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Antiepileptic drug trials:
the view from the clinic*

Edward Faught
Emory University, Atlanta, Georgia, USA

ABSTRACT – A golden age of antiepileptic drug development has yielded
over a dozen useful new compounds, but the nature of clinical trials has
made translation to practical use in the clinic difficult. Most clinical tri-
als are designed for regulatory purposes and fail to answer critical clinical
questions. These questions include: which drug is best as initial therapy,
which drugs work as monotherapy, what are good drug combinations, what
is the best starting dose and titration schedule, what is a reasonable tar-
get dose, what is the shape of the dose-response curve and does it vary
significantly between patients, what is the true incidence of side effects,
and what is the long-term efficacy of the drug? Most of these questions
could be answered by changing trial designs, but many changes would
entail additional time and money. There are encouraging signs that trials
with procedures more directly applicable to the clinic are becoming com-
mon. These include direct comparative trials, longer trials with emphasis on
seizure freedom, and trials with more flexible dosing schedules. In the past,
funding of longer and more naturalistic trials has fallen to government agen-
cies, but commercial funding has been obtained for several recent studies.
Better quality control, innovative endpoints, structured searching for side

llection are also promising topics for

iepileptic drug, trial design

questions are developing. Never-
theless, there is a growing sense
of lost momentum as the years
pass without a true breakthrough
effects, and standardisation of data co
development.
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The past quarter-century has been
a productive era for the devel-
opment of antiepileptic therapies.
Randomised controlled clinical tri-
d
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als have yielded over a dozen new
drugs, many with attractive charac-
teristics. There are new compara-
tive data, and innovative collabo-
rations for answering key clinical

drug for refractory epilepsy. Bene-
fits of adjunctive new drugs over
adjunctive placebo are, for the
most part, modest (Beyenburg et al.,
2010).

* 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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here is also a feeling that somehow our past clini-
al trial designs have failed us and our patients. We
till have many unanswered questions about cur-
ent drugs. This paper will not include discussions
f the historical evolution of trial design, of why the
ew drugs have not proven more efficacious than

he old drugs, or what should be done differently
uring preclinical development; these issues are dis-
ussed extensively elsewhere in this edition (by Emilio
erucca) and in a recent review (Löscher and Schmidt,
011). I shall focus on the difficulties of translating clini-
al trial data into everyday practice, by posing common
linical questions and asking to what extent they have
een addressed by clinical trials, followed by sugges-

ions for improvement.

ajor issues in clinical trials
f antiepileptic drugs

arly clinical trials of a new drug are designed to answer
uestions necessary for regulatory approval. Internal
alidity is of paramount importance; there is a tacit
onsensus that at this juncture questions of compari-
ons to other drugs, dosing, patient selection, and
ong-term efficacy can be deferred. However, clini-
ians face such questions every day. This is the gap
hich must be bridged.
he major problems with translating trial data to clini-
al practice have been aptly summarised (Marson and

illiamson, 2009):
Research populations are not representative of
atients encountered in clinical practice (i.e. external
alidity is questionable);
Efficacy outcomes used in trials are not relevant to
atient goals (i.e. minor reductions in seizure fre-
uency may be statistically but not clinically signifi-
ant);
Dosing in clinical trials is inflexible; with typically

apid titrations to fixed doses;
Trials are too short to predict long-term drug efficacy;
Trial data do not help when choices between drugs
ust be made, because most studies compare the

xperimental drug to placebo, not to another drug;
A sixth issue may be added: tolerability surveillance.
linical trial methodology has not been optimal for
arly detection of side effects.

esearch populations vs clinical
opulations
pileptic Disord, Vol. 14, No. 2, June 2012

o what extent are the subjects in a clinical trial simi-
ar to the universe of patients with epilepsy seen in

clinical practice? They are not very similar because
ost trials enrol adults with very refractory and very
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requent partial-onset seizures, sometimes the same
ndividuals trial after trial. This improves the internal
alidity of the study at the expense of external validity.
s a corollary, trial results are not necessarily predic-

ive of efficacy, and especially of tolerability, in patients
ith less severe or less frequent seizures.
n the other hand, study patients are dissimilar to one

nother because they are entered on a whole array of
aseline medications, and with a wide variety of aetio-

ogies, probably extending down to the molecular
evel. This makes it difficult to identify subgroups of
atients who may respond much better or much worse

o a particular drug. This roadblock may have to await
dvances in pharmacogenetics.

hildren

aediatric neurologists have clamoured for years for
arlier data. The main data needed to treat chil-
ren are pharmacokinetic, toxicological, and dosing

nformation, not efficacy. Alexis Arzimanoglou, in this
orkshop, suggests obtaining this information from
ilot studies in children with severe childhood epilep-
ies, such as the epileptic encephalopathies. However,
s he suggested, there is an easier way to address this
roblem.
he lower age limit for inclusion in clinical trials of
ew AEDs for partial-onset seizure, which translates
irectly to labelling recommendations, is biologically
rbitrary and in any case is difficult to remember since
t varies for each new drug.
here is no good scientific reason to exclude chil-
ren above some pharmacokinetically appropriate
ge, which might be 2-6 years of age for most drugs
ather than 12 or 18. Above this age, the aetiologies
nd clinical manifestations of partial-onset seizures do
ot differ much from those for adults. The hurdles are
ore related to caution on the part of sponsors and

egulatory agencies, who are concerned about pro-
ecting children. However, there are now guidelines
rom the Pediatric Research Equity Act to aid the exten-
ion of drug development to paediatric populations
Garofalo, 2006). On the other hand, clinicians need
ewer clinical trial data on efficacy in children: it is a
aste of resources to do efficacy trials in older children
ith partial-onset seizures since results can be extra-
olated from those in adults. This statement does not
pply to syndromes which are seen only in children,
or which clinical trial data are needed.
115

lder adults

e need more data on older adults, especially
olerability and dosing information. The Veterans’
dministration Cooperative Study of seizures in the
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lderly (Rowan et al., 2005) provided class I data
hat lamotrigine and gabapentin are better tolerated
han carbamazepine in older adults, but neither have
ecome standard for this purpose. A comparable study
f some of the newer drugs is needed, which should

nclude levetiracetam and others.

ersons with infrequent seizures

ot all persons with refractory epilepsy have frequent
eizures. Patients with established epilepsy but with
eizure frequency too low to qualify for short-term
rials constitute a neglected population, but are quite
ommon. A “time to the nth seizure” design is more
ppropriate for this group (Ben-Menachem et al., 2010).
his could be a difficult and lengthy undertaking, but
art of the statistical difficulty can be overcome by util-

sing analysis of each individual’s degree of seizure
lustering (Hopkins et al., 1985) (i.e. not assuming a
oisson distribution of seizures over time) and by
aking into account individual baseline seizure fre-
uencies (Cowling et al., 2007). The particular method

or doing this can vary, but should be based on the
ndividual patient’s baseline seizure pattern. Mattson
1997) and others have suggested using time to the
nth” seizure as an endpoint, where “n” is the patient’s
verage monthly seizure frequency during a baseline
French, 2001). One month may be a usable epoch for
atients with frequent seizures but would preclude

nclusion of those with rarer events.
ere is a radical, though not novel (Gilliam, 2003),

dea: negotiate an individual study endpoint with each
atient. Some patients may be willing to declare a study
failure if they have a third complex partial seizure,

ome may insist on stopping the study if they have
single convulsion. After all, this is what we do as

linicians; we decide, in consultation with the patient,
hen a treatment is a success or a failure. The endpoint
ould need to be determined in advance, not retro-

pectively. In any event, some kind of “patient-centred
utcome criteria” might allow inclusion of patients
ith a broader range of temporal seizure patterns.
his, of course, would create difficulties for statisti-
ians.

nclusion of clinicians in trial design

linical investigators, most of whom are practic-
ng clinicians, are now virtually excluded from the
arly design phase. Investigators’ meetings were once
pportunities for thoughtful discussion of trial design
16

ith an expectation that suggestions would be consi-
ered and trials modified by mutual agreement with

he sponsor. These meetings now entail little more
han recitation of a predetermined and pre-packaged
rial plan; investigators can either take it or leave it.
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linicians provide valuable perspective which should
ot be ignored. Investigators also complain of the

nterposition of clinical research organisations which
ave little knowledge of epilepsy.

eliability

re the trial data trustworthy? Physicians still, for the
ost part, believe that they are. However, some dis-

uiet is discernable among clinical investigators. The
nswer hinges on the reputation of the sponsor and
he investigators. Clinical trials were once the exclusive
omain of a few academic investigators in developed
ountries, but the trend has been toward enlisting
arge numbers of investigators all over the world. With

ore drugs available in developed countries, it has
ecome harder and harder for experienced investiga-

ors to enroll patients. This has the desirable effects
f increasing the diversity of the study populations
nd providing earlier access to new drugs in under-
erved areas. However, it brings with it questions
egarding data compatibility, as stratifications of results
rom different geographical areas make clear. It is also
isturbing that placebo response rates have risen grad-
ally in recent years: it is unlikely that we are producing
ore convincing placebos. The effect of these prob-

ems has not been to produce false positives; that
s, to bring forth drugs which are not really effec-
ive. Rather, it is probably producing false negatives:
ffective drugs may be discarded because the noise

n the clinical trials precludes demonstrating statistical
fficacy.
t has been suggested that one factor in this phe-
omenon is the greater expectation or greater impact
f the doctor/patient relationship among patients
hose medical care was inadequate before the clini-

al trial. However, this should have increased the
esponse to active drug as well as placebo, which has
ot occurred. Furthermore, there is a poor correlation
etween development of a country and the quality of

rial data: excellent data may come from poor countries
nd vice versa. As Krause discusses in this volume, in
rder of importance, the factors predicting trial quality
re: proper subject selection, investigator character-
stics, country, and geographical area. It is critical for
ponsors to select investigators carefully and for mon-
tors who are knowledgeable to examine procedures
losely during the trial.

ndpoints: measurable vs meaningful
Epileptic Disord, Vol. 14, No. 2, June 2012

tandard endpoints for placebo-controlled trials of
djunctive therapy are median percent seizure reduc-
ion from baseline or responder rate; patients with
eizure frequency halved from baseline. Neither are
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f much importance to patients or to their quality
f life (Ben-Menachem et al., 2010). Overwhelmingly,
atients want to be seizure-free. This is not a prac-

ical endpoint for early trials in refractory patients,
ut it must be borne in mind as experience with a
rug accumulates. Although few refractory patients
ill become seizure-free in these trials, the trial report

hould include the percentage of seizure-free patients
nd the period of time of seizure freedom. Time to
emission, for a meaningful period such as a year,
hould also be reported for patients continuing on
herapy.
n the absence of seizure-freedom, how much reduc-
ion in seizure frequency is meaningful? There are
hree points of view: patient, commercial, and regula-
ory. From the patient’s perspective, this is an individual
ubjective question conditioned by the expectations
nd previous experiences with drugs. At the study pop-
lation level, it tends to be a commercial question: how
oes the drug stack up compared to other available
gents, considering also its side effect profile? ILAE
uidelines (Glauser et al., 2006) establish a 20% reduc-
ion in median seizure frequency above placebo as
he minimum to be considered clinically significant.
erhaps not coincidentally, this is the approximate
hreshold at which developers have historically (since
bout 1993) made a go/no-go decision on commer-
ialisation for new adjunctive agents for refractory
artial-onset seizure. However, it seems unlikely that

his degree of improvement is experienced as a better
uality of life for many patients. Finally, and this may
e surprising to clinicians, the lowest bar of all, at least

heoretically, is regulatory; there actually is no lower
imit of efficacy below which a drug is ineligible for
pproval, so long as it shows statistical efficacy in the
linical trials.
or monotherapy of new-onset seizures, the typical
ndpoint of time to the first seizure has more clini-
al relevance, but again should be followed up by
racking of continued seizure freedom for a clinically-

eaningful time; three years is not too long (Perucca
nd Tomson, 1999).

houghts on the monotherapy
onundrum

o clinicians care about monotherapy efficacy? We
hould. Although all drugs so far demonstrated to have
djunctive efficacy probably have some efficacy by
hemselves, this is neither logically nor biologically
pileptic Disord, Vol. 14, No. 2, June 2012

ecessary. More to the point, studies have disclosed
ifferences in efficacy for new-onset epilepsy (Kwan,
003). This is of direct clinical applicability and more
f these head-to-head comparisons are highly desir-
ble, as a recent ILAE recommendation notes (Glauser

t
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s
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t al., 2006). There is an ongoing trial comparing
onisamide with timed-release carbamazepine for ini-
ial monotherapy and other trials of this design are
lanned; this is an encouraging development. Natu-
alistic comparative trials should be extended to
djunctive therapy as well, an example being the recent
emonstration that pregabalin was inferior to lamot-
igine as an adjunct. (Baulac et al., 2010).
onversely, some drugs are best as monotherapy.

elbamate is virtually worthless as an adjunct, at
east to enzyme-inducing agents, but is an excellent

onotherapy drug for patients whose risk-benefit
ssessment is favourable (Pellock et al., 2006). We may
e ignoring other good monotherapy drugs because
f the difficulty of performing monotherapy trials.
onotherapy trials obviously present more difficul-

ies, both in execution and interpretation (Perucca,
008). It should be recognised that total reliance on

drug new to a patient, which is what monothe-
apy means, entails unavoidable risk. It is simply naïve
o think otherwise. For this reason, monotherapy
rials are easiest to perform and thought to be safer
n patients with new-onset seizures.
or patients with established epilepsy, withdrawal to
onotherapy trials have used various “failure crite-

ia” as the primary endpoints, typically the same for
ll patients, such as doubling of two-day or thirty-day
eizure frequency from the pre-randomisation base-
ine. Trials employing doses lower than the minimum
ffective dose (derived from adjunctive trials) as the
ontrol can legitimately be termed “pseudoplacebo”
rials. Trials using lower and higher, but established
s effective, doses of the experimental drug as a con-
rol and trials using the standard starting dose of an
stablished drug as a control have been rather pejora-
ively characterised as pseudoplacebo trials. However,
t least the initial stages of these trials can be con-
idered to be active-control designs; for example the
5 mg/kg valproate control was not known a priori to be
ess effective than any dose of an unproven drug. We
now this only in retrospect. At the time, it appeared
o be a reasonable approximation of equipoise, espe-
ially when one considers the very strong belief that
onotherapy was the highly desirable goal even for

efractory patients. Furthermore, the safety of these
rials depended heavily upon very close patient mon-
toring by very experienced investigators, a condition
erhaps no longer to be taken for granted. One sug-
ested way around the difficulty of monotherapy trial
esign is the historical control design of withdrawal

o monotherapy (French, 2001). The scientific basis for
117

his design, however, relies upon the data derived from
he previous, randomised, blinded, parallel-controlled

onotherapy trials, and the historical control design
till involves the risk of reliance on an untried therapy
or a serious condition.
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esides choice of control, an equally important factor
n patient safety for monotherapy trials is the choice of
topping criteria. One can criticise the one-size-fits-all
pproach; it does not parallel clinical practice wherein
he patient and physician jointly decide when a therapy
as failed and needs to be altered. Perhaps the stop-
ing criteria should be negotiated with each individual
atient in such trials. Furthermore, the investigator
ay be allowed to titrate both the control and experi-
ental drugs optimally as he or she would in clinical

ractice, a design which has been advocated for all
onotherapy trials (Weijenberg et al., 2010). This idea

as been put into practice in some recent open-label
nitial monotherapy trials.

trial design employing more naturalistic “failure
riteria” might in fact be more ethical for both
onotherapy and adjunctive therapy trials than the

urrent classic adjunctive therapy design, which does
equire patients to persevere for the several weeks of
he trial. They can quit, of course, but most feel an obli-
ation to finish the study. Randomisation to placebo,
ven in adjunctive therapy trials, carries risk; the rate
f sudden death is higher than in patients randomised

o active drug (Ryvlin, 2011).

sing specific drugs

hat do clinicians treating patients with epilepsy want
o know about a particular drug from clinical trials?
o what extent have current trial designs answered
hese questions? What trials are still needed to answer
utstanding clinical questions? What improvements in

uture trials can be made to ensure that all possible
linical questions are answered as early as possible
n drug development? These are very broad issues;
et us begin by narrowing the discussion to a few
ey questions in the minds of every clinician, and
hen examine the extent to which clinical trial data
ave answered these questions. In doing this, we
ill not review exhaustively the data already in hand,
ut will point to areas of ignorance which may be
emediable:

Dosing considerations
1. What is the best starting dose?
2. What is the best initial target dose?
3. Can the drug be started quickly or “loaded”?
Choice of drug
1. What is the best initial drug for each seizure type?
18

2. What are the best combinations of drugs for each
seizure type?
3. What is the best drug for defined subpopulations?
What is the drug’s long-term efficacy (effectiveness

nd tolerability)?
Is the drug well-tolerated and safe?

c
s
t
w
m
w

osing strategy: a critical difference
etween trials and practice

hat is the best starting dose and titration
chedule?

o area better illustrates the gap between clinical trial
esigners and clinicians than dosing. The very first con-
ideration is initial dose; with few exceptions, labelled
ecommendations for initial dose are too high for most
rugs for most patients. Why is this? The reason is time,
hich translates to money; extending clinical trials to

nclude a slow-titration arm is expensive. Furthermore,
egulators will only allow labelling to include tested
osages. Subject impatience to move on to a therapeu-

ic dose may be cited, but is a spurious excuse, since
rials already take many weeks. This disparity has been
ell-demonstrated for topiramate, which is clearly bet-

er tolerated at lower than higher early doses. Many
linicians routinely start drugs at half or less of the
abelled starting dose, such as 500 mg/day for leve-
iracetam and 300 mg/day for oxcarbazepine.
he other side of the coin is that we need more data
n tolerability of larger initial doses, loading doses, of
ther new drugs. Drugs which can be started quickly
ave gained an advantage, especially in hospital. It is
robable that we could load some other new drugs
afely and with reasonable tolerability, based upon
heir pharmacokinetic profiles (Ramsay et al., 2010).
ntravenous formulations are also being developed
sing technologies for solubilising drugs, which would
xpand the range of rapidly-effective agents.

hat is the target dose?

ere is a critical question which clinicians face
n a daily basis. It is often skipped or elided in

abelling recommendations. Guidance for clinicians
an be improved. The heart of the problem has been
escribed; it is not practical to titrate every patient to

he maximum tolerated dose of every drug tried, and
he incremental benefit of increasing a drug beyond
relatively low dose is often marginal; most patients
ho achieve complete control do so at rather average
oses (Löscher and Schmidt, 2011).
ne would think, then, that product labelling would

ecommend a target or average dose. In fact this
ecommendation is often absent even when the data
re available from the clinical trials. There is the impli-
ation that the old practice of titrating to effect is
Epileptic Disord, Vol. 14, No. 2, June 2012

till the way to go. Here is the dosing recommenda-
ion for Keppra XR: “Treatment should be initiated
ith a dose of 1000 mg once daily. The daily dosage
ay be adjusted in increments of 1000 mg every two
eeks to a maximum recommended daily dose of
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Theoretical Patterns of Dose-Response
Dose vs. Median % Seizure Reduction
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Table 1. WHO defined daily doses of antiepileptic
drugs (revised 21 Dec 2010).

Drug Dose (mg/day)

Carbamazepine 1,000
Clonazepam 8
Eslizcarbazine 800
Ethosuximide 1,250
Felbamate 2,400
Gabapentin 1,800
Lacosamide 300
Lamotrigine 300
Levetiracetam 1,500
Oxcarbazepine 1,000
Phenytoin 300
Phenobarbital 100
Pregabalin 300
Primidone 1,250
Rufinamide 1,400
Tiagabine 30
Topiramate 300
Valproate 1,500
Vigabatrin 2,000
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igure 1. Three dose-response patterns which may apply to the
tudy population or to individual subjects.

,000 mg” (Physician’s Desk Reference, 2011a). A more
nformative label is found for Lamictal: “Usual main-
enance dose (for patients not on enzyme-inducers
or valproate) is 225 to 375 mg/day” (Physician’s Desk
eference, 2011b). The latter statement is much more
elpful to clinicians. Another way to look at the tar-
et dose is as the “decision point dose”, that is, the
ose at which, if no clinical benefit of the drug has
een observed, the odds favour switching drugs rather

han pushing to the maximal tolerated. The value of
his dose, however, depends upon the topography of
he dose-response curve; if it is linear then a steady
eduction in seizure frequency would be expected
ith increasing dose. This is the desired result in dose-

anging clinical trials, but in fact other patterns are
ossible. For some drugs, a plateau is reached at rela-

ively low doses and there is little incremental benefit
f higher doses. For example, doses of topiramate
bove 400 mg/day or doses of vigabatrin above 3 g/day
enefit few patients. There is a third possibility, which

s that little benefit is seen until some sort of threshold
ose is reached, at which point there is a large jump in
fficacy (figure 1). Dose-ranging trials with sufficient
ange will display these patterns for the population
tudied, but the problem is that they may not predict
n individual patient’s pattern. If a subset of patients
isplayed the third type of response, this would not
e detected by the typical clinical trial because each
atient is not tested for a sufficient length of time on
ach dose, only their target dose. This problem could
e addressed by holding each patient at a lower dose

ong enough to measure a meaningful effect. No trial
as done this because of time and cost; only one trial,
ith zonisamide, has partially incorporated this fea-
pileptic Disord, Vol. 14, No. 2, June 2012

ure (Faught et al., 2001).
o be fair, we must acknowledge that selecting a tar-
et or decisional dose is not straightforward. One
pproach is to use the World Health Organization
efined Daily Dose (DDD). WHO committees define

t
c
W
d
d

ownloaded from www.WHOCC.no/atc_ddd_index/?code=
O3A (World Health Organization, 2010).

his dose mainly to allow usage comparisons between
rugs, not really as equal-efficacious or “best” doses.
his results in some paradoxes for antiepileptic drugs;
ome DDDs seem to be average or most-commonly
sed doses (phenytoin), some are the average doses
sed in clinical trials (lamotrigine), and some are the
aximum tolerated doses (ethosuximide, primidone)

table 1). The decisions of the WHO committee are
ased mainly on the drug labelling; which as we have
een, does not always provide adequate guidance. It is
orrisome that the DDD could be used by insurance

ompanies or governmental agencies to impede physi-
ian choice in dosing, especially for the use of doses
igher than the DDD.

s there a better way to guide clinicians toward the
ost reasonable target dose, the one with the best bal-

nce of tolerability and chance of meaningful seizure
ontrol? There is always expert opinion, which is often
lose to the DDD. A more precise alternative method
ould be to define operationally, in advance, what is
eant by “best target dose”. For example, this dose

ould be one which is >10% better than the next lower
ested dose for 50% seizure reduction, but with fewer
han 25% dropouts during randomised blinded clini-
119

al trials (all cause, not just “due to adverse events”).
e could then select the target dose as the highest

ose which met these criteria. This calculation pro-
uces some variations from the DDD. For example,
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xcarbazepine at 1,200 mg/day meets these criteria: the
esponder rate was 41% (vs 27% for the next lower
ested dose, 600 mg/day); the dropout rate was 21%
Barcs et al., 2000). Oxcarbazepine at 2,400 mg/day does
ot qualify because although the responder rate was
1%, the dropout rate was 67%.

mpowering patients by clear reporting of trial
esults

etter still, in clinical practice, why not allow patients to
ssist with choice of drug and target dose? To facilitate
his, published results of clinical trials should include
ables with the following headings: “dose per day”,
efficacy” (primary endpoint), “seizure-free rate”, and
dropouts”.
or reasonably safe drugs, some patients may in fact
pt for a higher target dose because they are will-

ng to accept a higher chance of typical side effects
or a greater chance of seizure control. This may be
specially true of patients with new-onset seizures:
e often choose lower target doses for these patients

I see many patients targeted to levetiracetam at
,000 mg/day) in the belief that they may not need
igher doses, but in fact the looming possibility of
recurrent seizure is very stressful. Some patients
ay desire a better margin of safety despite a greater

hance of side effects, most of which, after all, are
ose-related and reducible.
o reiterate a point, this comment bears on a critical
ifference between the primary goal of clinical trials, to
emonstrate efficacy for some arbitrary criteria such as

ime to first seizure and the primary goal of the patient,
eizure freedom.

ong-term efficacy

t is essential to know whether drugs proven tolera-
le and effective in short-term trials hold up over the

ong run. Careful follow-up of patients transitioned
rom double-blind trials to open-label treatment with
n experimental drug can provide some insight, but
his is an enriched population which has been stripped
f drug failures. Trials with new-onset patients in which

he end-point is retention provide useful information
Marson et al., 2007a; Marson et al., 2007b). It is more
ifficult to obtain this information on adjunctive thera-
ies in refractory patients, since Kaplan-Meier survival
urves for continued drug use are dismal, as patients
nd their physicians continue to search for freedom
20

rom seizures. More effort is needed in follow-up of
atients taking their second or third drug, not their
rst or tenth. There is now an opportunity to track

he clinical course of such patients using large national
atabases, for example those populated by Medicare

i
e
l
c
r

r commercial insurance clients. Some efforts along
hese lines have been made, but have not been sus-
ainable because of lack of funding and problems with
atient privacy regulations.

hoice of drug

simple question: what is the drug of choice for ini-
ial therapy of partial-onset seizures? That this is still

legitimate question in 2012 (Chadwick et al., 2009)
s frustrating to clinicians. It is beyond the scope of
his review to describe the clinical trial data com-
aring drugs to one another. For a comprehensive
eference, the recent report of the Agency for Health-
are Research and Quality of the US Department of
ealth and Human Services (Talati et al., 2011) may be

onsulted, though I would advise against taking seri-
usly the rather simplistic conclusions on drug choice

ncorporated into this report. There are other metana-
yses (Rheims et al., 2011) but they do not really take
he place of direct comparative trials. We are mak-
ng some progress in formulating an answer. In an
xample from the SANAD trial, (Marson et al., 2007a,
007b), the authors concluded that lamotrigine is the
est drug for this purpose, based mainly on its toler-
bility. Although this study was unblinded. We have
lso made progress in choosing the best drug for
eneralised seizures, an example being the redis-
overy (30 years after the initial study) (Sato et al.,
982) that ethosuximide and valproate are equally
fficacious for absence, and now that each is more
fficacious than lamotrigine (Glauser et al., 2010).

hat are the best drug combinations?

or clinicians, choosing the second drug is in fact
ore problematic than choosing the first drug. Practi-

ally, this means selecting the best combination. Even
f the goal is conversion to a second monotherapy,
atients will be on the combination for a time. It has
ot been practical with standard trial designs of add-
n drugs for refractory partial-onset seizures to sort
ut which combinations work best (French and Faught,
009). A retrospective analysis of a transition to mono-
herapy study suggested that the valproate/lamotrigine
ombination was better than other combinations with
amotrigine (Brodie and Yuen, 1997). There is also a
etrospective study which suggests that lacosamide
orks better with non-sodium channel drugs (Sake
t al., 2010), and a recent trial suggests that lamotrigine
Epileptic Disord, Vol. 14, No. 2, June 2012

s superior to pregabalin as an adjunctive agent (Baulac
t al., 2010). However, it takes a very large patient popu-

ation, over 600 subjects in the lamotrigine/pregabalin
omparative trial, to detect potential small diffe-
ences in efficacy. Overall, we know little about other
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ombinations. It is now time to exploit clues from
odent studies of drug combinations (Luszczki et al.,
010), especially since we have more drugs with
learly-defined primary mechanisms of action. How-
ver, these results may not be directly applicable to
ur refractory epilepsy patients because the endpoint

n the rodent studies is the ED50; it may be easier to
nd an ED50 than the ultimate clinical endpoint, the
D100!
e also have large populations of patients on cer-

ain baseline drugs. For example, the large numbers
f patients on levetiracetam or lamotrigine mono-

herapy could be utilised, by randomising those
ho need a second drug to drugs with different,
ell-defined mechanisms; lacosamide, pregabalin,
zogabine, and perampanel could be considered.
ead-to-head trials require a certain amount of

ourage on the part of commercial sponsors since the
inners cannot be predicted, but there are precedents

Privitera et al., 2003; Baulac et al., 2010; Ramsay et al.,
010).

olerability: no surprises

linicians do not like unpleasant surprises. This even-
uality can be made less likely by better surveillance
uring clinical trials. The usual procedure has been

o ask open-ended questions at trial visits. There is a
etter way. Surely we now know enough about likely
ide effects of antiepileptic drugs (Perucca et al., 2009)
o institute a more active search during early trials.
owever, this is not a common practice; of 56 AED

rials in children, only six used a standard method of
urveillance for side effects and often the method of
ollection of toxicity data was unspecified (Anderson
nd Choonara, 2010). There are published adverse
ffect scales (Gilliam et al., 2004). The common occur-
ence of depression should mandate the inclusion
f appropriate measuring tools during trials (Gilliam
t al., 2006). There are also validated scales for anxiety
Spitzer et al., 2006), and finally we should be able to
nticipate and detect cognitive issues (Park and Kwon,
008). It is especially important to assess the impact of
drug on cognition in children, for better or worse.
uality of life is probably related to a composite of

ll these factors and is also a valid secondary efficacy
riterion.
ad we included these active probes, we would have

haracterised the adverse cognitive effects of topira-
ate and the personality problems with levetiracetam
pileptic Disord, Vol. 14, No. 2, June 2012

arlier. These negative effects were, for the most
art, observed during clinical trials but a more accu-
ate description of their nature and frequency would
ave been possible before open-label experience. The

m
l
l
c
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ejoinder to this suggestion is that active pursuit of
dverse effects will elevate their reported incidence.
his is undoubtedly the case, but the playing field for
uture drugs would be level.

afety: there will be surprises

onitoring during trials

afety is not the same as tolerability: it implies risk
o permanent health or to life. The reality is that it is
ot possible to detect rare serious side effects with

he usual population size of AED trials. Nevertheless,
onitoring of laboratory tests, cardiac function, and

he like should be maintained. A growing practice,
hich should be mandatory, is the use of an inde-
endent data-safety monitoring board with access to
nblinded data throughout the trial. This committee
ay have the ability to detect a “signal” of a possi-

le drug-related safety issue before formal statistical
nalysis, thus focusing attention on potential prob-
ems. This is not a universal practice: of 56 reviewed
rials of AEDs in children, only three employed an inde-
endent safety monitoring committee (Anderson and
hoonara, 2010).

eratogenicity

ew issues are more important to the clinician treating
arge numbers of young women with epilepsy. It has
aken agonisingly long to characterise the foetal effects
f our new drugs. It is important to continue pregnancy
egistries. It is imperative for companies marketing a
ew AED to set up their own registry or to cooper-
te actively with established national or international
egistries such as the North American or European reg-
stries (Meador et al., 2008).

he ideal AED clinical trial program

linicians would like efficacy, tolerability, and safety
nformation on a wide range of dosages for paediatric,
dult, and older adult populations. Demonstration of
djunctive efficacy for refractory patients as a first step
s reasonable, but even a hint of adjunctive efficacy
hould raise the possibility of monotherapy potential.
rials for specific seizure types or epilepsy syndromes
hould follow. Eventually, best combinations should
merge. No drug has been subjected to such an ideal
rogram, which would require a long time and much
121

oney. We have much more data on drugs deve-
oped by large companies who enjoy a long patent
ife (e.g. topiramate) than drugs developed by small
ompanies with only a few years of exclusive sales



1

E

(
e
e
t
w

C

T
e
s
m
i
–
r
(
–
c
l
–
b
l
–
s
–
d
–
t
–
e
–
e
–
–
t
–
a
m
–
i
t
e
t
A
i
m
b
t
e
p
r
S
o
l
a

a
s
t
w
i

D
T
t
s
a
P
c
U

R

A
t
t
A

B
c
E

B
i
t
E

B
i
t

B
c
s

B
e
R

C
m

C
m
d
E

F
S
f
o

F
R

F
2

. Faught

e.g. zonisamide). Some mechanism for extending the
xploration of a drug’s usefulness after its patent has
xpired must be found. We are almost certainly failing
o exploit fully the drugs we have, as well as the drugs
e shall have.

onclusions

he system of clinical trials of antiepileptic drugs
mployed since the 1980s has, for the most part,
erved us well, but does not always yield the answers
ost relevant to clinicians. Recommendations for trial

mprovement may encompass these areas:
Inclusion in clinical trials of populations more rep-

esentative of those encountered in clinical practice
improved external validity);

Measures to reduce the placebo response rate:
areful selection of study sites, perhaps single-blind
ead-ins or a return to crossover designs in some cases;

Transparent quantification of the correlations
etween dosing, efficacy, and tolerability, with clear

abelling in product information;
Reporting of the seizure-free rate per dose and by

eizure type;
Clearer labelling guidance on appropriate target

oses;
Innovative end points, more parallel to clinical prac-

ice, including sustained seizure-freedom;
Flexible dosing and possibly individually-determined
ndpoints in trials;
Focused, standardised searching for adverse effects

arly in drug development;
More direct comparative trials using active controls;
Longer patient follow-up, with assessment of long-

erm drug efficacy and safety;
Better matching of drug to seizure type, syndrome,

nd genotype, especially as drugs with more defined
echanisms of action become available;
Many of these suggestions have been incorporated

nto ILAE guidelines for conduct of initial mono-
herapy trials (Glauser et al., 2006) and could be
xtended to adjunctive and conversion to mono-
herapy trials.
lthough significant preclinical groundwork and some

mportant clinical trials have been financed by govern-
ent agencies, the brunt of the clinical trial effort has

een borne by pharmaceutical companies. We should
herefore be grateful to the commercial sector for the
xplosive development of antiepileptic drugs over the
ast three decades, which required both enormous
22

esources and the will to tackle a difficult disorder.
ome improvements in trial design may be impractical
r financially prohibitive, but many are feasible. The

onger-term and comparative studies, essential as they
re, have not been attractive to governmental funding

G
e

G
E

gencies, especially in the United States. This attitude
hould change. Alternative mechanisms to address
hese questions may include consortia of investigators
ith indirect commercial or non-governmental fund-

ng. �
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