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Novel trial designs
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ABSTRACT – Unlike many other areas of therapeutics, specific regula-
tory trial programmes are required to be undertaken in newly diagnosed
epilepsy to support the licensing of novel antiepileptic drugs for use in
drug-naïve patients. To complicate matters further, American and Euro-
pean regulators have taken markedly different approaches to this issue,
with the FDA requiring withdrawal to monotherapy data comparing more
than one dose of newer agents with historical controls, whereas the EMA
recommends undertaking randomised head-to-head studies versus an
established comparator. The former studies are designed to show superi-
ority compared to previously published data, whereas the latter will accept
a non-inferiority (equivalence) outcome. This paper discusses the positive
and negative aspects of both designs and explores novel alternative options.
Particular focus has been placed on placebo-controlled studies following a

encephalographic and/or brain imag-
ing a realistic design that will satisfy
the Atlantic Ocean.

psy, clinical trials, historical controls,

2010). The US regulators support a
withdrawal to monotherapy design
with efficacy being measured by the
proportion of patients meeting pre-
single seizure with supportive electro
ing evidence, in the hope of identify
licensing authorities on both sides of
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Over the years, there has been
much discussion among Euro-
pean and American investigators
and regulators regarding the best
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designs suitable for the granting
of a monotherapy license for an
antiepileptic drug (AED) that has
previously been approved for use
as adjunctive treatment in drug-
resistant epilepsy (Porter et al.,

defined escape criteria for seizure
worsening compared with aggre-
gated pseudoplacebo control data
from eight previously conducted
conversion-to-monotherapy trials
(French et al., 2010). The European

* Updated following presentation and discussion at the 2011 Progress in Epileptic Dis-
orders Workshop on “Antiepileptic Drug Trials: will the future challenge the past” held
at the Chaeauform’ 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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edicines Agency prefers an active control design
n patients with newly diagnosed epilepsy with a six-

onth, seizure-free primary endpoint and 12 months
afety data on both drugs (Committee for Medicinal
roducts, 2011). They accept a non-inferiority (equiva-

ence) outcome. Can we do better and find a novel
esign that satisfies all interested parties?

atterns of response

monotherapy license for an AED permits its use as
rst choice in newly diagnosed epilepsy. Arguably,

t should be tested for that indication in the patient
opulation for whom it will be prescribed. Patterns
f drug response in adolescents and adults have
een clearly delineated with around 60% of patients
oing into remission either immediately or after a
hort delay (Brodie et al., 2012). Around 90% of these
atients, 50% of the complete population, will become
eizure-free on their first AED, often on a modest or
oderate dose (Kwan and Brodie, 2001). In around

5% of patients, the epilepsy will never come under
ontrol for a full year despite treatment with a range
f AEDs prescribed singly or in combination. The
emainder display fluctuations between periods of
eizure freedom and relapse (Schiller, 2009; Callaghan
t al., 2011; Neligan et al., 2011; Brodie et al., 2012).
hese patterns of response leave little leeway for iden-
ifying clinically relevant differences between AEDs in
andomised head-to-head studies in this setting.

ithdrawal to monotherapy

he US Food and Drug Administration (FDA) does
ot accept equivalence as an appropriate end-point
ecause of concerns regarding the “assay sensitivity”
f the response with the established comparator in
ewly diagnosed epilepsy, which could result in the

nterpretation that both drugs were ineffective (Porter
t al., 2010). Over the years, the alternative design of
ithdrawal to monotherapy in patients not seizure-

ree on one or two AEDs was developed (Perucca,
010). Because placebo could not ethically be used in
his setting, the comparator was traditionally a (sub-
ptimal) low dose of an established AED (Perucca,
010). This design came under increasing criticism
rom the epilepsy community, largely because ran-
omising patients with active epilepsy to a deliberately
pileptic Disord, Vol. 14, No. 2, June 2012

uboptimal treatment was increasingly regarded as
thically questionable (Chadwick and Privitera, 1999;
erucca and Tomson, 1999). Accordingly the FDA has
ow moved to accept the results of previous studies
s “historical controls”, with which to compare data
rom AEDs undergoing a withdrawal-to-monotherapy
rocess in patients established but not seizure-free on

A
s
p
2
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single AED (French et al., 2010). The first study with
amotrigine XR has recently been completed (French
t al., 2012), with this controlled-released formulation
f the drug subsequently being granted a mono-

herapy license in the US (Food and Drug
dministration , 2011).
have some problems with this design. Firstly, the

rial drug will not have been shown to be effective
nd well-tolerated in patients with newly diagnosed
pilepsy for whom it will be licensed. Eligible patients
or the lamotrigine XR withdrawal to monotherapy
tudy experienced >4 partial seizures during an eight-
eek baseline on a stable monotherapy regimen with
non-inducing AED. Two lamotrigine doses (250 mg

nd 300 mg) were included because of the requirement
rom the FDA that the study be blinded (French JA, per-
onal communication). The assumption, presumably,
s that there will be no important differences in effi-
acy between the lower and higher doses to maintain
quipoise. In this study, both doses of lamotrigine XR
uccessfully dipped below the 95% prediction limit for
ithdrawal (65.3%) of the combined historical control
ata with no overlapping by the upper confidence limit
f either dose.
he escape criteria for this study included doubling
f average monthly seizure rate, doubling of highest
onsecutive two-day seizure rate, emergence of new
ore severe seizures and clinically relevant prolonga-

ion of generalised tonic-clonic seizures (French et al.,
012). Adverse events were reported in 53 and 61% of
atients randomised to lamotrigine XR at 300 mg/day
nd 250 mg/day, respectively. Overall, 25 (22.3%) and
4 (21.6%) patients “escaped” from the 250 mg and
00 mg doses, respectively. No important differences in
utcome, perhaps not surprisingly, were documented
etween these doses. This may not be the case with
ider dosage differences in other studies. Thus, a

uccessful study depends on the number of patients
eporting worsening seizure control on attempting to
ransfer onto the newer agent. One is also left to pon-
er how an appropriate dosing schedule for each drug
uccessfully traversing this challenge can be identified
sing this design for newly diagnosed epilepsy and
hat sort of licence can reasonably be awarded that

s relevant to its use in a markedly different patient
opulation.

ctive control trials
133

range of randomised, double-blind comparative
tudies have been undertaken in Europe over the
ast 20 years (Kwan and Brodie, 2003; Brodie et al.,
007; Kwan et al., 2011; Baulac et al., 2012), which
ave resulted in the licensing (to date) of lamotri-
ine, oxcarbazepine, topiramate, levetiracetam, and in
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ome countries gabapentin, as first-line monotherapy
n newly diagnosed focal epilepsy with or without
econdary generalisation. The design of these trials
as slowly evolved over the years with the European
egulators now requesting data on six months’ seizure
reedom as the primary endpoint with comparative
olerability and safety data collected for at least a year
n both drugs (Brodie et al., 2007). All recruited patients
ill have had the opportunity of control or failure with

hree doses of either drug. The vast majority of patients
n these trials, who became seizure-free, did so at the
owest randomised dose (500 mg twice daily for leve-
iracetam, 150 mg twice daily for zonisamide versus
ontrolled-release carbamazepine 200 mg twice daily
nd 300 mg twice daily, respectively; Brodie et al., 2007,
aulac et al., 2012). This design, therefore, requires

ime for all patients to have an appropriate trial of all
hree doses if necessary and, therefore, needs accurate

atching of dosing of the new drug with the com-
arator. In the recently published pregabalin versus

amotrigine trial, neither of these goals was achieved
nd hence the data statistically favoured the estab-
ished drug, particularly for secondary generalised
eizures (Kwan et al., 2011).
he rationale for the above design is the expectation
f non-inferiority between the drugs in this clinical
etting and, therefore, the acceptance of equiva-
ence as a suitable clinical endpoint. The specific
equirements for equivalence has been discussed in
n International League against Epilepsy guideline
ith the relative lower limit for non-inferiority being

et at 20% between the new agent and the established
omparator (Glauser et al., 2006). Following seizure-
ree patients for at least a year provides clinically
seful safety information in the setting of often mild
pilepsy, comparing the side-effect profile of the
ew AED as monotherapy with a year’s treatment
n the established agent. These data are relevant to

he everyday use of the newer drug in the patient
opulation for whom the license is being sought.

ew designs

an we develop a novel strategy that would satisfy
nvestigators and regulators on both sides of the

onotherapy design? We should surely be studying
ew AEDs in the setting for which the licence is
eing sought, i.e. monotherapy in newly diagnosed
34

pilepsy. How can we increase the likelihood of
emonstrating superiority in efficacy or effectiveness
ver the standard comparator, usually controlled-
elease carbamazepine? What endpoints do we need
o support acceptable tolerability and safety for the
ew agent in this clinical setting? One possible way
f refining the head-to-head monotherapy design

s
r
c
T
s
(
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s to explore pre-treatment seizure numbers as a
ossible variation in the inclusion criteria for the
tudy. The likelihood of an optimal outcome in newly
iagnosed epilepsy deteriorates with increasing
re-treatment seizure numbers (Macdonald et al.,
000; Kwan and Brodie, 2000; Leschziner et al., 2006)
nd, in particular, seizure density within the last 3, 6
nd 12 months prior to starting a first AED (Mohanraj
nd Brodie, 2006). This observation was confirmed in
he recent head-to-head study between levetiracetam
nd controlled-release carbamazepine where overall
utcome was better (p<0.001) in patients reporting

wo or fewer seizures in the three months before
tarting treatment (levetiracetam/controlled-release
arbamazepine: 82/80% seizure-free) compared to
hose experiencing three seizures or more over the
ame time period (levetiracetam/controlled-release
arbamazepine: 64/63% seizure-free) (Brodie et al.,
007). Perhaps confining recruitment to patients
ith more active epilepsy will improve the chance of
nding difference in efficacy or effectiveness between

he drugs in this patient population?
ver the last decade, no drug has been tested

r licensed as monotherapy for newly diagnosed
diopathic generalised epilepsy. Arguably, sodium val-
roate remains the drug of choice for this range of
pilepsy syndromes (Marson et al., 2005). Concerns
egarding valproate’s teratogenic potential (Tomson
t al., 2011) and its association with impaired cog-
itive development in infants exposed to the drug

n utero (Meador et al., 2009) makes it important
o identify a suitable and cost-effective alternative
or this indication in young women. One possible
esign would be a placebo-controlled trial in patients
eporting their first generalised tonic-clonic seizure,
ho had a surface electroencephalogram (EEG) con-

istent with the diagnosis of idiopathic generalised
pilepsy. This fulfils the definition of epilepsy sug-
ested by Fisher and colleagues as “a disorder of brain
haracterised by an enduring disposition to generate
pileptic seizures and by the neurobiologic, cognitive,
sychological and social consequences of this condi-

ion” (Fisher et al., 2005). The definition requires the
ccurrence of at least one epileptic seizure with an
pileptiform EEG, abnormal brain magnetic resonance

maging (MRI), pre-existing neurological disorder or
ocal deficit appropriate to the seizure semiology.
hus, the same design could be applied to patients
ith focal epilepsy and a neurological or anatomical
Epileptic Disord, Vol. 14, No. 2, June 2012

ubstrate relevant to their seizure semiology. Again,
andomising such patients following their first seizure
ould be regarded as ethically justifiable.
he equipoise for this design is supplied by the MESS
tudy in which 1,443 patients with a single seizure
56%), or in whom the diagnosis of epilepsy was
n doubt (44%), were randomised to immediate or
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PRIMARY OUTCOME

igure 1. Suggested design for randomised trial in newly diagno
TCS: generalised tonic-clonic seizure; EEG: electroencephalogr

eferred treatment (Marson et al., 2005). After three
nd five years of follow-up, outcomes were almost
dentical with 74 and 76% in the immediate and 71 and
7% in the deferred treatment groups achieving two
ears’ remission. Fewer patients died in the deferred
23 deaths, 2 SUDEP) compared with the immediate
31 deaths, 4 SUDEP) treatment groups. Support for
his strategy also comes from the Italian FIRST study
Musicco et al., 1997). Their recent analysis showed
o difference in the probability of achieving five-year
emission whether or not treatment was begun after
he first unprovoked primary or secondary generalised
onic-clonic seizure (Leone et al., 2006). The primary
ndpoint for this design would be time to next seizure

n patients randomised to a range of doses of the active
rug or matched placebo (figure 1). Patients declining

o take part, whether they decide to start treatment or
ot, could also be followed in the long-term, in parallel
ith those randomised in the studies.

n 2002, my colleagues and I reported a double-
lind, flexible dosing study comparing remacemide
ydrochloride to carbamazepine in patients with
ewly diagnosed partial and/or tonic-clonic seizures
sing a sequential design known as the double triangu-
pileptic Disord, Vol. 14, No. 2, June 2012

ar test (Whitehead and Todd, 2004), which allowed the
rial to be stopped as soon as the collected data were
ufficient to draw a reliable conclusion (Whitehead,
001). At the second planned interim analysis, car-
amazepine was found to be more efficacious than
emacemide (figure 2). The primary endpoint was
aken as time to first seizure following the initial six-
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 TO NEXT SEIZURE 

diopathic generalised epilepsy.

eek titration phase. The study had 90% power to
how superior efficacy of remacemide if the 54-week,
eizure-free probability improved from 0.5 on carba-
azepine to 0.6 on remacemide. Interim analyses were

lanned at 48 weeks, and then every 12 weeks there-
fter. At each of these, a monitoring board comprising
wo clinicians and a statistician reviewed unblinded
ata concerning efficacy and safety. At the second

nterim analysis, 449 patients had been recruited, com-
ared to the 1,000 that would have been needed for a
xed sample study of the same power. The evidence in

avour of carbamazepine was sufficient to stop the trial.
n analysis that allowed for its sequential nature found

he treatment difference to be statistically significant
2-sided p=0.003). Overall, 50% of patients randomised
o carbamazepine survived to 54 weeks, as predicted,
ompared with just 32% on remacemide. This study
stablished carbamazepine as an ideal comparator for
uture active control comparisons in newly diagnosed
pilepsy. Further refinement of this design is possible
Sooriyarachchi and Whitehead, 1998). This method-
logy can be simulated with real data sets for compari-
on with alternative approaches to explore the optimal
onditions necessary for a successful study in patients
ith newly diagnosed epilepsy in whom a decision has
een made to start treatment. Arguably, too, this would
135

e the most efficient design for testing a new drug ver-
us placebo or an established comparator in patients
ith a single partial-onset or generalised seizure and a

uitable abnormal EEG, brain MRI and/or appropriate
eurological substrate.
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igure 2. Double triangular sequential design and differences in
he trial was stopped six weeks after randomisation for the two t
: logrank statistic expressing the advantage of remacemide ove
nalyses (taken from Brodie et al., 2002).

onclusions: Quo vadis?

here do we go from here? The historical con-
rol withdrawal to monotherapy design has been
ccepted by the FDA and already one drug, lamo-
rigine XR, has been licensed as monotherapy in
he US. Further studies with pregabalin, lacosamide
nd eslicarbazepine acetate are ongoing. The Euro-
ean design, as published for levetiracetam versus
ontrolled-release carbamazepine (Brodie et al., 2007),
as arguably been “validated” by the “negative” pre-
abalin versus lamotrigine (Kwan et al., 2011) and the
positive” zonisamide versus controlled-release car-
amazepine (Baulac et al., 2012) studies. Ongoing trials
ith lacosamide and eslicarbazepine acetate versus

ontrolled-release carbamazepine follow a protocol
imilar to the design that resulted in the licensing of
evetiracetam for newly diagnosed localisation-related
pilepsy (Brodie et al., 2007). We also need to work on
design that provides a licensed alternative to sodium
alproate for the idiopathic generalised epilepsies.
his could be accomplished by randomising patients
ollowing a single tonic-clonic seizure with a support-
36

ve EEG to placebo or active treatment. This template
ould also be applied to patients with focal epilepsy
ollowing their first seizure who have an underlying
eurological disorder or an appropriate abnormality
n brain imaging.
an we all agree on a version of the sequential analy-

is paradigm in newly diagnosed partial seizures with

B
H
o
n

B
t
N

to first seizure.
ents because the second point was below the lower boundary.

bamazepine; V: null variance of Z; X: values (V, Z) at the interim

r without secondary generalisation and go forward
n harmony? I doubt it! Together, these geographi-
ally, scientifically and clinically different concepts
nd designs provide complementary data on efficacy
nd safety. New AEDs are currently being tested and
icensed as monotherapy in the US and Europe. Per-
aps the job is done? �
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