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Randomised controlled
monotherapy trials:
which comparators to use?*

Ettore Beghi
Laboratorio di Malattie Neurologiche, Dipartimento di Neuroscienze,
Istituto Mario Negri, Milano, Italy

ABSTRACT – As approximately 50% of patients with newly diagnosed
epilepsy achieve seizure remission after initial monotherapy, the selection
of the first-choice drug to be used as the gold standard in randomised clini-
cal trials is critical. Several first and second generation drugs have been
used in regulatory and pragmatic monotherapy trials with similar efficacy
but differing pharmacokinetic, tolerability, and safety profiles. None of the
available compounds has an ideal profile and second generation drugs do
not appear to present unequivocal advantages in this regard. Compared
to first generation drugs, some newer generation antiepileptic drugs may
be preferred as they have similar efficacy but lower potential for idiosyn-
cratic reactions and drug interactions. However, more recent antiepileptic
drugs also have limitations, which include lack of superiority and, in some
cases, unbearable adverse effects. In this light, there are no standard crite-
ria as a reference for the selection of the best comparator for new mono-
therapy trials. However, according to the recommendations of evidence-
based guidelines, carbamazepine still represents the first-choice drug for
patients with partial epilepsy. Ethosuximide may be an option for absence
epilepsy. In contrast, for the treatment of patients with other generalised
pileptic Disord, Vol. 14, No. 3, September 2012 235
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epilepsies, there is no clear indication of preferred drug, as valproate, which
has been found to prevail over other compounds, should be withheld in
women of childbearing age due to its teratogenic potential, and there is
insufficient evidence to choose an alternative drug.

Key words: clinical trial, epilepsy, antiepileptic drugs, monotherapy

* Updated following presentation and discussion at the 2011 Progress in Epileptic
Disorders Workshop on “Antiepileptic Drug Trials: will the future challenge the past” held
at the Chateauform’ La Maison des Contes, Dareizé, 69490, France. The workshop was
partly supported by an educational grant from UCB. The program was under the exclu-
sive responsibility of a Scientific Committee composed by Prs. Philippe Ryvlin (France),
Emilio Perucca (Italy), Jackie French (USA), Steve White, (USA) Graeme Sills (UK), and
Alexis Arzimanoglou (France).
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pilepsy is a complex disorder, determined by several
ifferent clinical conditions and characterised by
eterogeneous seizure types, some of which respond

o different drugs (Stein and Kanner, 2009). Approxi-
ately 50% of patients with newly diagnosed epilepsy

chieve seizure remission after initial monotherapy
Kwan and Brodie, 2001). For this reason, the choice
f the first-line drug for the start of treatment is criti-
al. Several first and second generation drugs have
een used in regulatory and pragmatic monotherapy

rials. Second generation antiepileptic drugs represent
n advance in the development of more manage-
ble products and control of adverse drug reactions
f older compounds. However, despite the develop-
ent of several new antiepileptic drugs, the efficacy

nd tolerability of drug treatment of epilepsy has not
ubstantially improved in terms of effectiveness, risk-
enefit, and cost-benefit profile (Beghi et al., 2011).
ore recent antiepileptic drugs are, at best, equiva-

ent in efficacy to their predecessors, but some of
hem are more manageable and better tolerated. This
ackground information should direct the choice of
omparators for new monotherapy trials, which must
e made with reference to a number of variables,
mong which indicate: efficacy, safety and tolerabi-
ity, minimal effective dose, pharmacokinetic profile,
nd ease of use (for treatment of partial or generalised
eizures).

o what extent do available drugs match
he characteristics of the ideal
omparator in monotherapy trials

drug given as initial monotherapy to a patient with
36

ewly diagnosed epilepsy should have unequivo-
al efficacy, tolerability, and safety, documented by
vidence-based reports. The pharmacokinetic profile
hould be optimal. The drug should not interact with
ther compounds and have no substantial impact on
ognitive functions. Daily administration should be

Table 1. Old and new AEDs and the criteria for

Parameter PB PHT CBZ VPA

Efficacy ++ ++ ++ ++

Tolerability & safety + + + +

Optimal PK profile + - + +

No interactions - - - +

No impact on cognition - + + -

Ease of use ++ - ++ ++

Minimal/no teratogenicity + + + -

BZ: carbamazepine; GBP: gabapentin; LEV: levetiracetam; LTG: lamot
PM: topiramate; VGB: vigabatrin; VPA: valproate; ++: parameter fully
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p
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asy and the teratogenic potential should be negligi-
le. In this regard, the available compounds, although
aried, are far from ideal (table 1). First generation
ompounds are effective and safe but not always
ell-tolerated. In addition, a suboptimal pharmaco-
inetic profile is reflected by hepatic metabolism
nd microsomal enzyme induction. In this regard,
harmacokinetic interactions may be present and
ometimes clinically relevant (Johannessen and
andmark, 2010). In addition, all marketed compounds
re teratogenic and there is a documented risk
ncrease with dose and polytherapy (Tomson et al.,
011; Harden et al., 2009). Second and third generation
ompounds are effective and fairly safe, however,
olerability is frequently dose-related. The pharmaco-
inetic profile of new generation drugs is, with some
xceptions, better than that of older compounds,
ut the teratogenic potential is not yet fully
lucidated.

omparative efficacy of antiepileptic drugs

everal first and second generation antiepileptic drugs
ave been compared for efficacy, safety, and tolera-
ility in randomised regulatory and pragmatic trials.
arbamazepine and lamotrigine have been the object
f the majority of the head-to-head comparisons. In
ost instances, no major differences were found in

erms of retention time, time to first seizure, and
chievement of prolonged seizure remission (Beghi
t al., 2011) (table 2). Two large randomised, controlled,
ragmatic trials (the Standard and New Antiepileptic
rugs [SANAD] trials) in newly diagnosed epilepsy
Epileptic Disord, Vol. 14, No. 3, September 2012

an ideal comparator in monotherapy trials.

GBP LEV LTG OXC TPM VGB

+ ++ ++ ++ ++ ++

++ ++ ++ ++ + -

+ ++ ++ + + ++

++ ++ ++ + + ++

++ ++ ++ ++ - ++

+ ++ ++ ++ ++ ++

? ? ++ ? ? ?

rigine; OXC: oxcarbazepine; PB: phenobarbital; PHT: phenytoin;
met; +: parameter partially met; -: parameter unmet.

Marson et al., 2007a; Marson et al., 2007b). In the first
rial (SANAD A), with enrolled children and adults with
artial-onset seizures, lamotrigine was the most effec-

ive drug compared to carbamazepine, oxcarbazepine,
opiramate, and gabapentin (Marson et al., 2007a).
amotrigine was also found to be superior in efficacy
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Table 2. Comparative efficacy of first and second generation antiepileptic drugs as monotherapy
for partial or (ˆ) generalised/unclassified seizures.

Reference Comparator (daily
dose/mg)

HR (95% CI)
or % difference
for time to treatment
withdrawal (*)

HR (95% CI) for time
to first seizure

Marson et al., 2007a GBP (1,200) vs CBZ (600) † 1.21 (0.99-1.48) 0.75 (0.63-0.90)

Brodie et al., 1995 LTG (150) vs CBZ (600) 0.74 (0.41-1.34) 1.45 (0.87-2.43)

Brodie et al., 1995 LTG (150) vs CBZ (600) 0.42 (0.21-0.85) 1.10 (0.69-1.76)

Reunanen et al., 1996 LTG (100) vs CBZ (600) NA 1.37 (0.90-2.09)

Reunanen et al., 1996 LTG (200) vs CBZ (600) NA 1.07 (0.69-1.64)

Brodie et al., 1999 LTG (100) vs CBZ (400)§ 0.31 (0.16-0.60) 0.90 (0.55-1.46)

Nieto-Barrera et al., 2001 LTG (200) vs CBZ (600) + 0.77 (0.49-1.21) 1.19 (0.83-1.71)

Saetre et al., 2007 LTG (93) vs CBZ (373) 0.77 (0.45-1.31) 1.50 (0.94-2.40)

Marson et al., 2007a LTG (150) vs CBZ (600) † 0.78 (0.63-0.97) 0.91 (0.77-1.09)

Marson et al., 2007b LTG (150) vs VPA (1,000) ˆ† 1.25 (0.94-1.68) 0.76 (0.62-0.94)

Brodie et al., 2007 LEV (1,000) vs CBZ (400) 0.2 (-7.8-8.2)* No difference◦

Marson et al., 2007a OXC (900) vs CBZ (600) † 1.04 (0.78-1.39) 0.92 (0.73-1.18)

Privitera et al., 2003 TPM (100/200) vs CBZ
(600)/VPA (1,250)

3.0 (-6.1-12.1) No difference◦

Marson et al., 2007a TPM (150) vs CBZ (600) † 1.22 (0.99-1.49) 0.86 (0.72-1.03)

ˆ†
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Marson et al., 2007b TPM (150) vs VPA (1,000)

Chadwick, 1999 VGB (2,000) vs CBZ (600)

R: hazard ratio; 95% CI: 95% confidence interval; CBZ: carbam
HT: phenytoin; TPM: topiramate; VGB: vigabatrin; VPA: vapr
: measures of risk unavailable.

o pregabalin in a head-to-head monotherapy trial
or the treatment of newly diagnosed epilepsy with
artial seizures in adults (Kwan et al., 2011). In the
econd SANAD trial (SANAD B), with enrolled children
nd adults with primarily generalised or undeter-
ined seizures, valproate was found to be more

ffective than lamotrigine and topiramate (Marson
t al., 2007b). In this latter study, the efficacy of
alproate was even greater in patients with idio-
athic generalised seizures. However, although the
esults of the SANAD studies give some practical
ndications on the first-choice treatment for partial
nd generalised/undetermined seizures, evidence is
till insufficient for lamotrigine and valproate as the
est comparators for monotherapy trials in patients
ith partial or generalised seizures, respectively. In

he SANAD A trial, carbamazepine, if well-tolerated,
pileptic Disord, Vol. 14, No. 3, September 2012

as associated with the highest rates of 12-month
emission (Bonnett et al., 2012). In addition, both
ANAD studies have been criticised (French, 2007;
anayiotopoulos, 2007) to have relevant methodolog-
cal defects, including the enrolment of heteroge-
eous study populations, a suboptimal diagnosis

which favoured broad-spectrum drugs), unpredicted

C
o

A
g
b

1.57 (1.19-2.08) 1.93 (0.76-1.15)

0.83 (0.57-1.20) 1.79 (1.33-2.40)

ine; LEV: levetiracetam; LTG: lamotrigine; OXC: oxcarbazepine;
†: dose for adults; +: most common dose; §: median dose;

itration rates, and the inclusion of compounds with
igh teratogenic potential. As shown in a meta-
nalysis of randomised trials comparing lamotrigine to
arbamazepine (Gamble et al., 2006), the purported
uperiority of lamotrigine might be explained by an
nadequate dose of the comparator and the use of
tandard, rather than slow-release, carbamazepine.
ata on the most effective drug for the treatment
f selected epilepsy syndromes are few and mostly
upported by poorly designed studies (see below).
n a recent randomised monotherapy trial comparing
thosuximide, lamotrigine, and valproate in children
ith absence epilepsy (Glauser et al., 2010), the

reedom-from-failure rates for ethosuximide and val-
roate were similar (53 and 58%, respectively) and were
igher than the rate for lamotrigine (29%).
237

omparative safety and tolerability
f antiepileptic drugs

s the comparative efficacy of first and second
eneration antiepileptic drugs is similar, the tolera-
ility and safety profile of each compound becomes
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f paramount importance to direct the physician’s
hoice. Compared to established compounds, the
afety of several recently approved drugs has been
ested in a limited number of individuals and for a
imited period of time. In this regard, long-term toxicity
nd rare adverse events cannot be documented unless
ufficient time has elapsed following treatment and
he number of exposed individuals has increased to
ritical levels. This information is important in the con-
ext of monotherapy trials because they may involve
arge patient cohorts treated for prolonged periods of
ime. Teratogenicity is also an issue, as there is increas-
ng evidence that even the more recent antiepileptic
rugs have a teratogenic potential (Tomson et al., 2011),
hich is documented only after a number of expo-

ures considered sufficient to detect a two to threefold
isk.
he large SANAD studies provide a valuable example
f the comparative tolerability profiles of carba-
azepine, gabapentin, lamotrigine, oxcarbazepine,

nd topiramate in patients with newly diagnosed
artial epilepsies (Marson et al., 2007a) and those
f valproate, lamotrigine, and topiramate in patients
ith newly diagnosed generalised and unclassifiable
pilepsies (Marson et al., 2007b). The overall incidence
f adverse events with these drugs and the incidence
f selected complaints (drowsiness, rash, memory

mpairment, vertigo, behaviour abnormalities, and
taxia), as reported in the SANAD studies, is illustrated
n table 3. In this regard, the proportion of cases report-
ng adverse events is fairly similar but differences can
e found when specific events are considered. In
38

eneral, lamotrigine carried the lowest adverse event
ates and topiramate the highest rates. However, 15%
f patients with partial epilepsy and 12% of those
ith generalised/unclassifiable epilepsy receiving

amotrigine reported rash. Drowsiness peaked with
arbamazepine, valproate, and topiramate (33-36%)

e

T
t
t
e

Table 3. Selected adverse even

Drug Total Drowsy Rash
n (%) n (%) n (%)

CBZ* 183 (48) 48 (36) 38 (32)

GBP* 178 (47) 46 (34) 13 (4)

LTG* 169 (45) 31 (17) 17 (15)

OXC* 100 (48) 22 (16) 20 (16)

TPM* 200 (53) 43 (33) 17 (8)

LTG** 88 (37) 15 (9) 13 (12)

TPM** 107 (45) 25 (20) 1 (1)

VPA** 85 (36) 18 (12) 2 (0)

BZ: carbamazepine; GBP: gabapentin; LTG: lamotrigine; OXC: oxcarb
*Marson et al., 2007b.
n patients with partial epilepsy and with topiramate
20%) in those with generalised/unclassifiable epilepsy.
arbamazepine carried the highest risk of rash

32%), gabapentin and topiramate the highest risk of
emory complaints (19%), and gabapentin the highest

isk of ataxia (12%). In the same studies, the propor-
ion of patients with partial epilepsy discontinuing
reatment for adverse events ranged from 7.9% with
amotrigine to 18.0% with topiramate (table 4). Treat-

ent discontinuation for adverse events in patients
ith generalised/unclassifiable epilepsy ranged from

.8% (lamotrigine) to 9.6% (topiramate). Levetiracetam,
hich was not used in the SANAD studies, was com-
ared to controlled-release carbamazepine in a recent
andomised trial (Brodie et al., 2007) which showed
dentical time to withdrawal and similar tolerability
rofile, except for depression and insomnia, which
ere most prevalent with levetiracetam (relative risk

95% confidence interval]: 3.06 [1.23-7.61] and 2.48
1.04-5.89], respectively).
n the comparative monotherapy trial on children with
bsence epilepsy, ethosuximide was discontinued due
o adverse events in 24% of cases, lamotrigine in 17%,
nd valproate in 24% (Glauser et al., 2010) (table 5).
eurological, behavioural, and psychological adverse
vents were predominant with valproate (57%), diges-
ive symptoms with ethosuximide (24%), rash with
amotrigine (20%), and fatigue with valproate (14%).

uidelines for the use of monotherapy
n the treatment of newly diagnosed
Epileptic Disord, Vol. 14, No. 3, September 2012

pilepsy

o translate the available evidence into recommenda-
ions for the use of monotherapy in clinical practice,
he International League Against Epilepsy (ILAE) issued
vidence-based guidelines focusing on the efficacy of

ts in the SANAD studies.

Memory Vertigo Ataxia
n (%) n (%) n (%)

20 (12) 14 (10) 9 (6)

22 (19) 23 (15) 24 (12)

13 (10) 15 (9) 14 (9)

13 (8) 13 (12) 8 (6)

26 (19) 15 (8) 9 (3)

2 (2) 6 (4) 4 (3)

12 (10) 20 (18) 3 (2)

3 (0) 4 (4) 2 (2)

azepine; TPM: topiramate; VPA: valproate; *Marson et al., 2007a;
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Table 4. Unacceptable adverse events
in the SANAD studies.

Drug No.
cases/exposed
(%)

Mean daily
dose (SD)

Min/Max

CBZ* 50/37 (13.2) 546 (189) 200-1,000

GBP* 35/377 (9.9) 1,366 (636) 400-3,000

LTG* 30/378 (7.9) 178 (113) 25-550

TPM* 68/378 (18.0) 137 (77) 25-400

OXC* 29/210 (13.8) 895 (351) 300-2,100

LTG** 9/239 (3.8) 119 (99) 25-300

TPM** 23/239 (9.6) 172 (110) 50-500

VPA** 13/238 (5.5) 838 (240) 500-1,200

CBZ: carbamazepine; GBP: gabapentin; LTG: lamotrigine; OXC:
oxcarbazepine; TPM: topiramate; VPA: valproate; *Marson et al.,
2007a; **Marson et al., 2007b.

Table 5. Adverse events leading to discontinuation
of drugs administered for absence epilepsy.

Event ESM LTG VPA
n (%) n (%) n (%)

Total 37/154 (24) 25/146 (17) 35/146 (24)

Neurological
Behavioural
Psychological

12/37 (32) 9/25 (36) 20/35 (57)

Digestive 9/37 (24) 3/25 (12) 6/35 (17)
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drug choice for a patient with newly diagnosed or
untreated epilepsy should consider a number of
variables, including: efficacy, safety and tolerability
profile, pharmacokinetic properties, formulations, and
cost.
When comparing the ILAE guidelines for the use
of monotherapy in newly diagnosed patients to
other evidence-based guidelines issued in the United
Kingdom and in the United States, the recommen-
dations were barely consistent, with the excep-
tion of carbamazepine (table 6). The UK National
Institute for Clinical Excellence (2004) recommends the
preferential use of older agents. Newer antiepileptic
drugs, within their licensed indications, are recom-
mended for the management of epilepsy in people
who have not benefited from treatment with the older
antiepileptic drugs, such as carbamazepine or val-
proate, or for whom the older antiepileptic drugs are
unsuitable because: there are contraindications to the
drugs, possible interaction with other drugs, they are
already known to be poorly tolerated, or the person
is a woman of childbearing potential. The Scottish
Intercollegiate Guidelines and Network (2005) identi-
fies specifically carbamazepine, valproate, lamotrigine,
and oxcarbazepine as first-line agents. The side effect
and interaction profiles should direct the choice of
drug for the individual patient. In contrast, the US
panelists recommend patients with newly diagnosed
and previously untreated epilepsy to be treated with
an older drug or with a new drug among lamotrigine,
gabapentin, oxcarbazepine, or topiramate, depend-
ing on individual patient characteristics (French et al.,
2004). In this light, except for carbamazepine for the

Table 6. Antiepileptic drugs recommended
as first-line treatment for partial seizures.

AAN* NICE† SIGN‡ ILAE§

Carbamazepine Yes Yes Yes Yes (level A)

Gabapentin Yes - - Yes (level C)

Lamotrigine Yes Yes Yes Yes (level C)

Levetiracetam - - - -

Oxcarbazepine Yes Yes Yes Yes (level C)

Phenobarbital Yes - - Yes (level C)

Phenytoin Yes - Yes Yes (level A)

Topiramate Yes Yes - Yes (level C)

Valproate Yes Yes Yes Yes (level B)
Rash 6/37 (16) 5/25 (20) 2/35 (6)

Fatigue 3/37 (8) 2/25 (8) 5/35 (14)

Headache 3/37 (8) 2/25 (8) 2/35 (6)

SM: ethosuximide; LTG: lamotrigine; VPA: valproate. Source:
lauser et al., 2010.

ntiepileptic drugs given as monotherapy in patients
ith newly diagnosed or previously untreated epilepsy

Glauser et al., 2006). In a critical appraisal of 50 ran-
omised clinical trials and seven meta-analyses, the
ost effective drugs for the treatment of partial-

nset seizures were carbamazepine and phenytoin
n adults, oxcarbazepine in children, and gabapentin
nd lamotrigine in the elderly. In contrast, no high-
uality trials were available to identify the first-choice
rug for adults with generalised tonic-clonic seizures
nd for patients with benign childhood epilepsy with
pileptic Disord, Vol. 14, No. 3, September 2012 239

entro-temporal spikes or juvenile myoclonic epilepsy.
he authors concluded that, based on the paucity
f well-designed and properly conducted trials and

he absence of rigorous comprehensive adverse effect
ata, it was impossible to develop evidence-based
uidelines aimed at recommending a drug for initial
onotherapy. In keeping with the ILAE, the ultimate

Level A: drug established as efficacious or effective as initial
monotherapy; level B: drug probably efficacious or effective as
initial monotherapy; level C: drug possibly efficacious or effec-
tive as initial monotherapy. Source: Perucca and Tomson, 2011.
*: American Academy of Neurology; †: National Institute for
Clinical Excellence; ‡: Scottish Intercollegiate Guidelines
Network; §: International League Against Epilepsy.
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reatment of partial seizures, there are no standard
ecommendations for the selection of the best com-
arator for new monotherapy trials.

rug daily dose

he decision to use a classic (first generation) or
newer antiepileptic drug as comparator in a ran-

omised monotherapy trial should be considered,
mong others, in light of the target dose with the best
isk: benefit profile. Several reports have unequivo-
ally documented that successful seizure control in
pilepsy can be obtained with low drug daily doses
Dogan et al., 2008; Brodie et al., 2007; Brodie et al., 2002;
wan and Brodie, 2001). In these instances, the proba-
ility of drug-related adverse events is minimised, even

or first generation drugs with suboptimal tolerability
rofile.

onclusions

hen comparing the recommendations of evidence-
ased guidelines (see table 6), carbamazepine still
epresents the first-choice drug for patients with par-
ial epilepsy. Ethosuximide might be an option for
bsence epilepsy based on the results of a single
ell-designed comparative trial. In contrast, for the

reatment of patients with other generalised epilep-
ies, there is no clear indication of preferred drug, as
alproate, which has been found to prevail over other
ompounds, should be withheld due to its teratogenic
otential, and there is insufficient evidence to choose
n alternative drug. �
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