement of oral SPM 927 VNS (Ring et al., 2000a,b; Vonck et al., 2000; Barnes

for patients temporarily unable to continue taking oral ©t @l 2003, including bilateral thalamic structures.
SPM 927 for epilepsy. More recently, VNS-synchronized functional magnetic

resonance imaging (fMRI) demonstrated cortical and
sub-cortical sites that are immediately affected by VNS

5. Vagus nerve stimulation (Chae etal., 200%&nd confirmed thalamic involvement
(Liu etal., 2003; Narayanan et al., 200@ne study as-
S. C. Schachter sociated thalamic effects with improved seizure control

(Liu et al., 2003.
) Individualizing VNS therapy will be possible once
Harvard Medical School, Beth Israel Deaconess 4 physiologic response to VNS can be quantifiéab

Medical Center, Boston, MA, USA etal. (2000used EEG to successfully guide VNS pro-
_ gramming.Fallgatter et al. (20033emonstrated the
5.1. Introduction feasibility of recording potentials from the sensory ter-

ritory of the auricular branch of the vagus nerve in sub-
Vagus nerve stimulation (VNS) was approved in jects undergoing transcutaneous vagus nerve stimula-

1997 for epilepsy. Since then, over 20,000 patients tion. Another group correlated a reduction of interictal
worldwide have been implanted and VNS has become discharges during the stimulation period with thera-
an established treatment option for patients: (1) whose peutic efficacy Kuba et al., 2002, 2003The potential
partial-onset seizures adversely affect quality of life de- applications of these reports to titrating VNS therapy
spite adequate pharmacotherapeutic trials and (2) whoare unknown.
do not have surgically remediable partial seizures or
who refuse to undergo intracranial surgery. 5.3. Efficacy

5.2. Mode(s) of action Clinical studies over the past two years have re-
ported efficacy of VNS for specific patient groups, in-
The mechanisms of action of VNS as well as stim- cluding those with bitemporal epilepsiK(ba et al.,
ulation of other cranial nerve3bbs et al., 2002are 2003, Lennox-Gastaut syndromélflenkamp et al.,
under active investigation. Right-sided VNS is com- 20032, persistent seizures after epilepsy surgémyér
parable to left-sided VNS in suppressing seizures in and Apuzzo, 20083 and patients who use the supplied
rats induced by pentylenetetraz#lréhl et al., 2003 magnet to abort or attenuate seizurk®(ris, 2003.
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Other studies have confirmed long-term seizure con-
trol (Chavel et al., 2003; Hui et al., 20p4nd em-
phasized the potential benefit of treatment earlier in
a patient’s course of epilepsRénfroe and Wheless,
2002.

5.4. Safety and tolerability

Since the 2002 Eilat conference, publications have
documented the potential for worsening of seizure fre-
guency and severity with battery end of servitatim
et al., 2004, and the respiratory effects of VNS during
sleep and potential worsening of preexisting obstruc-
tive sleep apneaMarzec et al., 2004
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