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Summary
Synopsis Tiagabine is g-aminobutyric acid (GABA) uptake inhibitor which is structurally

Pharmacodynamic
Properties

related to nipecotic acid but has an improved ability to cross the blood-brain
barrier. Clinical trials have shown that tiagabine is effective as add-on therapy
in the management of patients with refractory partial epilepsy. In short term
studies of this indication, tiagabirgb4 mg/day for 7 to 12 weeks reduced the
complex partial and simple partial seizure frequency®3% in 8 to 31 and 28.2

to 37% of patients, respectively. Tiagabine appeared to produce a sustained re-
duction in seizure frequency in studies of up to 12 months’ duration.

Data from preliminary studies are currently insufficient to confirm the useful-
ness of tiagabine when used as monotherapy or in the treatment of children with
epilepsy. Further studies are, therefore, necessary to more fully elucidate the
efficacy of the drug in these settings.

Adverse events associated with tiagabine are primarily CNS-related and in-
clude dizziness, asthenia, nonspecific nervousness and tremor. Skin rash or psy-
chosis occurred with similar frequencies among tiagabine- and placebo-treated
patients. With long term administratiorl( year for many patients), the profile
and incidence of adverse events was similar to that for short term therapy.

Tiagabine does not appear to affect the hepatic metabolism of other drugs
such as carbamazepine and phenytoin. Possible disadvantages of tiagabine in-
clude its short plasma elimination half-life, necessitating 2 to 4 times daily ad-
ministration, and its inducible hepatic metabolism.

Thus, tiagabine is a new antiepileptic agent with a novel mechanism of action,
which has demonstrated efficacy in the adjunctive treatment of patients with
refractory partial epilepsy. Further investigation of the efficacy of tiagabine is
expected to provide a clearer definition of its place in the treatment of epilepsy
and its relative merits in relation to other antiepileptic drugs.

Tiagabine increases synaptosomal concentrations of the inhibitory neurotrans-
mittery-aminobutyric acid (GABA) via inhibition of the GABA transporter GAT-
1. The increase in synaptic concentrations of GABA leads to potentiation of
GABA-mediated inhibitory neurotransmission. Tiagabine lacks appreciable af-
finity for other receptor or uptake sites including benzodiazepine, histamjne H
serotonin 5-H1g or dopamine Ror D2 receptors oBi- or Bz-adrenoceptors. It
is not a substrate for the GABA uptake carrier and is therefore unlikely to act as
a false transmitter.

Tiagabine is active in a number of animal seizure models, protecting against
seizures induced by chemical [e.g. methyl-6,7-dimethoxy-4-¢odrboline-3-
carboxylate (DMCM) and pentylenetetrazol (PTZ)] and nonchemical stimuli
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(e.g. audiogenic and kindling). It is a more potent anticonvulsant than the con-
ventional antiepileptics phenytoin, phenobarbital, carbamazepine and valproic
acid against audiogenic and DMCM- and PTZ-induced tonic or clonic seizures
in mice and rats. Tiagabine is also more potent than lamotrigine, gabapentin and
vigabatrin in protecting against audiogenic and DMCM- and PTZ-induced tonic
or clonic seizures in mice and was the only drug able to block PTZ-induced clonic
seizures in mice. Tiagabine may be proconvulsant in animal models of non-
convulsive epilepsy.

Results from short and long term studies in patients with epilepsy have re-
vealed no clinically significant deterioration in cognitive performance or electro-
encephalographic changes during tiagabine therapy and suggest that the drug may
even have a slight beneficial effect on cognition under certain circumstances.

Tiagabine is well absorbed after oral administration and has an absolute oral
bioavailability of 90%. Peak plasma concentrations occurred approximately 1
hour after administration and measured 43 togPR in healthy volunteers after
single-dose administration of tiagabine 2 to 24mg. Multiple-dose administration
of tiagabine does not result in significant drug accumulation. The rate, but not
the extent, of absorption of tiagabine is decreased by concomitant food intake.
Tiagabine is widely distributed throughout the body (volume of distribution is
approximately 1 L/kg) and approximately 96% of the drug in human plasma is
bound to plasma proteins.

Tiagabine is extensively metabolised by the hepatic cytochrome P450 enzyme
CYP3A. 63% of a radiolabelled orally administered dose was excreted in the
faeces and 25% in the urine. The plasma clearance of tiagabine is 21.4 L/h in
patients receiving concomitant enzyme-inducing antiepileptic drugs such as
carbamazepine, phenytoin and primidone and 12.8 L/h in patients with epilepsy
not receiving concomitant treatment with these agents. The elimination half-life
of tiagabine ranges from 3.8 to 9 hours in patients with epilepsy; patients receiving
concomitant treatment with enzyme-inducing antiepileptic drug therapy exhibit
values at the lower end of this range. Conversely, the clearance of tiagabine is
reduced in patients with hepatic impairment, which may necessitate dosage re-
duction. Renal impairment or old age do not appear to significantly reduce the
clearance of tiagabine; however, clearance of the drug appears to be slightly
increased in children.

Although there is some evidence to suggest a relationship between tiagabine
plasma concentration and therapeutic effect, there are currently insufficient data
to recommend routine monitoring of plasma tiagabine concentrations in patients
receiving the drug.

Concomitant administration of tiagabine has been shown not to influence the
pharmacokinetics of conventional antiepileptic drugs such as carbamazepine and
phenytoin or other drugs including oral contraceptives, theophylline, warfarin
and digoxin. Asignificant decrease (approximately 10 to 12%) in the peak plasma
concentration and area under the plasma concentration-time curve for valproic
acid has been reported in patients receiving concomitant tiagabine therapy; how-
ever, because valproic acid has a wide therapeutic range (50 to 100 mg/L), this
decrease was considered to be of limited clinical significance.

The results of 5 double-blind placebo-controlled studies (2 crossover and 3 paral-
lel-group studies) have shown tiagabi@ mg/day to be effective as add-on
therapy in patients with refractory partial epilepsy. According to a pooled analysis
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Tolerability

of these studies, 23% of patients treated with tiagabine, compared with 9% of
placebo-treated patients, experienced a reduction in total seizure frequency of at
least 50% during 7 to 12 weeks of treatment. The reduction in 4-week overall
seizure frequency (28s 0.1%) and increase in the number of seizure-free days
(6 vs 0%) were significantly greater for tiagabine than for placebo recipients.
Individual results from 3 of these studies showe8@P6 decrease in seizure rate
relative to baseline in 8 to 31% and 28.2 to 37% of patients with complex partial
and simple partial seizures, respectively. A corresponding response rate of 63%
was reported for patients who experienced secondarily generalised tonic-clonic
seizures in 1 study.

The clinical benefits of adjunctive tiagabine therapy appear to be maintained
during long term treatment. Approximately 30 to 40% of patients treated with
tiagabine<80 mg/day for up to 12 months in nonblind extension studies continued
to experience a50% reduction in overall seizure frequency.

Initial studies have reported a beneficial effect with tiagabine monotherapy in
some patients with epilepsy refractory to monotherapy with other antiepileptic
drugs. Among 31 patients recruited to a dose-ranging study, 19 were converted
to tiagabine monotherapy fa2 weeks and 12 of these patients completed the
study at a mean dosage of 38.4 mg/day. In a second study, efficacyE#s (
reduction in complex partial seizure frequency from baseline) were 31 and 18%,
respectively, after treatment with tiagabine 36 and 6 mg/day (intent-to-treat anal-
ysis). Notably, both studies reported a high rate of study withdrawal (>50%); this
was not an unexpected finding, as the refractory nature of the disease in patients
recruited to these studies made successful conversion to tiagabine monotherapy
less likely.

The few data available from the only comparative study of tiagabine mono-
therapy ¢scarbamazepine monotherapy) in patients with newly diagnosed partial
epilepsy do not allow an accurate assessment of efficacy. Studies are therefore
required to establish the efficacy of tiagabine in relation to conventional and
newer antiepileptic agents.

In small noncomparative studies, tiagabine (0.25 to 1.5 mg/kg/day or 32 to 80
mg/day) also demonstrated efficacy as add-on therapy in children and adolescents
(aged 2 to 16 years) with refractory partial epilepsy, producing a >50% reduction
in partial seizure frequency in approximately 20 to 50% of patients.

The most frequent adverse events in 675 patients with refractory epilepsy treated
with tiagabine as add-on therapy (typicaB4 mg/day for up to 12 weeks) were
dizziness (30%), asthenia (24%), nonspecific nervousness (12%) and tremor (9%)
[pooled data from placebo-controlled studies]. This compared with a significantly
lower incidence of 13, 12, 3 and 3%, respectively, among placebo recipients (n
=363). Diarrhoea, depressed mood and emotional lability were also significantly
more frequent with tiagabine (4 to %4l to 2%). Other adverse events, including
psychosis and skin rash which are frequently associated with other antiepileptic
drugs, occurred with a similar frequency among tiagabine- and placebo-treated
patients. These and other symptoms were generally mild or moderate and oc-
curred early in the course of therapy. Treatment discontinuation due to adverse
effects has been reported in 15% of patients treated with adjunctive tiagabine
therapy and 33% of patients treated with tiagabine monotherapy.

Longer term tolerability data (including results from 814 patients treated with
tiagabine for=1 year), suggest that the profile and incidence of adverse effects

O Adis International Limited. All rights reserved. Drugs 1998 Mar; 55 (3)



Tiagabine: A Review 441

associated with long term tiagabine therapy are similar to those reported during
short term therapy.

Clinically significant changes in haematological or liver function tests have
not been observed during tiagabine therapy. Furthermore, the risk of status
epilepticus appears to be minimal and similar to that reported for patients with
epilepsy not treated with tiagabine.

Dosage and Dosage recommendations for the use of tiagabine as an adjunct to enzyme-
Administration inducing antiepileptic drug therapy in adult and adolescent patients with partial
epilepsy differ between the US and Europe. In the US in adults, tiagabine should
be initiated at a dosage of 4 mg once daily, which may be increased by 4 to 8
mg/day at weekly intervals until clinical response is achieved or a maximum
dosage of 32 to 56 mg/day (administered in 2 to 4 divided doses) is reached. In
adolescents (aged 12 to 18 years), the maximum recommended dosage is
mg/day.
In contrast, European guidelines recommend an initial dosage of 7.5 to 15
mg/day in adults and adolescents (aged >12 years), followed by weekly incre-
mental increases of 5 to 15 mg/day; the usual maintenance dosage is 30 to 50
mg/day administered in 3 divided doses. If cessation of tiagabine therapy is nec-
essary, the dosage should be reduced gradually over a period of 2 to 3 weeks.
Tiagabine should be administered with food, and dosage reduction may be
necessary in patients with mild or moderate hepatic impairment. In Europe tiaga-
bine is contraindicated in patients with severe hepatic impairment. There are
currently insufficient data to recommend the use of tiagabine in pregnant or lac-
tating women.

Tiagabine (fig. 1) is a novel uptake inhibitor of  This review evaluates the pharmacology and
y-aminobutyric acid (GABA), the principal inhib- therapeutic potential of tiagabine in the manage-
itory neurotransmitter in the CNS. GABA uptake ment of epilepsy. All cited doses refer to the hydro-
inhibitors represent a new class of antiepilepticchloride salt (the dose of tiagabine as free base can
drugs, of which tiagabine is the first to be intro- be calculated by multiplying by 0.91).
duced into clinical practice.

Tiagabine is a derivative of the GABA uptake
inhibitor nipecotic acid. In contrast to the latter 1.1 Mechanism of Action
drug, tiagabine readily crosses the blood-brain bar-
rier owing to the attachment of a lipophilic side
chain to the nipecotic acid molecule.

1. Pharmacodynamic Properties

Tiagabine prevents GABA uptake by inhibiting
GAT-1, which is 1 of at least 4 distinct GABA trans-
porters responsible for the uptake of the neuro-
transmitter into neurons and glial cells after synap-
tic releasé!! The resultant increase in synaptic

M H concentrations of GABA in turn leads to reduced
/ \ ~/CO0H neuronal excitability and, therefore, antiepileptic
s C=CH_CH2_CH2_© activity. . . . - .
S Consistent with this mechanism of action,
\ / tiagabine induces prolongation of GABAergic in-
- hibitory impulses in rat hippocampiss vitro.[2-4!
s Furthermorejn vivo microdialysis techniques re-
Fig. 1. Chemical structure of tiagabine. vealed that extracellular levels of GABA were in-
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creased by up to 3-fold in the brains of non- Intraperitoneal tiagabine was a more active anti-
anaesthetised rats after intraperitoneal administraconvulsant than the conventional antiepileptics
tion of tiagabine 11.5 or 21.0 mg/Kyand by 1.5-  phenytoin, phenobarbital, carbamazepine and val-
fold in the hippocampus of a patient with refractory proic acid in protecting against audiogenic and
partial epilepsy treated with a single oral dose ofmethyl - 6,7 - dimethoxy - 4 - ethy-- carboline-
tiagabine 16mdf! 3-carboxylate- (DMCM) and pentylenetetrazol-
Tiagabine is a selective and reversible inhibitor(PTZ) induced tonic or clonic seizures in mice and
of GABA uptake, its affinity for glial uptake being PTZz-induced tonic or clonic seizures in rats (table
approximately 2.5-fold greater than that for neuro-|).[13] However, tiagabine did not protect against
nal uptake [IGo (concentration of drug required to maximal electroshock-induced tonic seizures in
inhibit GABA uptake by 50%) was 0.18nol/Lfor  mice or ratd?13 Tiagabine also did not prevent
glial and 0.45umol/L for neuronal uptaké]! In tonic or clonic seizures induced by the potassium
contrast with nipecotic acid, tiagabine is not a subthannel antagonists dendrotoxin and 4-amino-
strate for the GABA uptake carrier and is thereforepyridine in micel1.12
unlikely to act as a false transmitter at GABAergic  \when compared with the newer antiepileptic
neurond?) Moreover, tiagabine does not have sig-grygs lamotrigine, gabapentin and vigabatrin,
nificant affinity for other receptors or uptake Sites-tiagabine was the most potent antagonist of tonic
In rgtbrain,tiagabine pinds to benzodiazepine, hisg, ¢onic seizures induced by DMCM, PTZ and
tamine H and serotonin 5-Hip receplors at con- ¢4 nq jn mice. Indeed, it was the only drug able to
centrations 20- to 400-fold greater than that réy o0 pTz-induced clonic seizures, although this
quired to inhibit synf'iptosomal GABA[.thake_ébC was seen at low (0.29 to 3 mg/kg) but not at high
= 0.07pmolil), and it does not appreciably bind to doses (30 mg/kg) of tiagabifféIntraperitoneal in-

othsr uptak:e sites or rececpj)tors SUC? as dopamine I?ec:tion of tiagabine (30 mg/kg) also significantly
or D, receptorsp,- or Bp-adrenoceptors or musca- i, yiied inferior colliculus firing induced by

rinic receptord’! o L . .
acoustic stimulation in genetically epilepsy-prone
rats14]
1.2 Effects in Animal Seizure Models The anticonvulsant activity of tiagabine against
light-induced myoclonus has been studied in the

The anticonvulsant activity of single doses of Photosensitive baboon, a model of photomyoclo-
tiagabine has been investigated in animal model8§iC seizures and myoclonic absence epilepsy in hu-
of epilepsy induced by electrical, chemical andmans?™®! Intravenous tiagabine 0.25 to 1.0 mg/kg
sensory stimuli and in genetic models of epilepsy.reduced the frequency of light-induced seizures.

Kindling, an experimental procedure WherebyProtection was maximum with tiagabine 1.0 mg/kg
discrete regions of the brain are subjected to rebut this dose was associated with impaired motor
peated electrical stimulation, is considered to be &oordination, tremor and slow abnormal move-
model for human partial epilepsy with secondarily ments of the limbs. Lower intravenous doses of
generalised seizuré.When administered intra- tiagabine £0.5 mg/kg) reduced light-induced sei-
peritoneally to amygdala-kindled rats, tiagabine atzure frequency and did not produce adverse
tenuated the expression of secondarily generalisedehavioural effects.
seizures [Elg value (dose required to protect 50%  In common with GABA agonist8®! tiagabine
of animals from seizures) of 2.5 mg/kg] and com-may enhance the occurrence of spike-wave dis-
pletely blocked the expression of partial seizuresharges in animal models of nonconvulsive epi-
(EDsg value of 14.8 mg/kdf! Tiagabine also sup- lepsy. In WAG/RIj rats, a genetic model of
pressed amygdala kindling-induced epileptogenegeneralised nonconvulsive absence epilepsy, spike
sis in a dose-dependent manner in thé'%ht. wave discharges were increased by tiagabine 3 and
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Table |I. Comparative anticonvulsant activity of tiagabine (TGB) and other antiepileptic drugs in animal models of epilepsy. All drugs were
administered intraperitoneally

Stimulus Type of Animal EDso (mg/kg)
seizure TGB LTG GBP VGB PHE PHB CBz VLP
Chemically induced seizures
4-aminopyridinel™  Tonic Mice >742 >10002 342 232 192 3012
Dendrotoxinl!2 Clonic Mice >60 9 37 278
DMCMI®:23] Tonic Mice 0.8 2 32 300
Clonic Mice 0.8-1.0 >30 >300 483 =1000 18 15 200
pTZ®13] Tonic Mice 0812 1 77 >1000 6 32 5 100
Rats 4.0 60 7 9 215
Clonic Mice 1.3-20 >30 >300 >1000 >500 32 400 285
Rats 6 >64 20 >64 310
Electrically induced seizures
MES[®13] Tonic Mice >30 9 >300 >1000
Rats 40 8 11
Seizures in epilepsy-prone mice
Audiogenic!®1! Tonic Mice 0.4 2 1 502 1 4 7 38
Clonic Mice 0.4 2 25 543

a Dose of drug which protected 50% of animals from 4-aminopyridine—induced lethality.

Abbreviations: CBZ = carbamazepine; DMCM = methyl-6,7-dimethoxy-4-ethyl-3-carboline-3-carboxylate; EDso = dose which protects 50%
of animals from seizures; GBP = gabapentin; LTG = lamotrigine; MES = maximal electroshock; PHB = phenobarbital; PHE = phenytoin;
PTZ = pentylenetetrazol; VGB = vigabatrin; VLP = valproic acid.

10 mg/kg administered intraperitoneally but not bylocomotor activity) but not to the anticonvulsant
a 1 mg/kg dos€! In another study, intraperitoneal effects of tiagabine has been reported in mice with
tiagabine>5 mg/kg controlled generalised tonic- DMCM-induced seizures given oral tiagabine 15
clonic seizures in cobalt-lesioned rats with homo-or 30 mg/kg twice daily for 21 day&!
CySteine thiolactone-induced status epileptiCUS but Studies in patients with ep“epsy Suggest that
also produced spike wave discharlésAbsence  tiagabine has a low propensity to cause impairment
seizure frequency and duration were also increasegg cognitive and psychomotor functic:27)
by intraperitoneal tiagabgi)?ﬂ mg/kginthelethar- - ¢,mnared with placebo (n = 57), administration of
gic (h/ih) mouse modet o tiagabine 16 (n = 34), 32 (n = 45) or 56 mg/day (n
Tiagabine reduced both seizure-induced dam= 54, ¢, 15 \eeks as add-on therapy to patients
age to pyramidal .Ce”S in the h|pp_ocampgs a.ndwith partial epilepsy had no significant effect on
impairment of spatial memory associated with hip-

pocampal damage in the perforant pathway stimyMental ability or adjustment and moB#.Mental

lation rat model of status epilepticd8. Neuronal ability was assessed using the Lafayette Grooved

cell death was also reduced by tiagabine in the hipP€gboard, Stroop, Controlled Oral Word Associa-

pocampus of gerbils subjected to cerebral ischlion, Symbol Digit Modalities, Rey Auditory Ver-
aemial?ll and in the rat cerebral ischaemia modelPal Learning, Wonderlic Personnel and Digit Can-
of delayed pyramidal cell dealf?] cellation tests, and adjustment and mood were
evaluated using the Profile of Mood States (POMS)
test, the Washington Psychosocial Seizure Inven-
tory (WPSI) and the Mood Rating Scale (MRS).
Tolerance to the cognitive effects (rotarod activ- ~ Similarly, long term follow-up revealed no sig-
ity, traction response and inhibition of exploratory nificant deterioration in cognitive performance or

1.3 Effects on Psychomotor Function
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significant electroencephalographic changes fromTable 1l. Mean pharmacokinetic parameters of tiagabine after

baseline after add-on treatment with tiagabine forsingle— and multiple-dose administration to fasting healthy volun-
. teers(28]

6 to 12 months (mean daily dose 65.7mg; n = 25}

J
or 18 to 24 months (mean daily dose 67.6mg; n :ﬁ?i?i,é?fjﬁ?j}y’ ﬁfg}b trax () Eff)p ﬁiéii h)
14)[28] Moreover, a significant improvement from —_ .A.
. . . R . X Single-dose administration
baseline in the List Learning test and in auditory ;s 43 08 6.9 208
reaction times was reported after 18 to 24 months g5 150 1.0 5.4 727
of tiagabine theraply®! 12 [5] 241 13 8.0 1450
Changes from baseline in cognitive function 24[4] 552 11 7.3 2190
have also been investigated in patients who werevuttiple-dose administration for 5 days 2
receiving tiagabine monotherapy for up to 12 2I€] 32 12 4.5 141
weeksl2?l Significant improvements in psychoso- 416 86 1.0 8.1 466
cial adjustment and mood (POMS, WPSI and °© 18 Lo b4 678
MRS) were reported among patients who were suc-, 810l 12 L o oL
10 [6] 195 0.8 6.1 847

cessfully converted from other antiepileptic drugs S

to low dose tiagabine monotherapy (6 mg/day; n :MGU'[‘(;']"E"’Ose adminisyation for 14 days a7 ] 2os
53), and some improvements in mental ability (in- ,, 2 296 15 5.0 1110
CIUding Lafayette Grooved Pegboard and Stroopa Pharmacokinetic data obtained after the last dose.

test) were reported after conversion to high doseabbreviations: AUC = area under the plasma concentration-time
tiagabine monotherapy (36 mg/day; n= 39). Pa-curve; _Cmax=peakplasmaconcentration;t1/2i3=elimination half-life;
tients who were unable to receive monotherapyz="me 0 Cmax
with tiagabine 36 mg/day (i.e. were on tiagabine
and 1 other antiepileptic drug at the end of the
study; n = 18) experienced some deterioration i
psychosocial adjustment and mood (POMS an

MRS).

Single-dose administration of tiagabine 2 to
224mg to fasting healthy volunteers resulted in peak
plasma concentrations () of 43 to 552ug/L
within approximately 1 hour (table I1). Secondary
peaks in the plasma concentration profile of tiaga-
bine were also reported approximately 10 hours af-
The pharmacokinetic profile of tiagabine has €' @dministration of the drug, and were probably
been investigated both in healthy volunteers and ittributable to enterohepatic recycllﬁﬂ._Notably,
patients with epilepsy, including children, the el- Multiple-dose administration of tiagabine (6 or 12
derly, patients with renal and hepatic impairmentmg/day for 14 days) did not result in significant

and those receiving concomitant antiepileptic med&ccumulation of the drug; «ax values on day 14
ication. were 131 and 22@g/L (table 11)[28]

Administration of tiagabine with food decreases
the rate but not the extent of drug absorpt#éa!
In a crossover study, the mean area under the

Tiagabine exhibits a linear pharmacokinetic plasma concentration-time curve (AUC) remained
profile. In a single-dose pharmacokinetic studyunchanged but the mean& value decreased
conducted in fasting healthy volunteers, the ab{91.6vs 164.2ug/L; p < 0.05) and the mean time
sorption and elimination pharmacokinetics of t0 Cnax (tmay) increased (2.6s0.9 hours; g 0.05)
tiagabine were linear over the dose range 2 tan nonfasting compared with fasting healthy volun-
24mg[?8] With an absolute oral bioavailability of teers given a single oral dose of tiagabine &g.
90%, tiagabine is almost completely absorbed after Tiagabine is widely distributed throughout the
oral administratiori®! body (volume of distribution of approximately 1

2. Pharmacokinetic Properties

2.1 Absorption and Distribution
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L/kg) and approximately 96% of the drug inhuman Dose-adjusted Gax and AUC values of 18
plasma is bound to plasma proteff. ug/L/mg and 177ug/L - h/mg, respectively, were
reported after single-dose oral administration of
tiagabine 0.1 mg/kg to children aged 3 to 10 years
Tiagabine is extensively metabolised in thewith complex partial epilepsy who were receiving
liver, predominantly by the cytochrome P450 en-concomitant non-enzyme-inducing antiepileptic
zyme CYP3A33 5-oxo-isomers of tiagabine are drug therapy (valproic acid; n = BY) Tiagabine
the major metabolites found in both the plasma ang . and t,5 values were 2.4 and 5.7 hours, respec-
urine; 2 additional metabolites found in the faeces[ivew_ In children receiving concomitant enzyme-

. a0 33
have yet FO be |dent|f|e_@.. ] . . inducing antiepileptic drug therapy (carbamaze-
Following oral administration of radiolabelled . L _
pine or phenytoin; n = 17), the correspondipgkt

tiagabine 4mg to 4 healthy volunteers, approxi-
mately 63% of the dose was excreted in the faece%nd V. values were 2.6 and 3.2 hours. Aretrospec-

and 25% in the urin@4 Less than 3% of an orally tive comparison with pharmacokinetic data from a
administered dose of tiagabine appears to be exgingle-dose (8mg) study in adult patients with ep-
creted unchanged in the uri3&34] ilepsy who were also taking valproic acid (n = 4),
The plasma elimination half-lifeyfg) of tiagab- ~ showed the clearance of tiagabine to be greater in
ine is 4.5 to 8.1 hours in healthy volunteers (tablechildren (also receiving valproic acid) when calcu-
I1).1283% In patients with epilepsy,,p values |ated according to bodyweight (0.28 0.11
ranged from 3.8 to 9 hours;gvalues at the lower | /h/kg); when determined according to body sur-
ez:?ieorfttsherersgi?/ien(gfotr?cf).rii?;r?trse)nvzerrﬁereir?glrjtgg 'Face area, clearance rates in children and adults
gntiepileptic drugg (see section 2.5.32)')/3-6]Plasma Swere more S”.n”ar (.6'%4'6 L/h/rﬁ).[“o] .
Because tiagabine is extensively metabolised

clearance of tiagabine is 12.8 L/h in patients with , A 4 .
epilepsy not receiving concomitant therapy with by the liver, elimination of the drug is reduced in

enzyme-inducing antiepileptic drugs and this valugP@tients with hepatic impairment. In patients with
is increased in patients receiving concomitantmild to moderate impairment (serum albumin level
treatment with these agents (see sectior2.8 to 3.7 g/dl; n = 7), the, of tiagabine was
2.5.2)187.38] greater (11.7 or 15.9s 6.5 hours) and the G«
(172.4vs116.9ug/L) and AUC (632.7 or 674 s
395.8ug/L - h) higher than in healthy volunteers
(n = 6) after administration of tiagabine 4mg twice
The pharmacokinetic profile of tiagabine was daily for 11 dose&5] The area under the unbound
similar in healthy elderly volunteers (age85 plasma drug concentration-time curve, the un-
years; n = 8) and healthy young volunteers (agetound tiagabine concentration and the free-frac-
18 to 33 years; n = 8) after single- (8mg) and multjon of tiagabine were also increased in patients
tiple-dose administration (3mg 3 times daily for 5 it hepatic impairment. Dose reduction and/or a
days)i39 A statistically significant increase in the decrease in the frequency of administration may

mean dose-adjusted AUC (10872pg/L - h/mg; therefore be necessary to maintain plasma concen-
p < 0.05) on the final day of multiple-dose admin- y b

istration was reported in the elderly compared withl'ations of tiagabine within potential therapeutic
the young group. However, the investigators attrib/€Vels in patients with hepatic impairment.

uted this difference to interindividual variation in  In contrast, dosage adjustment appears to be un-
the AUC of tiagabine as a result of variability in necessary for patients with impaired renal function
the cytochrome P450 enzyme CYP3A isoform. receiving tiagabine theraji!!

2.2 Metabolism and Elimination

2.3 Effect of Age and Disease on the
Pharmacokinetics of Tiagabine
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2.4 Relationship Between Plasma Results from studies involving healthy volun-
Concentration and Therapeutic Effect teers suggest that tiagabine does not significantly

alter the pharmacokinetic profile of theophylline,

Few studies have investigated the relationshiRyarfarin or digoxin, which are all metabolised by
between tiagabine plasma concentration and therﬁepatic enzymed7-481 Furthermore, coadministra-

apeutic effect, and there are currently insufficientyjo of tiagabine had no clinically significant effect

data to recommend_routme monltorlng of t_|a_gab|neon sedative/cognitive impairment produced by eth-
plasma concentrations in patients receiving th

e . .
anol or triazolam in healthy volunteéf$d.
2,43] - .. . . . . .
d_rug_. Rowan et a . reported a greater re.d“.c Administration of tiagabine 2mg 4 times daily
tion in complex partial seizure frequency with in-

. . X or 12 days to 10 healthy women who had been
creasing tiagabine dosages and greater troug aking oral contraceptive therapy (ethinylestradiol
tiagabine plasma concentrations in a double-blin 9 P Py y

Oug plus levonorgestrel 15@ or desogestrel

placebo-controlled trial. The median reduction in . T
4-week complex partial seizure frequency from 150ug) for=6 months did not significantly alter the

baseline was 0.7, 0.8, 2.2 and 2.8 seizures aftd}@Sma concentrations of progesterone, ethinyl-
administration of placebo and tiagabine 16, 32 an@Stradiol, levonorgestrel, desogestrel, follicle-

56 mg/day, respectively [correlation coefficient (r) Stimulating hormone or luteinising hormoft#.

= 0.2; p = 0.001]. At trough tiagabine concentra-Although breakthrough bleeding was reported in 2

tions of <20, 21 to 40 and >4@y/L, the median Patients during the study, plasma progesterone lev-
reduction in 4-week complex partial seizure fre-€ls remained below threshold levels for ovulation

quency was 1.7, 2.0 and 4.9 seizures, respectively) both women, suggesting that tiagabine does not

(r=0.21; p = 0.001). interfere with oral contraceptive efficacy.
o ) 2.5.2 Effect of Other Drugs on the
2.5 Pharmacokinetic Drug Interactions Pharmacokinetics of Tiagabine
The rate of elimination of tiagabine is markedly
2.5.1 Effect of Tiagabine on the increased by coadministration with hepatic en-

Pharmacokinetics of Other Drugs zyme-inducing drugs such as carbamazepine,

14,zdmin(;§;rati?n_of ft]i_agatt)linelf 01h12 rlng/day fortphenytoin and primidone. In a population pharma-
ays did not significantly after e ciearance of.,; , oc analysis involving 511 patients with epi-

ty,p Of phenazone (antipyrine) in 9 healthy volun- lepsy, the clearance of tiagabine (2 to 80 mg/day)

teersl28! These results suggest that tiagabine does _”’

. . . was approximately 67% greater in patients receiv-
not inhibit or induce hepatic microsomal enzyme, . R . .
ng concomitant antiepileptic enzyme-inducing

systems. Accordingly, the plasma Concentration§h han in th h 24l 2
of other antiepileptic drugs, including carbamaze-! el’:’:[lel;')?ysg] an in those who were not ( QSQ '8_
pine and phenytoin, which are extensively metabo/N)-~"*"'As a consequence of enzyme induction,

lised by the liver, were not altered by the concom-€ductions of 40 to 70% in AUC andntx values
itant administration of tiagabine52 mg/day for ~Nave been reported for tiagabif>!l ty, values
>18 days to patients with epilepé§:45! are also reduced in patients receiving tiagabine
A decrease in faxand AUC values for valproic with enzyme-inducing antiepileptic drugs: 3.8 to
acid (approximately 10 to 12%;90.05) was re- 4.9 hour88] versus 7 to 9 hours in patients receiv-
ported in patients with epilepsy who received coning monotherap{#2) These findings suggest that
comitant tiagabine24 mg/day and valproic acid Ppatients receiving concomitant enzyme-inducing
(dosage not specified) for 14 dd§8.However, antiepileptic drug therapy will require higher dos-
because valproic acid has a wide therapeutic rangeges of tiagabine to achieve potential therapeutic
(50 to 100 mg/L), this decrease was not considereglasma concentrations. In contrast, valproic acid,
to be clinically significant. which does not induce hepatic microsomal enzyme
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TABLE Ill GOES HERE LANDSCAPE
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systems, does not appear to have a significant ef-
fect on tiagabine plasma concentratiéis?]

Drugs such as cimetidine and erythromycin,
which inhibit cytochrome P450 enzyme systems,
do not appear to significantly alter the pharmaco-
kinetic profile of tiagabind#?:52.53]

3. Therapeutic Efficacy

Because of ethical constraints which preclude
the use of monotherapy of unproven efficacy in
patients with epilepsy, the initial clinical assessment
of new antiepileptic agents is confined to evalua-
tion as add-on therapy in patients with epilepsy
refractory to established antiepileptic driRf<$>!
Only when a drug has demonstrated efficacy in this
setting can it be evaluated as monotherapy.

Interpretation of results from add-on trials may
be confounded by several factors, including com-
plications associated with drug interactions, or
pharmacodynamic synergism between the new and
existing antiepileptic therapies. Furthermore, pa-
tients with refractory seizures are inherently diffi-
cult to treat, and drugs which may be effective in
the treatment of less aggressive forms of epilepsy
may not prove effective in standard add-on trials.
Nevertheless, this approach continues to provide
the main source of initial clinical efficacy data for
new antiepileptic drugs.

Most clinical efficacy data on tiagabine are de-
rived from add-on placebo-controlled studies;
however, they have been augmented more recently
by results from short term monotherapy trials.
Available efficacy data are confined to patients
with partial seizures with or without secondarily
generalised seizures. Studies have included mainly
adult patients with epilepsy, although some in-
cluded patients as young as 10 years of age. Pre-
liminary results are also available from a small
number of studies which specifically evaluated the
efficacy of tiagabine in children and adolescents.
There are currently insufficient data to allow a
proper assessment of the efficacy of tiagabine com-
pared with other antiepileptic drugs.

Primary efficacy parameters used in clinical tri-
als of tiagabine included the percentage reduction

Drugs 1998 Mar; 55 (3)



Table IlI. Efficacy of tiagabine (TGB) as adjunctive therapy in patients with refractory partial epilepsy with or without secondarily generalised seizures: summary of 3 multicentre,

double-blind, placebo (PL)—controlled studies evaluating treatment with TGB for 7-12wk

Median decrease in 4wk
seizure frequency vs baseline
(no. of seizures)

Patients with 250% decrease in
seizure frequency vs baseline

Patients
completing
study

(%)

"panIasal sYBU ||y PaNIT [EUONRUIBIU| SIPY ©

Reference Patients receiving TGB dosage (mg)  Median 4wk baseline
concomitant [no. of patients seizure frequency
medication at entry] (no. of seizures)

(%) CP SP SGTC

Richenset  CBZ (77), VGB (28), TGB <52/day [94] 8.8 6.8 3.8

al.#4a PHE (20), VLP (20)

Sachdeoet CBZ (69), VLP (38), TGB 16 bid [106] 8.4 8.5 NR

al 158l PHE (36), PHB (8), TGB 8 gid [105] 7.9 9.2 NR
PRI (8), CLO (7), ACE (5) PL[107] 8.0 8.0 NR

Uthmanet  CBZ (69), PHE (32), TGB 4 qid [61] 8.5 9.7 NR

al.b7e VLP (27), PHB (26), TGB 8 gid [88] 9.6 13.7 NR
PRI (13) TGB 14 qid [57] 9.1 9.1 NR

PL[91] 7.4 8.6 NR

(%)
CP SP SGTC
26 NR 63
31+ 37* NR
27+ 29 NR
10 16 NR

8 28.2* NR

20** 34.7* NR
20%* 36.4** NR
4 9.8 NR

45

85
80
91
92
81
70
88

sbnig

a Crossover study; efficacy data provided for patients who completed the study (n = 42).

b Decrease in seizure frequency expressed as a percentage versus PL.
¢ Parallel-group study, intent-to-treat analysis.
d Absolute increase (+) in seizure rate.

Abbreviations and symbols. ACE = acetazolamide; bid = twice daily; CBZ = carbamazepine; CLO = clorazepate; CP = complex partial seizures; NR = value not reported;
PHB = phenobarbital; PHE = phenytoin; PRI = primidone; gid = 4 times daily; SGTC = secondarily generalised tonic-clonic seizures; SP = simple partial seizures; VGB = vigabatrin;

VLP = valproic acid; * p <0.05, ** p< 0.01 vs PL.
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Nonblind screening phase Randomised, double-blind phase
Richens
etal. Dose titration (<8wk)? Fixed Run-in Fixed dosage (7wk) | Crossover | Fixed dosage (7wk) | Termination
dosage (4wk) (3wk)Pe TGB (<52 mg/day) (3wk)® TGB (<52 mg/day) (3wk)
(n=94) TGB orPL or PL
(<52 mg/day)
Uthman Dose titration Fixed dosage (12wk) Termination
etal. (4wk)d TGB 4,8 or 14mg qid (4wk)
TGB or PL orPL
(n=297)
Sachdeo | Dose titration Fixed dosage (8wk) Termination
etal. (4wk)e TGB 16mg bid or 8mg qid (4wk)
TGB or PL orPL
(n=318)

Fig. 2. Study design of 3 multicentre randomised double-blind placebo (PL)-controlled studies evaluating the efficacy of tiagabine
(TGB) as add-on therapy in patients with refractory partial epilepsy. All studies were preceded by a baseline period of 8 to 12 weeks
during which seizure frequency was established. TGB therapy was gradually reduced during the termination period. (Richens et
al.*¥; Uthman et al.5”; Sachdeo et al.[5¢l).
a Initial TGB dosage was 2mg qid; thereafter dosage was increased (not specified) at weekly intervals to a maximum of
52 mg/day or until seizure frequency was reduced by 25% or unacceptable adverse events developed.
b Patients were randomised to the double-blind study phase if they experienced a 25% reduction in seizure frequency,
tolerated TGB well and did not require any change in the dosage of concomitant antiepileptic drug therapy.
¢ During the run-in and crossover periods patients were titrated off and on to TGB depending upon the sequence of
treatment (PL then TGB or vice versa).
d Initial TGB dosage was 2mg qid; thereafter, the dosage was either increased by 8 mg/day after 2wk to 16 mg/day, by
8 mg/day on 3 successive weeks to 32 mg/day or by 16 mg/day on 3 successive weeks to 56 mg/day.
e TGB dosage titration schedule was either 4mg bid, 8mg bid, 12mg bid and 16mg bid, or 2mg qgid, 4mg qid, 6mg qid and
8mg qid during weeks 1, 2, 3 and 4, respectively.
Abbreviations: bid = twice daily; qid = 4 times daily.

in seizure frequency and the proportion of responding 1 to 3 drugs) in the 8 weeks before study entry.
ers (number of patients who experienceeb@%  Details of concomitant antiepileptic medication are
reduction from baseline in seizure frequency). provided in table IlI.
The design of these studies is detailed in figure
3.1 Add-on Therapy in the Management of 2. One study enrolled 94 patients and comprised 2
Refractory Partial Epilepsy phases, a nonblind screening phase and a double-
blind, placebo-controlled, crossover ph&4EThe

3.1.1 Short Term Studies . . .
The full published results of 3 short term, screening phase included a perio&diweek dur-

multicentre, randomised, double-blind, pIacebo—Ing which the tiagabine dosage was titrated to a

controlled studies indicate that tiagabine is effec-Maximum of 52 mg/day, followed by a 4-week
tive as adjunctive therapy in the management ofixed dose phase. At the end of the fixed dose pe-
partial epilepsy#+56:57 All patients recruited to riod, patients who experienced>a25% reduction
these studies were aged between 12 and 75 yeaf8, seizure frequency, tolerated tiagabine well and
had a diagnosis of partial epilepsy (with or withoutdid not require a change in dosage of concomitant
secondarily generalised seizures) and had expergntiepileptic drugs were eligible to enter the dou-
enced>6 complex partial seizures while receiving ble-blind crossover phase. This included a 3-week
conventional antiepileptic drug therapy (compris-run-in period, a 7-week assessment period for the
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first drug, a 3-week crossover period and a secondeizure frequency than tiagabine 32 mg/dayy2.3
7-week assessment period for the second drug. 787 seizures) [statistical significance not provided].
of 94 enrolled patients completed the screeningReductions in secondarily generalised seizure fre-
phase and 46 of these patients were eligible to entgfuency were also apparentin all 3 tiagabine dosage
the double-blind phase. groups but were not statistically significant com-
The other 2 trials were of a parallel-group de-pared with placebo.
sign and included a 4-week dose titration period, Broadly similar reductions in partial seizure
followed by 8 or 12 weeks of fixed dose therapy.rate were reported with twice-daily and 4-times-
One study randomised 297 patients to treatmendajly administration of tiagabirfé8! Complex par-

with t;e;lgabine 4, 8 or 14mg 4 times daily or pla- ja| sejzure frequency was reduced=50% rela-
cebol®’l The other randomised 318 patients ©tive to baseline in 31% of patients treated with

tiagabine 16mg twice daily or 8mg 4 times daily ortiagabine 16mg twice daily and 27% of patients

placebd?*! . . treated with tiagabine 8mg 4 times daily. These
The study results are summarised in table Ill. 42

patients (45%) completed the crossover study an&gductions were statistically significant compared
were evaluable for efficad§#! Tiagabine 12 to 52 with placebo for both treatment groups<(p.01).

mg/day (mean 33.4 mg/day) reduced the Comple)I(mprovements.in simple partial §eizurg frquency
partial and secondarily generalised tonic-clonicV€"® mo_re \_/:_;lrlable. Only the tw|ce—dally reglme_n
seizure frequency by 32.6 and 61.0%, respectivel;}?roveq S|gn|f|c§ntly more .effect-lve than placebo in
relative to placebo (p < 0.05). Simple partial sei.reducing the simple partial seizure frequency by
zure frequency was also reduced (66%) but the
change was not statistically significant versus pla- 40 @ complex partial
cebo. Among the patients who completed the study, O simple partial
11 (26%) experienced 250% reduction versus
baseline in complex partial seizure frequency dur-
ing tiagabine therapy. Secondarily generalisedg
tonic-clonic seizure frequency was reduced by £
>50% in 17 of 27 patients (63%) who experienceds
these seizures.
In the dose comparison study, complex partialg
seizure frequency, and to a lesser extent simple parg
tial seizure frequency, improved with increasing & 10
tiagabine dosage’! Compared with placebo, tiaga-
bine 32 and 56 mg/day reduced the complex partial

*k

*k

30 * **

*k

20

ng p

seizure frequency (relative to baseline #59% in

more patients (20 and 2996 4%; p < 0.01) [fig. & ) ) )
. . S O S

3] and produced greater reductions (relative to b@@ %@% @@Q

baseline) in 4-week complex partial seizure fre- /\O@“’ /\OQ;*’ ,\0‘2’%

quency (2.2 and 2.8s 0.7 seizures; p < 0.05).
Tiagabine 16 mg/day was less effective. The pro-

. . . . . . Fig. 3. Dose-response relationship for tiagabine (TGB) as add-
pOI’tIOI’l of patlents with S|mple partlal seizures Whoon therapy for the management of refractory partial epilepsy.

responded to treatment was greater versus placel®iationship between TGB dosage (16, 32 and 56 mg/day) and
for all 3 treatment groups (28.2 to 36219.8%: P response (=50% reduction in seizure frequency from baseline)
. . K for simple partial and complex partial seizures among patients
< 0-05) [f'g- 3]- However, t'agabme 16 mg/day Pro- recruited to a randomised, double-blind, placebo-controlled,
duced a greater decrease in 4-week simple partighrallel-group study.57 *p < 0.05, **p < 0.01 vs placebo.
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Table IV. Overview of the results of a pooled analysis of 5 multicentre, randomised, double-blind, placebo-controlled studies of tiagabine
12-64 mg/day for 7-12wk as add-on therapy in a total of 951 enrolled patients with partial epilepsy>®!

Seizure type Patients with >50% reduction Median reduction in 4wk Median increase in number
(no. of evaluable patients) in seizure rate seizure rate vs baseline of seizure-free days

vs baseline (%) (%) vs baseline (%)

tiagabine placebo tiagabine placebo tiagabine placebo
All seizures (763) 232 9P 25** 0.1 6** 0
Complex partial (750) 27 13 25** 3 5 0.8
Simple partial (424) 30 10 255+ +2¢d NR* NR
Secondarily generalised tonic-clonic (366) 40 30 357 0° NR** NR

a 95% Cl 19-26%.

b 95% Cl 6-13%.

¢ Values estimated from graph.

d Increase in seizure rate.

Abbreviations and symbols. Cl = confidence interval; NR = value not reported; *p < 0.01; *p< 0.0001 vs placebo.

>50% (37vs16%; p = 0.03); however, a significant  There are no direct comparisons of tiagabine
reduction in 4-week seizure frequency comparedand other antiepileptic drugs as add-on therapy in
with placebo was seen only with the 4-times-dailyepilepsy. In a retrospective analysis of placebo-
regimen (—2.vs +0.6 seizures; g 0.01). Reduc- controlled randomised trials evaluating different
tions in secondarily generalised seizures were simantiepileptic drugs, no significant difference in ef-
ilar for both active treatment groups (table 1l1). ~ ficacy was demonstrated between tiagabine, gaba-
Pooled data from the 3 add-on therapy trials depentin, lamotrigine, topiramate, vigabatrin and
scribed in table 11l and from 2 other studies (the fullzonisamide as add-on therapy in refractory partial
results of which have not been published) haveepilepsy (based on odds ratio and 95% Cls relative
been analysel8 The additional trials are a paral- 0 placebo for patients witt50% reduction in sei-
lel-group study in 154 patients with partial epilepsy Zuré frequencyif!
treated with tiagabine 30 mg/day or placebo and a An anecdotal report of a substantial improve-
crossover study in 88 patients with partial epilepsy™Ment in seizure control after the addition of sub-
treated with tiagabine 12 to 64 mg/day or placebothnerapeutic doses of the GABA transaminase inhib-
Pooled analysis revealed that the proportion of palfor vigabatrin (500mg at night) to tiagabine
tients experiencing 250% reduction in overall herapy (40 mg/day) in 2 patients with refractory
seizure frequency during 7 to 12 weeks of therapyFPII€PSy has led to the suggestion of possible syn-
was greater in the tiagabine than the placebo treaf'9Y Petween GABAergic drugs. However, this
ment group [23vs 9%: 95% confidence interval hypothesis requires further investigatiéf.
(CI) of 19 to 26% and 6 to 13%, respectively, p 5, , Long Term Studies

value not provided] (table IVj®! In addition, The long term efficacy of tiagabine is being eval-
tiagabine-treated patients experienced a greatqQjated in 6 nonblind multicentre studies. Three of
median reduction from baseline in 4-week overallthese trials are extensions of the placebo-controlled
seizure frequency (28 0.1%; p < 0.0001) and a add-on studies described in the previous section. The
greater median increase in the number of seizuregther three were initiated as nonblind studies and en-
free days (&s0%; p < 0.0001) than placebo recip- rolled a total of 1206 patients with epilepsy (any type)
ients. When the results were analysed according taot adequately controlled with existing antiepileptic
seizure type, tiagabine was judged to be effectivalrug therapy?2-58! The maximum permitted dosage
in the treatment of both complex and simple partialof tiagabine was 80 mg/day in 4 of the studies and 64
seizures and secondarily generalised tonic-clonieng/day in the remaing two, usually administered
seizures (table V). in 3 or 4 divided doses.
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A pooled analysis of the 3 extension studies,sponse during up to 24 months of tiagabine therapy
which recruited a total of 772 patients treated with(median dosage 56 mg/day after mont#$%6§2 in
tiagabine<80 mg/day, revealed=50% reduction 171 patients, the median reduction from baseline
in seizure frequency (all seizures and specific seiin 4-week complex partial seizure frequency was
zure types) in about 30 to 40% of patients treate®-4, 3.1, 3.3 and 3.8 seizures at 0 to 6, 7 to 12, 13
for >3 to 6 monthés8l Except for secondarily 0 18 and 19 to 24 months, respectively. All pa-
generalised tonic-clonic seizures, this effect wadients recruited to this study initially received
generally maintained during 12 months of treat-tiagabine as add-on theraf$.
ment (fig. 4). For secondarily generalised tonic-
clonic seizures, the percentage of responders was
decreased from 40.5% at >3 to 6 months to 28.4%
at >12 months. According to a pooled analysis of |njtial experience from 2 studies, a dose-rang-
all 6 long term studies, 15 to 30% of patients wereing stud)[ﬁlve“] and a dose-comparison std@yg‘ﬂ
seizure free for at least 2 month. suggests that tiagabine monotherapy has a benefi-

In a briefly reported analysis of one of the longcial effect in some patients with partial epilepsy
term extension studies, there was no loss of rerefractory to monotherapy with other antiepileptic

3.2 Monotherapy in the Management of
Partial Epilepsy

50 & All seizures
[ complex partial
(| Simple partial
O Secondarily generalised tonic-clonic
40 —
S
& 30
= -
Q9
®
[e%
jo2}
=
£
c
o
o
$ 20 —
4
10 —
O -

>3-6 >6-9 >9-12 >12
Duration of treatment (mo)

Fig. 4. Long term efficacy of tiagabine. Proportion of patients with partial epilepsy who responded to add-on tiagabine therapy
(<80 mg/day) [=50% reduction from baseline in 4-week seizure frequency; intent-to-treat analysis] according to a pooled analysis of
3 nonblind studies (n = 772).158]
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drugs. In both studies, tiagabine therapy was gradday during the first 2 weeks of the dose titration
ually introduced before discontinuation of existing period in the high-dose therapy group.
antiepileptic therapy (over a period of 3to 4 weeks) 141 of 198 patients (71%) discontinued this
to minimise the potential for withdrawal seizures. study prematurely. There was a trend towards in-
Notably, the optimal dosage for tiagabine was notcreased discontinuation because of lack of efficacy
identified in these 2 studies, a major factor being an the low versus the high dosage group (1
high rate of study withdrawal (>50%). This was 29%). The median 4-week complex partial seizure
probably due to poor tolerance during the period offrequency for patients completing the fixed-dosage
conversion to monotherapy, which involved simul- period (n = 57) was decreased from baseline after
taneous titration of tiagabine and tapering of basetreatment with both low (4s 6.2 seizures; p =
line antiepileptic drugs. Moreover, the refractory 0.002) and high dosage tiagabine therapy 4.8
nature of the disease in patients recruited to thesseizures; p = 0.025) [values estimated from a
studies made successful conversion to tiagabingraph]!®1In an intent-to-treat analysis, seizure fre-
monotherapy less likely. guency was not significantly changed from base-
In the nonblind dose-ranging study, 31 patientsline during the titration and fixed dosage period
with complex partial epilepsy were initiated on and was similar for both treatment groups. How-
tiagabine at a dosage of 0.25 mg/kg/day. This dosever, more patients in the high dosage group expe-
age was increased to 0.5 mg/kg/day within 7 daysienced a=50% reduction in complex partial sei-
or to 0.35 mg/kg/day if the patient was not receiv-zure frequency than patients in the low dosage
ing concomitant enzyme-inducing antiepileptic group (31vs 18%; p = 0.038).
drug therapypl64 After a subsequent 2-week  Tiagabine monotherapyx6 mg/day) demon-
washout phase to allow time for reversal of enzymestrated minimal efficacy in a small study involving
induction in patients who had been receiving con-11 patients with complex partial epilepsy undergo-
comitant enzyme-inducing antiepileptic drug ther-ing seizure assessment prior to surg@$s!
apy, the dosage of tiagabine was adjusted to the Data on the comparative efficacy of tiagabine
maximum tolerated dosage during a 7-week dosand existing antiepileptic medications are limited
evaluation period. More than half the patients (19to the preliminary results of a double-blind, ran-
of 31; 61%) were converted to tiagabine monotherdomised, parallel-group study comparing tiaga-
apy for=2 weeks, and 12 of these patients com-bine 10 to 20 mg/day (n = 147) and carbamazepine
pleted the study receiving a mean final dosage 000 to 800 mg/day (n = 144) as monotherapy in
tiagabine of 38.4 mg/day (range 24 to 54 mg/day)patients with newly diagnosed partial epi-
In the double-blind, parallel-group, dose- lepsyl®”-68] Fewer tiagabine-treated patients com-
comparison study, patients with complex partialpleted the 44-week assessment period (primary ef-
epilepsy with or without secondarily generalisedficacy end-point) than carbamazepine-treated
seizures were randomised to treatment with tiagapatients (41vs 54%; statistical significance not
bine 6 (n = 102) or 36 mg/day (n = 98)851 This  provided). This difference was mostly attributable
investigation comprised an 8-week baseline phasdép more patients in the tiagabine treatment group
a 6-week dose titration phase, a 12-week fixed dosexperiencing a second seizure during this period
age period and a 3-week termination period. Ongo¢20 vs 14% of patients). However, the utility of
ing antiepileptic drug therapy was continued dur-these results is limited because of the absence of
ing the baseline period and discontinued over thetandard efficacy measurements such as a reduc-
last 4 weeks of the dose titration period. Patientdion in seizure frequency and response rate. More-
treated with tiagabine 6 mg/day received this dosover, a very narrow and possibly low tiagabine dos-
age throughout the dose titration and fixed dosagage range (10 to 20 mg/day) was selected for
periods, whereas tiagabine was titrated to 36 mgévaluation in this study.
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3.3 Childhood Epilepsy In the long term studies, which were either exten-
sions of the short term studies or newly initiated
Although some of the add-on therapy andtrials, 1978 patients were treated with tiagabine

monotherapy studies already described (section(c,S80 mg/day): of these, 814 received the drug for

3.1 and 3.2) recruited patients with epilepsy as; . : .
young as 10 to 12 years of age, few studies havél year. 162 patients in the long term studies were

specifically evaluated the efficacy of tiagabine in aged 12 to 17 years and 24 were aged >65 years.

children and adolescents. Preliminary data from 3 The majority of adverse events observed in

small noncomparative studies have indicated ar?d.luc;tts treac';ed \;V'th tlaga.bltnzm.;dr:e;;e ét:lcéles ;vere
improvement in seizure control in some childrenM!'d to moderate, associated wi € and ap-

. . . . i ] i
and adolescents with partial seizures treated Wlﬂpeared early. on in thgraﬁﬁ. Serlous advgrsg
tiagabing®®-71l This effect appears to be main- events (requiring hospitalisation or resulting in

tained over prolonged periods of time (up to 18permanept digability or death) were usua]ly unre-
months or morely.72l lated to tiagabine therafi#! They occurred in 398
Partial seizure frequency was reduced by >5004 2600 patients (15.3%), with accidental injury
in 20% of children (aged 2 to 15 years) with refrac-(3%), confusion (1%), somnolence (0.8%) and de-
tory partial seizures treated with add-on tiagabing®réssion (0.8%) the most frequently rep.or{féh.-
0.25 to 1.5 mg/kg daily (n = 249! and in 6 of 11 In the short term studies, 91% of tiagabine-
adolescents (aged 12 to 16 years) with refractoryreéated patients compared with 79% of placebo re-
partial epilepsy treated with add-on tiagabine 32 tc¢ipients experiencedl treatment-emergent ad-
80 mg/day’ Tiagabine 32 to 80 mg/day also re- verse event3l Dizziness (3(/s 13% of patients),
duced the mean seizure frequency per month frondsthenia (24s12%), nonspecific nervousness (12
baseline (73.6/s 47.5 seizures per month; p < Vs 3%), tremor (9vs 3%), diarrhoea (¥'s 2%),
0.05)[701 However, dosages of 0.25 to 1.5 mg/kgdepressed mood (& 1%) and emotional lability
had only minimal efficacy in the treatment of pri- (4 vs 1%) were the most common adverse events
mary generalised seizures in childfh. (all grades) associated with tiagabine therapy and
Among 25 children (aged 3 to 11 years) with were all significantly more frequent among tiaga-
partial epilepsy enrolled in a long term study, 18bine- than placebo-treated patients (fig. 5). Other
(72%) were successfully converted to tiagabineadverse events including somnolence, headache,
monotherapy foe120 days (median duration 514 abnormal thinking (difficulty in concentrating or
days). The median seizure-free period for these paslowness of thought), abdominal pain, pharyngitis,

tients was 454 day$!! ataxia, confusion, psychosis and skin rash, oc-
N curred with a similar frequency in the 2 treatment
4. Tolerability groups. Clinically significant effects on blood

counts or liver function tests were not reported af-
ter tiagabine therapy. Treatment discontinuation
Currently, the most detailed information on the due to adverse events was necessary in 15% of
tolerability profile of tiagabine is based on pooledtiagabine- compared with 5% of placebo-treated
analyses of 5 randomised double-blind p|acebo.patients and was mainly attributable to the devel-
controlled studies and 6 nonblind long term trialsopment of dizziness, asthenia, somnolence or
of tiagabine as add-on therapy in patients with reataxia in the former group.
fractory epilepsy’3 In the placebo-controlled  Long term tiagabine therapy was associated
studies, a total of 675 patients (aged 12 to 77 yearsyith a similar profile and incidence of adverse
treated with tiagabine (typicalls64 mg/day forup events to short term theralg§l The incidence of
to 12 weeks) and 363 patients treated with placebadverse events tended to peak during the first 1 to
for the same period were evaluable for tolerability.6 months of tiagabine therapy and events generally

4.1 Add-on Therapy
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mg/day (7vs 15 or 16%); this difference was not
Dizziness statistically significant®”! There was also a ten-
dency for fewer patients receiving tiagabine 8mg 4
times daily to discontinue therapy because of ad-

Asthenia . M ’
verse events than patients receiving 16mg twice
Nonspecific daily (8vs12%) in a large clinical tridf!
nervousness
4.2 Monotherapy
Tremor Although assessment of the tolerability profile
of tiagabine may be confounded by its use in com-
Diarthoea bination with other antiepileptic drugs, tolerability

data from trials evaluating tiagabine as monother-
apy support the findings of add-on therapy studies.
The most frequently reported adverse events asso-
ciated with tiagabine monotherapy were CNS-
[ Tiagabine related and included dizziness, asthenia, difficulty
[ Piacebo concentrating and somnolen&d. These adverse
A A events were usually mild to moderate and necessi-
0 5 10 15 20 25 30 35 . . . .
Patients (%) tated treatment discontinuation in 78 of 236 pa-
tients (33%). Dosage comparison revealed a signif-
Fig. 5. Comparative tolerability of tiagabine and placebo. Inci- icantly (p < 0.05) greater incidence of dizziness (35
dence of treatment-emergent adverse events which were more vs 15%), difficulty concentrating (28s 8%), par-
frequent among tiagabine- than placebo-treated patients (p < ! \ !
0.05). Data are derived from a pooled analysis of 5 randomised, aesthesia (20s 7%) and nonspecific nervousness
double-blind, placebo-controlled studies (n = 1038) evaluating (16 VS 5%) and significantly more treatment with-
add-on tiagabine therapy in patients with refractory partial epi- drawals due to adverse events‘(433%' p< 0 05)
lepsy.[3! . S L )
e among patients treated with tiagabine 36 mg/day
than with 6 mg/daipl!

Depressed mood

Emotional lability

resolved within 1 montf3.74 Excluding acciden- ' .
tal injury (25% of patients), infection (23%) and  4-3 In Comparison with Other Agents

flu syndrome (11%), the most frequently reported  paig on the comparative tolerability of tiaga-
adverse events during long term therapy (up 0 hine and other antiepileptic drugs are limited. The
year or more) were dizziness (34%), somnolencey ejiminary results of a study comparing tiagabine
(25%), asthenia (24%), headache (23%) and tremofq tg 20 mg/day (n = 147) and carbamazepine 400
(20%)1731 Other adverse events (nonspecific ner-is 800 mg/day (n = 144) as monotherapy for up to
vousness, confusion, abnormal thinking, nauseaq4 weeks indicated a similar incidence of adverse
ataxia and nystagmus) occurred with an incidenc@vyents in the 2 treatment group&®el 84% of
of 10 to 15%7°! tiagabine- and 90% of carbamazepine-treated pa-
Notably, data from this pooled analysis revealedients experienced1 adverse event; asthenia was
no significant correlation between daily tiagabinethe most common adverse event associated with
dosage and the incidence of adverse events for thearbamazepine therapy (8826% of patients) and
dosage ranges studiesé, >24 to 36, >36 to 48, dizziness was most frequent among the tiagabine-
>48 to 64, >64mgYy=l However, in another study, treated patients (28 20%). The incidence of ad-
patients receiving tiagabine 16 mg/day were lesyverse events according to body system was similar
likely to discontinue therapy because of adversdor both treatment groups, except for those affect-
events than patients receiving tiagabine 32 or 56ng the skin and appendages, which were more fre-
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guent among carbamazepine-treated patients (2Qompared with 5% in the unexposed popula-

vs 12%). tion.[8% There is no evidence to suggest an associ-
ation between the use of tiagabine therapy during
4.4 Other Adverse Events pregnancy and the development of teratogenic ef-

_ o fects. In animal studies the drug showed no clini-
Animal datd®l and anecdotal clinical reports cally significant teratogenic, carcinogenic or ge-
relating to patients receiving tiagabine 48 to 60netic effectd32) However, human experience with

mg/day’®! have led to concerns regarding a possitiagabine in this setting is limited and currently
ble association between the development of statusased on only 21 pregnancies, of which 8 pro-

epilepticus and the use of tiagabine therapy. Howceeded normalli3!!

ever, a recent evaluation of prospectively gathered Overdosage with tiagabine§00mg) in ap-
data did not suggest such an associdfofl!  proximately 20 patients was associated with a full
Combined data (reported as abstracts) from plarecovery without any evidence of long term ad-
cebo-controlled add-on therapy studies indicatedjerse effect&2:83 The most common symptoms
the development of status epilepticus in 4 of 4943s50ciated with tiagabine overdosage were confu-
(0.8%) tiagabine-treated patients compared with Zjon, somnolence, agitation, hostility, speech im-
of 275 patients (0.7%) receiving placebo. The corpairment, weakness, impaired consciousness and

responding figures for complex partial statusmyoclonus. Supportive care with gastric lavage or
epilepticus were 0.6 and 0.798."11n a Compari- activated charcoal aided recovery.

son of all tiagabine-treated patients (n = 2531) and
4 external cohorts of epilepsy patients not treated
with tiagabine (n = 434), the incidence of status
epilepticus (5vs6 to 9%) and of complex partial Prescribing recommendations for tiagabine as
status epilepticus (8s2 to 3%) was similar in all adjunctive therapy to enzyme-inducing antiepilep-
treatment groups8 771 However, the shorter dura- tic drugs in patients with partial epilepsy differ
tion of observation for the tiagabine—treated pa-markedly between the US and Europe.
tients (median 1.¥s2.3 to 5 years) does warrant  |n adults receiving at least 1 concomitant en-
some caution when interpreting these results. It hasyme-inducing antiepileptic drug, US recommen-
been suggested, however, that a previous history afations state that tiagabine should be initiated at a
status epilepticus and not tiagabine therapy is a sigdosage of 4mg once daily with food followed by
nificant risk factor for recurrence of this condition. weekly increments of 4 to 8mg until clinical re-
Exacerbation of electroencephalogram (EEG)sponse is achieved (table ¥l In adolescents
abnormalities in association with cognitive and (aged 12 to 18 years), the initial dosage (4mg) may
neuropsychiatric adverse events has been reportdik increased by 4mg after 2 weeks and thereafter
in patients with a history of spike and wave dis-by 4 to 8mg at weekly intervals. The recommended
charges on EEG. In the documented cases in paral maintenance dosage is 32 to 56 mg/day in
tients receiving tiagabine therapy, the individualsadults and32 mg/day in adolescents, adminis-
usually continued treatment with tiagabine but re-tered in 2 to 4 divided doses.
quired a dosage adjustméf#. In Europe, treatment of adults and adolescents
Spontaneous ecchymoses have been reported {aged >12 years) with tiagabine should be initiated
patients treated with tiagabine and a full bloodat a dosage of 7.5 to 15 mg/day followed by weekly
countincluding platelet count should be performedincrements of 5 to 15 mg/day. The recommended
if ecchymoses develdp?) oral maintenance dosage for tiagabine as add-on
The absolute risk of congenital malformationstherapy is 30 to 50 mg/day in 3 divided doses with
in offspring born of mothers treated with antiepi- food (table V)i’ In patients with a history of se-
leptic drug therapy is approximately 7 to 10%, rious behavioural problems including generalised

5. Dosage and Administration
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Table V. US and European dosage recommendations for tiagabine as adjunctive therapy in adolescents and adults with epilepsy taking at
least 1 enzyme-inducing antiepileptic drug

ustel Europel™
adults (aged >18y) adolescents (aged 12-18y) adults and adolescents (aged >12y)
Initiation dosage 4 mg/day 4 mg/day 7.5-15 mg/day
Titration schedule + by 4-8mg at weekly intervals 1 by 4mg at beginning of week 2; 1 by 5-15 mg/day at weekly
thereafter 1 by 4-8mg at weekly intervals

intervals
Usual maintenance dosage  32-56 mg/day in 2-4 divided doses <32 mg/day in 2-4 divided doses 30-50 mg/day in 3 divided doses

anxiety and depression, treatment should be initi€al neurons. It is the most common serious neuro-
ated at a low initial dosage under close clinicallogical condition, with an estimated prevalence of
supervision. In common with other antiepileptic approximately 0.4 to 0.8% in the general popula-
drugs, abrupt discontinuation of tiagabine therapytion.[84l According to the International League
may cause seizure recurrence. If cessation of\gainst Epilepsy classification, seizures can be
tiagabine therapy is necessary, the dose should mibdivided into generalised, partial and unclassi-
reduced gradually over a period of 2 to 3 weéls. fiable[85] A seizure is considered generalised when
Mild or moderate hepatic impairment may ne-there is no evidence of an anatomic localisation or
cessitate dosage reduction. In Europe, tiagabine i®cal onset; partial seizures originate from a de-
contraindicated in patients with severe hepatic imfined focal region of the brain. Consciousness is
pairment’® Tiagabine may cause dizziness ormaintained during simple partial seizures, but is
other CNS-related symptoms, therefore, patient§mpaired or lost during complex partial seizures.
should be advised neither to drive or operate othePartial seizures may sometimes become bilateral,
complex machinery until they have gained suffi-involving both sides of the cortex, and are then
cient experience on tiagabine to gauge whether ofeferred to as secondarily generalised.
not it adversely affects their mental and/or motor There is clearly a need for more effective, better
performancé’®] tolerated antiepileptic drugs. Established antiepi-
Experience is limited in patients receiving leptic agents such as phenytoin, carbamazepine
tiagabine who are not receiving concomitant en-and valproic acid provide adequate seizure control
zyme-inducing antiepileptic drugs, and specific for many patient$¢! however, seizure control re-
US dosage recommendations for the use of tiagamains suboptimal for many individuals. According
bine in this setting are not yet available. Europeano a prospective analysis of 1102 patients with par-
prescribing guidelines state that the maintenancéal epilepsy, only 23 to 26% of patients with com-
dosage of tiagabine should initially be reduced toplex partial seizures alone were seizure free after 1
15 to 30 mg/day in patients not taking enzyme-year of treatment with standard antiepileptic drug
inducing drugs’® Dosage recommendations for therapy; the corresponding figures for patients with
the use of tiagabine in children are not yet avail-secondarily generalised tonic-clonic seizures alone
able, and there are currently insufficient data to recor partial seizures with secondarily generalised
ommend the use of tiagabine in pregnant or lactattonic-clonic seizures were 48 to 55% and 25 to

ing women (see section 4.4). 32%[87] Moreover, treatment with established anti-
epileptic agents is frequently complicated by poor
6. Potential Place of Tiagabine in the drug tolerability and drug interactiof$.5°]
Management of Epilepsy During the last 10 years there has been substan-

tial progress in understanding of the cellular and
Epilepsy is characterised by intermittent and ex-neurochemical mechanisms underlying epilepsy.
cessive synchronous discharge of groups of cortiThis has enabled the rational development of drugs
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which interfere with mechanisms known to be in-drugs such as warfarin, theophylline, cimetidine,
volved in neuronal excitability, as opposed to thedigoxin or oral contraceptives. This contrasts with
chance discovery of antiepileptic drugs throughdrugs such as phenytoin and carbamazepine which
empirical drug screening programmes. Tiagabineaccelerate the metabolism of warfarin and theo-
is the product of such a rational drug developmenphylline. Clinical experience to date has shown
programme and is the first selective and specifiahat tiagabine is generally well tolerated. Neuro-
GABA uptake inhibitor to be introduced into clin- |ogical adverse events, including dizziness, asthe-
ical practice. nia and nonspecific nervousness, account for the
Tiagabine has demonstrated efficacy in themajority of adverse events associated with tiagab-
treatment of simple and complex partial seizuregpe therapy but appear to be generally mild to mod-
(with and without secondarily generalised sei-grate. Notably, skin rash, gingival hyperplasia,
zures) when used as add-on therapy in patients rgjirsutism and psychosis, frequently associated
ceiving other antiepileptic drugs. The reduction in\yitn conventional antiepileptic drug therapy, do
seizure frequency appears to be maintained during; appear to be a problem with tiagabine.
long term therapy (up to 12 months or more). In |5 conclusion, tiagabine is a new antiepileptic
preliminary studies, tiagabine monotherapy had Yrug with a novel mechanism of action. It has
beneficial effect in some patients with partial epi'shown efficacy as an adjunct to existing drug re-
lepsy refractory to other antiepileptic drugs, andyimens in the treatment of partial epilepsy with or
when used in children with refractory partial epi- without secondarily generalised seizures. Areas

lepsy. Dlrgct comparisons with convmlentlonall andwhich require further investigation include the use
newer_a.ntleplleptlc _agents such as vigabatrin an%f tiagabine as monotherapy, its use in children
lamotrigine are lacking and are necessary to estab—ith epilepsy and its efficacy against other epilep-

lish the place of tiagabine in the management ot’.v . o . .
: ; .tic seizure types. In addition, direct comparative
epilepsy. Such studies should encompass relative

comparisons of efficacy both as monotherapy ancftUdies will be required to definitively position

as add-on therapy and include an assessment Oi?gabine In the treatment of epilepsy. Meanwhile,

cost effectiveness and quality of life tlagabine may be a useful alternative therapeutic
Although there is some evidence to suggest ption for the adjunctive treatment of partial epi-

relationship between tiagabine plasma concentra~PSY-

tions and therapeutic effect, there are currently in-
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