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eizures in an estimated 60-70 percent of newly diagnosed epilepsy patients can be controlled on a single
antiepileptic drug, usually with the first or second
medication chosen.1 Seizures in the remaining 30-40
percent are more difficult to control, and therefore
these patients may benefit from combinations of two or three
AEDs, and in some cases possibly epilepsy surgery, to prevent
new seizures.
Unfortunately, there remains a lack of conclusive clinical
evidence of the efficacy of the newer AEDs when prescribed as
monotherapy for various epilepsy syndromes and patient populations. This dearth of literature stems largely from the fact
that the pharmaceutical companies which over the last 15 years
developed the newer-generation AEDs sought and obtained
FDA approval primarily as add-on therapy. This avenue to
approval made sense given the enormous expense of conducting adequately powered monotherapy trials, as well as ethical
and logistical constraints that argue against such study designs.
The upshot is that neurologists prescribing many of the
newer AEDs off-label as monotherapy base their treatment
decisions on anecdotal evidence, uncontrolled studies and
expert opinion. Since post-approval monotherapy trials are cost
prohibitive for manufacturers, the impetus and funding for
such studies lies outside of the commercial community and
instead falls within the domain of government agencies,
research foundations and academic centers.
Whether both the funding and the medical community’s
interest in such research will be forthcoming remains to be
seen. Meantime, neurologists must make their treatment decisions based largely on their own clinical experience with the
newer-generation AEDs supported by limited and inconclusive
epilepsy research reported in the literature. In this article, we’ll
review the evidence for AED monotherapy and trends in physician prescribing habits.

Monotherapy vs. Polytherapy

Ideally, neurologists and their patients would prefer to achieve
seizure freedom through monotherapy; that is, the use of a single AED. This approach has several advantages. “The primary
advantages are ease of use and simplicity for the patient,” says
Steven Schachter, MD, Professor of Neurology at the Harvard
Medical School and Director of Research in the Neurology
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Department at the Beth Israel Deaconess Medical Center in
Boston. There are additional advantages. “It generally allows
for increasing the dose of a single drug more so than if it’s prescribed in combination with another seizure medication,” Dr.
Schachter says. There is also a psychological consideration. “If
the patient is prescribed more than one seizure medication, it
conveys the message that he or she has a ‘worse’ form of epilepsy than others might have,” Dr. Schachter says.
Additional concerns support the preference for AED monotherapy. For one, it’s less expensive for the patient than the cost
of multiple drugs. There is also safety and tolerability to consider. “There are fewer drug interactions with monotherapy,”
says Barry Gidal, PharmD, Professor of Pharmacy and
Neurology at the University of Wisconsin School of Pharmacy.
“Many of these drugs, particularly the older generation AEDs,
have multiple drug-drug interactions, not only with each other
but with other medications. The more drugs you add on, the
more adverse effects you expose patients to.” Multiple AEDs
prescribed in combinations may cause sedative and cognitive
adverse effects.2,3
On the other side of the coin, there is another 30-40 percent of patients for whom monotherapy with the first or second AED fails to prevent further seizures. Scottish clinician
and researcher Martin J. Brodie, MD defines refractory epilepsy as those cases in which the first AED fails due to a lack of
efficacy.4 These patients often have an underlying structural
cerebral abnormality, and are more likely to have suffered multiple seizures before beginning treatment.1 For this patient population, a combination of two or three drugs, preferably with
complementary mechanisms of action, may provide adequate
control. Reducing the dose of one or more AEDs may expedite
the addition of a second or third medication.4

Refractory Epilepsy

One obstacle to optimal epilepsy treatment is that physicians
may possess an imprecise understanding and definition of just
what constitutes pharmacoresistance; that is, cases in which the
patient’s epilepsy remains refractory in the face of multiple
medical therapy regimens.4 Familiarity with the pathological
factors that govern pharmacoresistance may allow the clinician
to prescribe an effective combination of AEDs with greater
confidence of achieving salutary outcomes.
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This effort is critical given that patients with refractory
epilepsy are at greater risk of suffering frequent and prolonged seizures and episodes of status epilepticus, all of
which may lead to cognitive decline.5 Some patients with
progressive epilepsy may experience any of a variety of detrimental changes such as dendritic sprouting, synaptic reorganization, glial proliferation and cell
death.6 Prolonged inadequate seizure control can lead to disturbed psychosocial integration in terms of poor academic
achievement, diminished self-esteem, dependency and a restricted lifestyle.7,8 In
general, patients with refractory epilepsy
face a downward-spiraling quality of life.
What’s more, this population tends
toward premature mortality, particularly
due to sudden, unexpected death.8,9

By Robert Murphy
Contributing Editor

Research Constraints

While monotherapy remains the preferable starting point in treating newly diagnosed epilepsy, it is worth noting that the
AEDs developed within the last 15 years
were approved by the FDA as add-on
therapies to prescribe in combination
with older-generation AEDs (phenytoin,
carbamazepine, valproic acid, barbiturates and benzodiazepines). This avenue
to approval was seen as more expeditious
and ethical than conducting clinical trials
of AED monotherapy. Such studies also
require fewer patients
than other study
April 2005
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models, and are therefore less expensive. “Many would not
consider it ethical to treat a patient with a new-onset or newly
diagnosed epilepsy with placebo because of the potential risk of
seizures,” Dr. Gidal says.
Ethical concerns extend to the use of the experimental drug
itself in monotherapy trials. “There are difficulties from an ethical standpoint in performing monotherapy trials of an unproven antiepileptic drug, in as much as ethically one should
treat the patient with the best available therapy,” Dr. Schachter
says. “To treat a patient with epilepsy or new-onset epilepsy
solely with an unproven drug is not consistent with that ethical precept, and so there are some logistical issues involved in
designing ethical monotherapy trials.”
In pursuing FDA approval of add-on therapy, manufacturers generally avoid study designs aiming to prove the efficacy of
single-AED treatment. Beyond the ethical concerns regarding
monotherapy trials, this avenue avoids the huge expense and
length of time required for well-powered studies involving
hundreds of patients.
One monotherapy study
design would compare a
population receiving an experimental drug against
those treated with what is
called an “active control,” or
“pseudo-placebo,” that is, a
low dose of (typically) valproic acid presumed to provide suboptimal seizure
control yet sufficient to prevent status epilepticus.
“From a regulatory perspective, the FDA requires that
the investigational drug
demonstrate superiority.”
Dr. Gidal says.
In the US, the most
common design of a monotherapy trial for a new AED
is the so-called withdrawal
to monotherapy design. In
this type of trial, the investigational drug is initially added to the existing AED regimen of
a patient with medically intractable seizures. Once the new
agent has been added, the older AED is tapered off. Patients in
the control arm of the study receive a sub-optimal dose of
either the investigational drug, or another agent such as valproic acid. “By definition, a successful study is one in which a
greater number of people fail or, rather, meet escape criteria in
the active control treatment vs. those receiving the drug being

Epilepsy drug
development
has lately
become a
victim of its
own success.
Most patients
prefer an
approved
agent over an
experimental
one.
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studied.” However, this type of design is not intended to be an
actual comparison between the older and newer drug. Although this methodology doesn’t show that the experimental
drug is more efficacious than the older drug, it shows that it’s
probably not worse. “That’s the best that you can say about
such study designs,” Dr. Gidal says.
Many researchers and physicians have criticized such study
models not only ethical grounds but on the basis of logistics.
Such trials are cumbersome and time-consuming, critics say,
and require large groups of patients for the results to be considered adequately powered. “You need to have lots of patients
with poorly controlled seizures who are still receiving
monotherapy with an older generation AED,” Dr. Gidal says.
That raises a problem: enrolling patients. In a sense, epilepsy
drug development has lately become a victim of its own success. “It’s tough to get patients to enroll in those studies,” Dr.
Gidal says. “Because we’ve got so many effective new-generation AEDs now, patients will ask why they should risk getting
an active control or pseudo-placebo.” Most would prefer to be
put one of the approved agents than a roll of the dice with
experimental therapy.
This is one reason why some companies are looking overseas
to conduct research in places where it is easier to enroll patients
willing to participate in these types of studies. “Some companies are beginning to look at South America or Eastern Europe
where, quite frankly, many of these patients have not had access
to these newer drugs for financial reasons,” Dr. Gidal says.

Filling the Void

The dearth of AED monotherapy trials has left a conspicuous
gap in the literature concerning the drugs’ efficacy in such regimens, leaving physicians to depart from evidence-based medicine and rely instead on alternative guidance—uncontrolled
studies, expert opinion, community standards or, perhaps most
usefully, the epilepsy treatment guidelines developed by the
American Academy of Neurology and the American Epilepsy
Society and published last year.10,11
These guidelines are based on an extensive literature review.
For newly diagnosed patients, the recommendations suggest
that gabapentin (900 to 1800mg/day) prescribed as monotherapy effectively treats those with partial epilepsy, while lamotrigine (up to 500mg/day), topiramate (100 or 200mg/day), and
oxcarbazepine (up to 2400mg/day) are effective when prescribed as monotherapy for those with newly diagnosed partial
or generalized tonic-clonic seizures.10 There was insufficient
evidence to recommend tiagabine, zonisamide or levetiracetam
for those with newly diagnosed epilepsy. The guidelines for
newly diagnosed patients generally indicate that the newer
AEDs match the efficacy of the older-generation medications
yet with greater tolerability.
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AED Mechanisms
While the pharmacokinetics and pharmacodynamics of AEDs are not fully understood—and in fact, most work by multiple mechanisms—
researchers have identified aspects of epilepsy’s pathogenesis that are targeted by the activities of
specific medications.
The mechanisms of AEDs fall into general categories.4 Phenytoin, carbamazepine and
lamotrigine primarily limit sustained repetitive firing by blocking voltage-gated sodium
channels. Some of the newer AEDs, including oxcarbazepine and zonisamide, share this
mechanism. Ethosuximide is unique in reducing low-threshold T-calcium currents. Barbiturates (phenobarbitol) and benzodiazepines (vigabatrin, tiagabine) enhance the inhibitory
action of gamma-aminobutyric acid. Topiramate, zonisamide and acetazolamide inhibit carbonic
anhydrase activity.
Also contributing to the anti-seizure properties of many AEDs is their effect on calcium and
potassium channels as well as reduction of glutamate-mediated excitation. In fact, many of the newer
AEDs—most notably gabapentin, topiramate, felbamate, zonisamide and probably also lamotrigine and
levetiracetam—yield multiple effects.

A separate set of guidelines pertain to the treatment of
refractory epilepsy.11 In this setting, it is considered appropriate
to use lamotrigine, tiagabine, topiramate, oxcarbazepine, levetiracetam or zonisamide as add-on therapy for those with
refractory partial epilepsy. The guidelines further suggest that
oxcarbazepine (2400mg/day), topiramate (1000mg/day) and
lamotrigine (500mg/day) can be used as monotherapy in those
with refractory partial epilepsy. Lamotrigine is also effective in
the treatment of children with newly diagnosed absence
seizures. There is insufficient evidence to recommend the use
of gabapentin, levetiracetam, tiagabine or zonisamide as
monotherapy for refractory partial epilepsy.
Another set of guidelines applies to those with refractory
primary generalized epilepsy.11 In this setting, evidence supports the use of topiramate (6mg/kg/day) as monotherapy to
treat refractory generalized tonic-clonic convulsions with or
without other seizure types. Gabapentin (1200mg/day) was
found not to be effective in treating a similar population.
Meanwhile, there is insufficient evidence to recommend the
use of lamotrigine, oxcarbazepine, tiagabine, levetiracetam or
zonisamide as monotherapy for refractory generalized tonicclonic seizures in adults or children.

Pediatric Patients

Of the newer AEDs, only oxcarbazepine has FDA approval for
pediatric monotherapy (in children age four or older with partial seizures), an indication it received in August 2003. No trials have been performed concerning the use of the newer-generation AEDs as monotherapy in children with refractory partial seizures, but the AAN/AES guidelines advocate some regimens in this population.11
An earlier National Institutes of Health consensus workApril 2005

shop determined that partial seizures in children are similar in
pathophysiology to those in adults, and will probably respond
to the same drugs.12 Each AED tested as adjunct therapy in
children older than two years with refractory partial seizures
provided the same efficacy as when used for adults in this setting.11 The AAN/AES guidelines indicate that gabapentin (2335mg/kg/day), lamotrigine (1-5mg/kg/day), oxcarbazepine
(30-46mg/kg/day) and topiramate (125-400mg/day) may be
used as adjunctive therapy for children with refractory partial
seizures. There is insufficient evidence to recommend levetiracetam, tiagabine or zonisamide in this setting.
Topiramate (6mg/kg/day) has been shown to be effective in
treating refractory idiopathic generalized epilepsy in children,
while gabapentin (1200mg/day) has not been effective in this
setting.11 Definitive studies of other new-generation AEDs for
this patient population have not been reported. Lamotrigine
(50-400mg/day) has been shown to reduce seizures associated
with the Lennox-Gastaut syndrome in children, while topiramate (6mg/kg/day) has been effective in reducing drop attacks
(tonic and atonic seizures) in this setting. No evidence supports
the use of gabapentin, tiagabine, oxcarbazepine, levetiracetam
or zonisamide monotherapy for children with the LennoxGastaut syndrome.

Further Research Needed

As useful as the AAN/AES guidelines may be in clinical practice, they leave many questions unanswered. “From a scientific
standpoint, we don’t really have hard-and-fast evidence to suggest whether there’s a medical advantage to combination treatment vs. monotherapy, let alone which combinations specifically should be used,” Dr. Schachter says. “There may be specific combinations that are better than other pairings of drugs
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or better than these particular drugs alone.”
The fact that many AEDs affect brain cells through multiple mechanisms of action further complicates the task of selecting an optimal polytherapy regimen. An additional drug may
simply replicate the activity of one previously prescribed.
Conversely, a single medication working through various
mechanisms may provide sufficient seizure control in certain
settings. Treatment decisions may therefore devolve to guesswork or trial-and-error.
“Clearly there’s a need—a pressing need—to conduct additional research in epilepsy therapy,” Dr. Schachter says. “That’s
only going to happen when we find alternative funding
sources, because manufacturers are primarily interested in
funding research that helps get their drugs on the market, or
for a particular indication or use.” Such alternative funding
sources, Dr. Schachter notes, may include not-for-profit foundations, a consortium of academic centers pooling their
research funds or, most likely given the expense of conducting
such a trial, the NIH.

Timely Clinical Data

Compelling data have emerged from Martin J. Brodie, MD
and Patrick Kwan, MD.1 A study involving 470 Scottish
epilepsy patients started for the first time on AEDs and followed for a median of five years found that seizures in 47 percent responded to the first medication. Of these, 83 percent
received carbamazepine (n=212), sodium valproate (n=101), or
lamotrigine (n=78). Most patients whose seizures were fully
controlled on their first AED did so on a modest or moderate
daily dose (800mg of carbamazepine or less, 1500mg of sodium valproate or less, and 300mg of lamotrigine or less).
Seizures in another 13 percent of patients were well-controlled on the second AED prescribed as monotherapy (replacing the first one).1 Only three percent of the patients had
seizures controlled with two AEDs and none with three. The
study’s original pool of 525 patients included 140 (26.7 percent) with idiopathic epilepsy (having a presumed genetic
basis), 150 (28.6 percent) with symptomatic epilepsy (resulting
from a structural anomaly) and 235 (44.7 percent) with cryptogenic epilepsy (resulting from an unknown underlying
cause), according to the guidelines of the International League
Against Epilepsy.13,14
Patients’ responses to their first AED were strongly correlated with their outcomes. Of the 248 for whom the first drug
was unsuccessful, only 79 (32 percent) later become seizurefree.1 Those with localization-related symptomatic or cryptogenic epilepsy were less likely than those with generalized idiopathic epilepsy to become seizure free on their first AED—primarily because the former two groups were more likely to
require a treatment change due to intolerable side effects.

30

Conclusion

Neurologists who understand the natural history of epilepsy
and its response to treatment are better equipped to anticipate
refractory cases at an earlier stage of the disease, when a change
in treatment may be most effective.4 Seizure freedom with no
side effects remains the clinical goal in treating epilepsy. Ideally,
this may be achieved with the first AED chosen. In instances
where this is not the case, clinicians must consider substituting
another single AED or using combination therapy by assessing
various patient-related factors, including the type of seizure
and epilepsy syndrome. Also critical is an understanding of the
pharmacology, side effects and drug-interaction profiles of the
AEDs. The use of a number of different combinations might
be necessary before arriving at a regimen that produces the best
seizure control.
Even when equipped with the best available knowledge of
these various patient- and treatment-related factors, however,
physicians may not have all the necessary answers before when
selecting an appropriate AED or combination of agents. “In
the case of epilepsy, we don’t know for a particular patient
whether their epilepsy reflects a problem with their sodium
channels, potassium channels, calcium channels, GABA, glutamate—all the various things that relate to seizure medications’
mechanisms of action,” Dr. Schachter says. “We don’t know for
a particular patient which of those should be corrected. As a
consequence, we are not truly individualizing therapy based on
the drug’s mechanism of action at this point.” Hopefully,
future research will fill in the gaps of our present understanding of epilepsy’s pathophysiology and the properties of the
medications used to treat the disease. PN
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