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Summary

The prognosis for seizure control is an important consideration for patients diagnosed
with epilepsy. Reversing the social restrictions imposed by seizures and returning to a
productive life requires complete and sustained seizure control. The epilepsies are a
heterogeneous group of disorders and clinicians discussing the prognosis of epilepsy need
to be aware of the natural history of each epilepsy syndrome. Longitudinal follow up
studies in newly diagnosed patient populations are required to delineate the natural
history of the various syndromes. Previous studies have suggested that the early course of
epilepsy is predictive of its longer-term behaviour in the majority of cases. If response to
individual antiepileptic drugs (AEDs) in specific epilepsy syndromes can be predicted,
prognosis can be assessed more accurately. Genetic influences on response to treatment
are probably important in this regard. The completion of the Human Genome Project has
opened up the possibility of correlating variations in the human genome with the
variability of response to drugs. The discipline of pharmacogenomics, which seeks to
study the genetic influence on response to drugs, has the potential to allow drug therapy
to be optimised for each patient, maximising the chances of success. Identification of
single nucleotide polymorphisms (SNPs) in candidate genes correlating with response to

AED treatment can help identify patients at risk of developing drug resistant epilepsy.

Epilepsy is associated with an increased mortality risk. The excess risk varies depending
on the population studied, and is influenced by patients’ clinical and demographic
characteristics. Clinicians discussing mortality issues with patients need to be aware of
the potential risk in each individual. This is best deduced from studies in representative

patient groups. Risks need to be studied separately in patients with newly diagnosed and
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chronic epilepsy, as the prognoses in these two groups are likely to be different, in terms

of both seizure control and survival.

Treatment outcomes were analysed in patients newly diagnosed with epilepsy at the
Epilepsy Unit, Western Infirmary, Glasgow over a 20-year period by retrospective review
of research case notes. Response to treatment was defined as a 12-month seizure free
period and those who remained seizure free till the end of follow up were considered to
be in remission. A total of 890 patients had been diagnosed with epilepsy. Treatment
outcomes were known for 780 who were included in the analysis of treatment outcomes.
Four major categories of response to treatment were observed: those who responded
rapidly and completely to treatment with the first AED (immediate responders), those
who responded with further changes to therapy including combination treatment (delayed
responders), those who had an initial period of good control before experiencing seizure
recurrence and being'subsequently uncontrolled (relapse), and those who never achieved
12 month seizure free period (uncontrolled). Over 90% of those responding to treatment
achieved remission. Of those responding to treatment 83% had completed 12 seizure free
months by 3 years from starting AEDs. Those failing the first AED had significantly
lower likelihood of responding to further pharmacotherapy if the reason for failure was
lack of efficacy rather than adverse effects. For patients failing 2 well tolerated
antiepileptic drug regimes, the chances of seizure freedom with pharmacotherapy was
less than 10% and for those failing 3 such regimes, this figure was only 3%. Alcohol
abuse, history of head injury and febrile seizures, psychiatric co-morbidity and family
history of epilepsy showed significant univariate association with uncontrolled epilepsy.
Voltage gated sodium channels are important in the generation action potentials in the

brain and also serve as molecular targets for a range of AEDs. SNPs resulting in altered
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amino acid sequence in the sodium channel a subunit have the potential to influence the
response to AED treatment. Na, 1.2, encoded on SCN24, is the most widely expressed
sodium channel a subunit in seizure-prone areas of the human brain. A case control
association study was conducted to examine the prevalence of a specific SNP (R19K), in
the SCN24 gene among responders and non-responders to AED treatment, identified
from 400 epilepsy clinic attendees. The RI9K polymorphism was significantly more
prevalent in non-responders in this population (OR 2.07, 95% CI 1.08-3.97, p=0.024),
but the predictive value of the polymorphism in identifying non-responders was low (test

efficiency 48%).

Mortality was studied separately in the newly diagnosed patients (n=890) and in patients
chronic epilepsy, referred after unsuccessful treatment elsewhere (n=2689). Comparison
was made to an age and sex matched Scottish control cohort. Significantly more deaths
were observed in both cohorts of pétients than could be expected based on the mortality
in the control population. Standardised mortality ratios (SMR) were 1.41 (95% CI 1.15 —
1.74) for the newly diagnosed patients and 2.04 (95% CI 1.82-2.27) for patients with
chronic epilepsy. In the newly diagnosed patients, more deaths than expected were
observed for patients with symptomatic and unclassified epilepsy, but not for those with
idiopathic or cryptogenic epilepsy. In the chronic epilepsy cohort, excess mortality was
seen for all types of epilepsy other than idiopathic generalised. Highest mortality was
seen in younger patients, especially in those with symptomatic epilepsy. The incidence of
Sudden Unexpected Death in Epilepsy (SUDEP) was 1.08 per 1000 patient years in
newly diagnosed epilepsy, and 2.4 per 1000 patient years in chronic epilepsy in this

analysis.
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In conclusion, the prognosis of newly diagnosed epilepsy is obvious within the first 3
years of starting treatment. Patients who do not respond to the first 2 well tolerated AED
regimes have les than 10% chance of achieving remission with further pharmacotherapy
and should be evaluated in a specialist epilepsy centre. The approach of analysing single
SNPs on candidate genes lacks the power to usefully predict response to AED treatment.
Identifying a number of genetic markers that correlate with treatment and using more
sophisticated analyses paradigms such as haplotype-based approaches can improve the
predictive value. Mortality risks are higher in patients with chronic epilepsy compared to
those with newly diagnosed epilepsy. This excess is most marked for younger patients,
especially those with symptomatic epilepsy. SUDEP remains a rare event for patients

with epilepsy, but is significantly more likely in patients with chronic epilepsy.
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1. Determining pharmacological intractability in epilepsy

1.1. Introduction

1.1.1. Historical considerations

Mankind has known epilepsy since the earliest civilisations. There are descriptions of
epileptic phenomena in the Babylonian tablets dating back to 2™ millennium BC (Arts
and Vree, 2001). Descriptions that are suggestive of epilepsy can also be found in Persian
Egyptian and Mesopotamian texts. The word epilepsy is derived from Greek
epilambanien, which means to seize or attack. This terminology may have roots in the
ancient belief that all diseases were caused by attacks of gods or demons. Ancient Greeks
considered epilepsy the scared disease although Hippocrates ascribes its supposed divine
origin to “men’s inexperience and their wonder at its peculiar character” (Hippocrates,
¢.400 BC). The impressive nature of generalised seizures also probably led to the term
‘the great disease’ which finds its way into medieval French as grand mal, a term in use
until recently. Robert Bentley Todd first proposed the electrical basis of nervous
functioning. His successor John Huglings Jackson is generally credited with developing

the electrical theory epilepsy, paving the way for modern epileptology (Reynolds, 2004).

1.1.2. Natural history of treated epilepsy

The term epilepsy covers a wide range of disorders with the common symptom of
recurrent unprovoked seizures. The natural history and prognosis vary depending on the
underlying aetiology and the specific epilepsy syndrome. Our understanding of the
natural history of the different seizure disorders is imperfect. Some syndromes have a
genetic aetiology, yet incomplete penetrance and phenotypic variability in most
genetically mediated epilepsy syndromes suggest a strong environmental influence

(Johnson and Sander, 2001). The majority of patients with acquired epilepsy are likely to
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have an underlying genetic predisposition modified by environmental factors (Figurel).
The dynamics of the causative and modifying factors determine the outcome of each

epilepsy syndrome, including response to treatment.

Long-term prospective studies are required to accurately estimate the prognosis of each
specific seizure disorder. It is important that studies of prognosis consider each epilepsy
syndrome separately (Commission, 1993). If an approach of ‘lumping’ is followed in
such studies, the observed outcome will be skewed towards that of the most frequent
syndrome in the cohort. Certain benign epilepsy syndromes with onset in childhood have
an excellent prognosis and enter remission regardless of drug treatment. Syndromes such
as Juvenile Myoclonic Epilepsy (JME), on the other hand, respond relatively easily to
treatment but have a high rate of recurrence if treatment is withdrawn. The long-term
prognosis of adult onset epilepsy is less clear. Data from longitudinal studies suggest that
patients diagnosed with epilepsy largely fall into two categories- those who enter
remission early on and those who remain refractory from the outset (Goodridge and
Shorvon, 1983; Kwan and Brodie, 2000). Patients who are difficult to control initially can
still enter remission several years after starting AED treatment, albeit in small numbers.
Similarly, those who enter remission early on can relapse and be subsequently difficult to
control. A recent study in patients undergoing temporal lobectomy for refractory epilepsy
found that 26% of patients had a history of one-year remission, and 8.5% had a history of
5-year remission, prior to developing refractory epilepsy (Berg et al, 2003). Thus, there
appears to be a small group of patients in whom the seizure disorder displays a changing
behaviour over time. Nonetheless, in the majority of patients, early course of epilepsy is a
reliable indicator of the long-term treatment outcome (Hauser et al, 1996; Dlugos et al,

2001).
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1.1.3. Drug treatment of epilepsy

Effective treatment for epilepsy has been available since the latter half of the 19" century,
since the discovery of anticonvulsant properties of bromides. The number of drugs
available to treat epilepsy increased through the 20" century; thanks mainly to
serendipitous discovery of antiepileptic drugs (AEDs). In the 1980s and 1990s, rational
drug discovery programmes saw several new compounds with novel mechanisms of
action added to the therapeutic armamentarium against epilepsy. This has resulted in an
improved outlook for most patients with epilepsy, with a realistic prospect for a full
productive life for most patients diagnosed with epilepsy. The ideal outcome in the
treatment of epilepsy would be complete control of seizures with no adverse effects from
medication enabling patients to return to full productive lifestyle consistent with his/her
abilities (Engel, 2004). However, many patients in whom complete seizure control is not
achieved are able to maintain a near normal lifestyle with only minimal restrictions. This
concept of “acceptable control” aims at limiting the number and severity of seizures with
tolerable drug burden and adverse effects. Acceptable seizure control in such situations

varies depending on patients’ expectations and social circumstances as well as the type of

epilepsy.

In some severe epilepsy syndromes of infancy and childhood, usually associated with
neurological morbidity and intellectual impairment, complete seizure control is often an
unrealistic expectation (Shields, 2000). Reduction in seizure frequency and severity can
improve the quality of life and prevent further intellectual impairment in such patients.
Nonetheless, in the majority of patients with epilepsy, even relatively infrequent and mild
seizures can have a significant impact on quality of life (Gilliam, 2002). Academic

achievement and intellectual development of children with epilepsy is significantly
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improved if seizures are well controlled (Austin et al, 1999; Zelnik et al, 2001). In adults,
the diagnosis of epilepsy often results in loss of driving privileges and employment.
Regaining these require demonstration of complete control of seizures over an extended
period of time in most countries. Seizure freedom is thus the all-important treatment goal

for the majority of patients with epilepsy.

1.1.4. Drug resistant epilepsy

There is now convincing epidemiological data to show that over 30 % of patients
diagnosed with epilepsy will never achieve lasting control of seizures with currently
available AEDs (Annegers et al, 1979; Cockrell et al, 1995; Mattson et al, 1996; Kwan
and Brodie, 2000). There is, however, no consensus in the literature as to what constitutes
drug resistant epilepsy. In epidemiological studies, the definition of drug resistant
epilepsy varies, both in terms of the number of AEDs tried and time from diagnosis (Berg
et al, 1996; Camfield and Camfield, 1996; Casetta et al, 1999; Lindsten et al, 2001). The
terms refractory epilepsy, intractable epilepsy and drug resistant epilepsy are usually used
interchangeably in this context. Whichever term is used, it encompasses a
multidimensional disorder in which uncontrolled seizures cause deleterious neuronal
plasticity with progressive cognitive decline, psychosocial dysfunction, reduced quality
of life and increased mortality (Kwan and Brodie, 2002). Early identification and
prediction of intractable epilepsy is of the greatest importance in deciding the timing of
epilepsy surgery in patients with suitable seizure types. There is now robust clinical data
to support the early use of surgical treatment in patients with refractory temporal lobe
epilepsy (Weibe et al, 2001). In appropriately chosen patients surgery can result in
seizure freedom, restoring quality of life and productivity. Yet, epilepsy surgery remains

one of the most underutilised treatment modalities in the world (Engel, 2001). The
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irreversible nature of surgery, along with fear of complications induces a degree of
reluctance in patients and physicians to consider this treatment option until all
pharmacological options have been exhausted. This approach to epilepsy surgery as a
‘last resort’ has resulted in patients suffering uncontrolled seizures for years before
having curative surgery (Sperling et al, 1996). Defining a situation where additional
medical treatment is unlikely to be successful can help optimise the timing of surgical

referral as well as help in clinical decision-making.

1.2, ‘Pseudo’-intractability

Patients fail pharmacotherapy for seizures for a variety of reasons. Non-compliance with
treatment, diagnostic error, failure to attend follow up for adjustments in AED dosage
and life-style factors can all cause AED therapy to be ineffective. While these patients
could be considered treatment failures, they are not pharmacoresistant in the true sense of
the word. Genuinely drug resistant patients form a hard core of all patients failing AED
therapy. When non-pharmacological treatments are being considered, pharmacoresistance
should be diagnosed only in patients who have a secure and accurate diagnosis of
epilepsy, are on adequate doses of appropriate AEDs, are compliant with treatment with

adequate serum, and therefore, presumably brain concentrations of AEDs.

1.2.1. Errors of diagnosis and classification

Diagnostic error is the most frequent cause of seizures failing to respond to treatment.
Failure to respond to appropriate doses of standard AEDs should, in the first instance,
prompt a review of the diagnosis. Common diagnostic pitfalls include wrong diagnosis of
epilepsy (NEAD, syncope) and incorrect diagnosis of seizure types. Video-EEG

monitoring is the only reliable method by which accurate diagnosis and classification of
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seizures can be carried out, and should be available to all patients failing drug therapy,

before non-pharmacological treatments are considered.

Non-epileptic attack disorders (NEAD) are common conditions (Benbadis and Hauser,
2000) and constitute a large proportion of cases referred for evaluation of possible seizure
disorders (Francis and Baker, 1999). Diagnosis of NEAD can be challenging as they can
co-exist with epilepsy, or may develop as substitute for seizures once epilepsy is
controlled (Kuyk et al, 1997). Psychological factors such as anxiety or stress, depression,
physical / sexual abuse and dysfunctional relationships are present in the majority of
patients (Moore and Baker, 1997). Many patients have an underlying conversion or
dissociation disorder or a borderline personality disorder. NEAD are classified into
episodes of apparent loss of awareness with convulsive movements or with little or no
obvious motor activity (swooning). These movements can involve uncoordinated
thrashing, back arching and pelvic thrusting. Patients do not have conscious awareness of
the attacks except in factitious disorder or malingering which are relatively rare (Betts

and Boden, 1991).

Syncope resulting in prolonged reduction in blood flow to the brain can cause
convulsions, which may be mistaken for seizures (Devinsky, 1994). History of attacks
provoked by pain or anxiety or on assumption of upright posture and preceded by facial
pallor and diaphoresis suggests a diagnosis of vasovagal syncope. The vast majority of
these attacks are associated with some motor activity. myoclonic jerking is observed most
commonly, but tonic and clonic movements or apparent automatisms may also be seen
(Lempert et al 1994). Anoxic convulsions can occur if the patient remains upright during

syncope or if cardiac out put remains low for a prolonged period of time, as may happen
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with cardiogenic syncope. These may not have any or very short lived premonitory
symptoms. ECG is mandatory in all patients presenting with episodes of collapse and 24-
hour tape, implantable loop recorders and tilt table testing may be indicated if a cardiac

cause or malignant vasovagal syncope is suspected.

Wrong classification of seizure types and syndromes can result in unsuccessful
pharmacological treatment. Physicians are reliant on descriptions given by third parties to
arrive at a diagnosis, but these are often highly unreliable. Diagnostic error arising from
this (e.g.: - complex partial seizures misdiagnosed as absences) can lead to inappropriate
drug selection. Wrong choice of antiepileptic drugs can potentially exacerbate epilepsy —
carbamazepine and GABA-ergic drugs can exacerbate idiopathic generalised epilepsy
especially myoclonic jerks and absences (See part I1, section 3.4). EEG employing
provocation (eg: sleep deprived EEG) or video-EEG monitoring should enable accurate

classification of seizures and rationalisation of drug therapy.

1.2.2. Non-compliance and lifestyle issues

Non-adherence to prescription is a major factor in failure of drug treatment. Non-
compliance is present in up to 50% of patients attending epilepsy clinics (Leppik, 1988).
Compliance can be assessed by asking patients about medication taking habits, serial
blood levels or by using automated monitoring devices. It has been suggested that once
steady state concentration has been achieved, if the variability between three separate
serum levels is less than 20-25%, compliance is likely (Leppik, 1988). Anti-epileptic
drug treatment in most cases lasts years and many patients miss the occasional dose.
Patients’ motivation to continue regular treatment depends on the degree of control

achieved (efficacy), adverse effects and possible consequences of loss of seizure control.
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It is often impossible to separate these elements. Thus, the eventual effectiveness of any
antiepileptic treatment is determined by both its efficacy and tolerability. As many
patients diagnosed with epilepsy will have a mild disorder, drugs with fewer adverse
effects are more likely to ensure better compliance than more potent but side-effect prone
drugs, and therefore more likely to produce a favourable treatment outcome. Abuse of
alcohol and drugs such as cocaine can cause seizures. Similarly, sleep deprivation and
stress can also precipitate seizures in some epilepsy patients. A history of substance abuse
is accompanied by non-adherence to prescription in large proportion of patients. Social
and lifestyle factors should therefore be taken into account when evaluating the efficacy

of drug treatment for epilepsy.

1.3. Refractory epilepsy — progressive or de novo?

Whether drug resistance occurs de novo in patients with epilepsy or arises as a result of
repeated seizures is a subject of debate. The concept of “seizures beget seizures” was
introduced by Gowers in the 19" century (Gowers 1881) and reinforced by the writings
of Rodin in the 1960s. A long history of seizures and high numbers of pre-treatment
seizures were thought to correlate with a poor outcome. This view was supported by
Reynolds and colleagues in the early 1980s and early treatment of seizures was
considered key to preventing the emergence of drug resistant epilepsy (Reynolds et al,
1983). Repeated seizures have been shown to cause neuronal loss and mossy fibre
sprouting in the hippocampus, which in turn can cause seizures by forming excitatory
recurrent circuits (Dalby and Mody, 2001, Holmes 2002). In humans, neuropsychological
studies have shown cognitive decline in patients with refractory epilepsy; the severity of
which is correlated with duration of epilepsy (Jokeit and Ebner, 2002). Cross-sectional

MRI studies have demonstrated smaller hippocampal volumes ipsilateral to seizure focus
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in patients with temporal lobe epilepsy and uncontrolled seizures (Theodore et al, 1999,
Kalviainen and Salmenpera, 2002). The degree of hippocampal volume loss was related
to the duration of epilepsy. Longitudinal studies employing repeat MRI scans have
demonstrated progressive hippocampal and temporal neocortical volume loss and have
suggested that neuronal loss is correlated to number of seizures (Briellmann et al, 2002,
Fuerst et al, 2003). Thus in mesial temporal lobe epilepsy, hippocampal sclerosis does
appear to be both the cause and consequence of seizures. Prevention of repeated seizures
by effective drug treatment could theoretically prevent neuronal apoptosis and synaptic

reorganisation, which cause further seizures.

On the other hand, studies in patients who have suffered seizures for several years,
sustaining 100 or more generalised seizures before coming to medical attention have
shown that a similar proportion go into remission as patients treated early after only a few
seizures (Feksi et al, 1991). Moreover, treatment with AEDs after the first unprovoked
seizure has been shown not to affect the long-term outcome, in spite of preventing
seizures in the short term (Hauser et al, 1990; Musicco et al, 1997; Camfield et al, 2002).
Several studies have shown a relationship of high initial seizure frequency with poor
outcome (Juul Jensen, 1964; Rodin, 1968; Reynolds, 1987; Beghi and Tognoni, 1988,
Sillanpaa, 1993). However, detailed analyses of data from observational studies have
shown that this is true only for patients suffering complex partial seizures (Shinnar and
Berg; 1996). It is likely that the epileptogenic process responsible for the high frequency
of partial seizures is inherently pharmacoresistant. Seizure type would thus appear to be
more important than seizure numbers in determining prognosis. This suggests that the

prognosis of each seizure disorder is an inherent property of that syndrome.
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1.4. Causes of true drug resistance

Despite advances in the field of cell biology, our understanding of the process of
epileptogenesis at the molecular level remains incomplete. A few well-defined epilepsy
syndromes of infancy and childhood have clear genetic basis, mainly mutations in ion
channel genes. These results in altered ion channel structure and function and are often
associated with catastrophic seizures (Berkovic and Scheffer, 2001). Disorders of
neuronal migration are also associated with drug resistant epilepsy, as are cerebral
tumours and trauma. Why such lesions result in hyperexcitability of neurons and
hypersynchronised discharge of a large number of neurons, however, is not fully
understood. The basic mechanisms that operate in rendering epilepsy pharmacoresistant,
therefore, also remain largely unclear. Several hypotheses on the mechanisms involved in
the evolution of drug resistant epilepsy have been proposed (Regesta and Tanganelli,
1999). These include ontogenic abnormalities in brain maturation, epilepsy induced
alterations in network neuronal and glial properties in seizure prone areas such as the
hippocampus, the phenomenon of kindling and reorganisation of cortical tissue in
response to seizure induced disturbances in oxygen supply. These however have to be

confirmed by studies in appropriate models of drug resistant epilepsy.

1.4.1. Neurobiology

Structural brain lesions have for long been known as a cause for epilepsy, these are
summarised in Table 1 (Vinters et al, 1993). The nature of the underlying lesion has a
strong influence on the prognosis of the seizure disorder (Semah et al, 1998; Stephen et
al, 2001). Modern imaging techniques allow accurate characterisation of structural

lesions, but histological diagnosis may be required to exclude malignancy in some cases
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1.4.2. Malformative

Disorders if cortical development have been increasingly recogonised as the underlying
cause for epilepsy since the advent of MRI. They include a spectrum of disorders of
abnormal cortical development and/or architecture with varying severity of epilepsy
summarised in Table 2. In recent years, there has been a greater understanding of their
genetic bases, clinical presentations and the mechanisms involved in epileptogenesis
(Guerrini and Carrozzo, 2002). Lissencephaly, the most severe abnormality of neuronal
migration, is characterised by absent (agyria) or decreased (pachygyria) convolutions.
Subcortical band heterotopia (SBH) is at the mild end of the agyria-pachygyria spectrum
and shows simplified gyral pattern with increased cortical thickness. Bilateral
periventricular nodular heterotopia (BPNH) consists of confluent and symmetrical
subependymal nodules of grey matter located along the lateral ventricle, particularly
along the ventricular body. Focal Taylor type cortical dysplasias have high intrinsic
epileptogenicity (Palmini et al, 1995). The epileptogenic zone often extends beyond the
visualised area and acute intraoperative electrocorticography is required to ensure
adequate resection. Tuberous sclerosis (TS) is an autosomal dominant, multisystem
disorder with a prevalence of 1:30000 to 50000. Most patients with TS have epilepsy;
infantile spasms are often an early manifestation. In the brain, TS is characterised by
cortical tubers, subependymal tubers and giant cell tumours (Guerrini and Carrozzo,
2002). Cortical tubers are directly related to epileptogenesis and show pathological
features similar to focal cortical dysplasia. They are well visualised on MRI as abnormal

gyri with atypical shape and abnormal signal intensity.
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1.4.3. Neoplastic

Intracranial mass lesions can be identified in around 15% of patients with intractable
epilepsy (Spencer et al, 1984). Low-grade gliomas and gangliogliomas constitute the
majority of lesions. Dysembryoplastic neuro-epithelial tumour (DNET) is a benign
tumour involving the cerebral cortex, which was first recogonised as a cause for epilepsy
in 1988 (Daumas-Duport, 1988). They appear as hypodense intracortical lesions on CT
scans and on MRI scans have a decreased T1 signal and high T2 signal. Lack of mass
effect and lack of surrounding oedema are characteristic features (Stanescu Cosson et al,

2001).
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Table 1. Structural brain lesions associated with epilepsy (adapted from Vinters et al,
1993)

Malformative

Cortical dysplasia

Microdysgenesis

Focal cortical dysplasia

Polymicorgyria

Lissencephaly / pachygyria Hemimegalencephaly
Vascular malformations

Arteriovenous malformation

Cavernous haemangioma

Familial and metabolic

With focal lesions, phacomatosis
Tuberous sclerosis
Neurofibromatosis
Encephalotrigeminal angiomatosis, Sturge-Weber disease
With diffuse lesions
Lysosomal enzyme deficiencies
Peroxisomal disorders
Mitochondrial enzyme disorders
Lipofuscinosis
Myelinopathies
Miscellaneous myoclonic epilepsies

Neoplastic

Gliomas Gangliogliomas

Metastatic tumours

Dysembryoplastic neuroepithelial tumour
Others

Cerebrovascular disease and trauma

Ischaemic
Haemorrhagic
Post-traumatic

Inflammatory / Infectious

Infective : Herpes encephalitis
Paraneoplastic: Limbic encephalitis
Autoimmune: Rasmussen’s encephalitis
Multiple sclerosis

Cerebral vasculitis

Degenerative

Eg: Alzheimer’s disease

Ammon’s horn (hippocampal) sclerosis
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1.4.4. Hippocampal sclerosis

Hippocampal sclerosis (HS) is the most common pathological finding in temporal lobe
epilepsy in surgical studies (See part II section 2.4). It is the most common underlying
cause for medically refractory temporal lobe epilepsy (Semah et al, 1998; Bocti et al,
2003). HS is characterised by tissue shrinkage, cell loss and reactive gliosis in all
hippocampal subfields as well as the entorhinal cortex. This process is triggered by an
initial precipitating injury, which is likely to be seizures in infancy (Mathern et al, 2002).
Occurrence of prolonged and / of complicated febrile seizures is associated with
hippocampal injury and can lead to the development of mesial temporal sclerosis in later
life (Lewis et al, 2002a). MRI scanning employing coronal slices perpendicular to the
long axis of the hippocampal structures can identify HS. The characteristic features are
atrophic hippocampus, increased signal on T2 weighted images and fluid attenuated
inversion recovery (FLAIR) sequences and decreased signal on inversion recovery
sequences (Kuzniecky et al, 1987; Cascino et al, 1991). HS coexists with a second
pathology, most commonly cortical dysplasia, in a high proportion of cases. (Bocti et al,

2003; Mohamed et al, 2001)

1.4.5. Infectious/Inflammatory

Inflammatory disorders affecting the brain often cause epilepsy that is difficult to treat.
Encephalitis usually causes neocortical epilepsy; however, both encephalitis and
meningitis can result in mesial temporal sclerosis if they occur early in life. The risk of
epilepsy is greater in patients with residual neurological deficits (Pomeroy et al, 1990).
Infections and infestations are an important aetiological factor in epilepsy in the
developing world. Neurocysticercosis is widely prevalent in several countries of Latin

America, Asia and sub-Saharan Africa. It is thought to be the most common cause of
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acquired epilepsy in many areas, although no studies have examined its relative
contribution to all incident cases (Pal et al, 2000). Generally, prognosis for seizure
control in neurocysticercosis is good and many patients are able to stop AEDs after
successful anti-helminthic treatment (Carpio, 2002). Nevertheless, the preventable nature
of cysticercosis offers the opportunity of reducing the disease burden of epilepsy in less

developed countries.

1.4.6. Immunologic

Autoimmune mechanisms, both cellular and humoral, have been known to cause seizures.
Rasmussen’s encephalitis, a rare disorder mainly of childhood, is characterised by
intractable partial seizures, unihemispheric inflammation with progressive neurological
deficit (McLachlan et al, 1993). It is thought to have an immunological basis. Antibodies
directed against the glutamate receptor GluR3 have been identified in some patients with
Rasmussen’s syndrome but this is not useful for diagnosis. It responds to treatment with
intravenous immunoglobulins and other immunomodulants, but some patients require
radical surgery for control of seizures. One study had reported increased prevalence of
antibodies to GluR3 receptors in patients with partial epilepsy who do not have
Rasmussen’s encephalitis (Wiendl et al, 2001). Patients with other autoimmune
conditions such as SLE are at increased risk of developing epilepsy (Palace and Lang,
2000, Table 3). Higher prevalence of glutamic acid decarboxylase, anticardiolipin and
antinuclear antibodies has been reported in patients with epilepsy compared to controls
(Eriksson et al, 2001; Verrotti et al, 2003). These have however not been convincingly
associated with pharmacoresistance. Studies to date have not demonstrated a major role

for immunologic mechanisms in the pathogenesis of pharmacoresistant epilepsy.
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1.4.7. Drug transporter proteins

Patients with pharmacoresistant epilepsy are by definition unresponsive to all AEDs. This
raises the possibility of a common mechanism underlying pharmacoresistance. The
removal of AEDs from their intended site of action by multidrug transporter proteins has
received much attention in recent years. Multidrug transporters are ATP dependent efflux
proteins, which include the P-glycoprotein (PGP) and multidrug resistance-associated
protein (MRP) family. PGP is a transmembrane glycoprotein, which is naturally present
in many organs (e.g.: - intestine, kidney) as well as the blood brain barrier and blood
testis barrier. Its natural function is believed to be absorptive or excretory and/or
protection from toxins and xenobiotics (Jette et al, 1995). Many traditional and new
AED:s are believed to be substrates for PGP (Loscher and Potschka, 2002). Studies in
mice have shown that deletion of the MDR1 gene, which codes for PGP, results in higher
brain concentrations of several lipophillic drugs (Schinkel et al, 1996). The MRP family,
which at present has seven members (MRP-1 - 7), act as organic anion transporters but
can also transport neutral organic drugs. They have overlapping substrate specificity with
PGP with several AEDs being substrates for both. Increased expression of MDR1 gene
was first identified in surgically resected tissue from patients with refractory partial
epilepsy in 1995 (Tishler et al, 1995). Since then, higher MRP1 and MRP2 levels have
been demonstrated in brains of patients with refractory epilepsy (Loscher and Potschka,
2002). High levels of expression of PGP and MRP1 have been found in reactive
astrocytes (Sisodiya et al, 2002) and neuronal elements (Aronica et al, 2003) of focal
cortical dysplasia, DNET and HS compared to histologically normal adjacent tissue.
These lesions are common causes for refractory epilepsy and PGP and MRP mediated

efflux of AEDs from the site of origin of seizures resulting in inadequate
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intraparenchymal concentrations could be one of the mechanisms underlying drug

resistance.

1.4.8. Genetics

Several genetic factors modify the pharmacodynamics and pharmacokinetics of AEDs
and can influence the response to treatment. Single nucleotide polymorphisms (SNP),
which are stable heritable alterations of single nucleotides distributed through the
genome, are the genetic markers of choice in pharmacogenomic studies (Part III, Section
1.2). They can occur in the coding regions of genes causing translational changes in the
proteins they encode, or regulate gene expression if they occur in promoter regions. SNPs
in genes coding for metabolising enzymes of the cytochrome P450 family can alter
metabolic activity and affect serum levels and brain concentrations for the substrate
AEDs (Ramachandran and Shorvon, 2003; Table 4). In spite of their influence on AED
concentrations, SNPs in cytochrome P450 genes have not been shown to be associated
with drug resistance in epilepsy. A SNP in the MDR1 gene resulting in increased
expression levels of PGP has been reported to be associated with drug resistant epilepsy
(Siddiqui et al, 2003). However, this observation has not been replicated (Sills et al,
2005). The contribution of any one gene in determining response to AEDs is likely to be
small (see part III, section 1.2). In animal studies, attempts at breeding a population of
phenytoin resistant amygdala kindled Wistar rats showed that phenytoin resistance could
be inherited, but does not follow simple Mendelian patterns (Ebert and Loscher, 1999). It
is likely that a large number of genes interact in complex ways to determine response to
any given AED. As technology develops, high density SNP and haplotype maps, higher
throughput genotyping technology and more powerful bioinformatics tools should enable

greater predictability of response to individual drugs.
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Table 4. AEDs and their metabolising enzymes of the cytochrome P450 family (adapted

from Ramachandran and Shorvon, 2003).

Cytochrome P-450 subtype AED substrate

Carbamazepine
CYP1A2 Phenytoin

Carbamazepine
CYP2A6 Losigamone
Sodium Valproate

Phenytoin
CYP2B6 Sodium Valproate
Mephobarbital

CYP2C18 Phenytoin

Phenobarbitone and other barbiturates
Phenytoin

Sodium Valproate

Zonisamide

CYP2C19

Carbamazepine
CYP2C8 Phenytoin
Trimethadione

Phenobarbitone
Phenytoin
Trimethadione
Sodium Valproate

CYP2C9

Carbamazepine

CYP2D6 Phenytoin

Felbamate
Phenobarbitone
CYP2E1 Phenytoin
Trimethadione
Sodium Valproate

Carbamazepine
Clonazepam
Ethosuximide
Ganaxolone
Phenytoin
Tiagabine
Trimethadione
Zonisamide

CYP3A4

CYP3A5 Phenytoin
Zonisamide

CYP3A7 Phenytoin
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1.5. When is epilepsy intractable?

For physicians treating epilepsy, a number of questions need to be answered before a
diagnosis of drug resistant epilepsy is made and non-pharmacological treatments
considered. How long should one persevere with AED treatment before diagnosing
pharmacoresistance? How many regimes should be tried before epilepsy is designated
refractory? Should combination treatment be tried early on, and if so, which ones? Are
some combinations better than others? This section will discuss some of the issues

surrounding these questions.

1.5.1. Duration of treatment

Longitudinal studies of treated epilepsy in children and adults show that the natural
history of the disorder can be recogonised early in the course of the disorder (Kwan and
Brodie 2000; Arts et al, 1999; Hauser et al, 1996). Patients who are likely to enter
remission tend to do so early, generally within the first year or two of starting AED
treatment. Similar patterns have been observed in other studies (Hauser, 1992). Response
to drug treatment, therefore, is usually obvious in the first two years of starting treatment.
Patients who continue to have seizures after this period have a low chance of subsequent

remission and should be evaluated in a comprehensive epilepsy programme.

1.5.2. Number of drugs

With the number of AEDs currently available, it is not possible to try all AED
combinations before epilepsy is deemed intractable. The issue is the number of
treatments the patient has to fail before the chance of success with further
pharmacological treatment is sufficiently low to consider the seizure disorder

pharmacoresistant. Historical and clinical trial data regarding the efficacy of individual
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AED:s in various seizure types can only be a guide to therapeutic decision-making. No
drug can be effective in all patients and patients who have not responded to one standard
drug might well benefit from alternatives (Camfield et al, 1997; Kwan and Brodie

2001a).

1.5.3. Polytherapy

Since the early 1980s, monotherapy has been considered the gold standard for
pharmacotherapy of epilepsy (Reynolds and Shorvon, 1981). Polytherapy was thought to
produce higher incidence of toxicity, cognitive side effects and drug interactions without
substantial improvement in outcome. This view has changed in recent years because of
two factors. The emergence of several new compounds, all initially licensed as adjunctive
treatment has moved combination therapy higher up the batting order. Moreover, certain
combinations have been shown to be synergistic (Brodie and Yuen, 1997; Pisani et al,
1999) and could succeed where monotherapy with individual drugs have failed. Tv;'o
randomised studies comparing alternative monotherapy to polytherapy found no
differences between the two groups with regard to seizure control and neurotoxicity;
however both involved small numbers of patients and were underpowered to detect small
differences (Deckers et al, 2001; Beghi et al, 2003). Thus, patients who develop
idiosyncratic reactions or have intolerable adverse effects on low doses their first AED
should be treated with alternative monotherapy. If patients achieve only suboptimal
seizure control at maximal tolerated dose of the first choice AED, a reasonable approach
would be to reduce the dose of the first drug and add in a second AED. The first agent
could then be withdrawn or the patient continued on combination treatment depending on

clinical response and side effects.
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When combination therapy is used, the selection of individual components should take into
consideration pharmacokinetic and pharmacodynamic interactions. Among the older AEDs,
phenobarbitone, carbamazepine and phenytoin are powerful inducers of hepatic microsomal
enzymes and can augment the elimination of other AEDs. When these drugs are co-administered
with valproate, lamotrigine, topiramate, tiagabine or oxcarbazepine, the elimination half-life of
the second drug is reduced (Patsalos et al, 2002). Conversely, when the enzyme inducing AED is
withdrawn, the serum concentration of the concomitant AED increases. Combinations based on
mechanism of action of individual AEDs have been proposed as a rational approach to
combining AEDs. The predominant mechanisms of action are known for the older AEDs and
mechanisms have been proposed for the newer ones. These are listed in Table 5.
Pharmacodynamic interactions can improve the efficacy (e.g.: - valproate with lamotrigine) or
cause adverse effects reducing tolerability (e.g.: - carbamazepine with lamotrigine). There is as
yet no Class I evidence to prove the superiority of any one combination over others, but studies
to date suggest that combinations of AEDs with different mechanisms of action are more likely
to produce favourable outcomes (Deckkers et al, 2000). Thus, combining drugs with sodium
channel blocking properties with GABA-ergic drugs may be better than the combination of two

sodium channel blockers.

1.6. Predicting intractability

There is convincing evidence from epidemiological studies that the early course of epilepsy is
predictive of its long-term outcome in the majority of patients. It should therefore be possible to
predict the development of intractable epilepsy using information available early in the course of
the disorder. Predicting the development of intractable epilepsy at the outset can help target early

specialist intervention and optimise patient outcomes. Several studies have addressed this issue
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over the years. There is considerable conflict among them in the factors found associated with
refractory epilepsy. This is mainly due to the differences in study populations, inclusion and
exclusion criteria, and definition of the individual factors. Ideally, studies of prognosis should be
population based, prospective and should follow patients up form the same point in the course of
their epilepsy (first seizure, start of treatment) to minimise bias (Shorvon 1984). However, such
studies require immense resources and few have been carried out. Separate univariate analysis of
prognostic factors is simplistic and can give distorted picture of the importance of each factor.

Multivariate analysis techniques will allow the relative importance of each factor to be assessed.

1.6.1. Seizure type and epilepsy syndrome

As stated above, seizure types and the underlying epilepsy syndrome probably have the strongest
influence on the prognosis of epilepsy. Several studies, especially in adults, have found that
patients with localisation related epilepsy are more likely to be drug resistant than those with
idiopathic generalised epilepsy (Annegers et al, 1979; Goodridge and Shorvon 1983; Elwes et al,
1984; Mattson et al, 1996; Cockrell et al, 1995; Aikia et al, 1999). Similarly, the presence of
mixed seizure types has been found associated with a poor outcome in studies in both adults and
children. (Goodridge and Shorvon, 1983; Brorson 1987; Beghi et al, 1988; Arts et al, 1999;

Aikia et al, 1999).

1.6.2. Aetiology

Remote symptomatic seizures (those occurring more than a week after cerebral insult) have
consistently been associated with a poor outcome in several studies. (Sillanpaa, 1993; Ko et al,
1999; Hauser et al, 1996; Casetta et al, 1999; Aikia et al, 1999; Berg et al, 2001). Perinatal

hypoxia or intracranial injury, associated with neonatal seizures can cause epilepsy in later life in
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approximately 30% of infants (Watanabe et al, 1980). The relevance of perinatal injury to the
prognosis of adult onset epilepsy is doubtful. Moreover, obtaining accurate birth history from
adult patients is difficult and is prone to inaccuracies. Studies in patients attending epilepsy
centres have found wide variation in response rates amongst patients with symptomatic epilepsy
due to various causes (Semabh et al, 1998; Stephen et al, 2001). This suggests that the nature of

the cerebral insult has a bearing on the prognosis of epilepsy.

1.6.3. Age at onset

Studies in children suggest that onset of epilepsy before the age of 12 months is a poor
prognostic factor (Camfield et al, 1993; Ko et al, 1999, Casetta et al, 1999). Some studies in
adults have found an association young age at onset with a poor prognosis (Aikia et al, 1999). It
is likely that the difference in prognosis with age is a reflection of the epilepsy syndromes that
are prevalent in the various age groups. Multivariate analyses of prognostic factors in both
children (Berg et al, 2001) and in adults (Elwes et al, 1984, Lindsten et al, 2001) have found no

independent correlation of age at onset with prognosis after other factors were accounted for.

1.6.4. Number of pre treatment seizures

Some authors have found high seizure numbers indicative of a poor prognosis in children (Beghi
et al, 1988, Arts et al, 1999). Camfield and colleagues observed this effect only in patients
suffering more than 20 seizures (Camfield et al, 1993). Studies in the developing world have
suggested that good response to treatment could be obtained in patients who have suffered
several generalised tonic clonic seizures prior to coming to medical attention (Feksi et al, 1991).
Time from onset to starting treatment also has no significant impact on outcomes. However,

some studies in adults and children have found a correlation of number of seizures over unit time
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(seizure frequency) with prognosis (Elwes et al, 1984; Brorson et al 1987; Casetta et al, 1999;

Berg et al, 2001).

1.6.5. Concomitant morbidity (Neurologic, Intellectual, Psychiatric)

Studies in children have found the presence of neurological deficit, especially associated with
mental retardation indicative of a poor prognosis (Brorson et al, 1987; Hauser et al, 1996; Arts et
al, 1999; Berg et al, 2001). The effect is less pronounced in adults although some studies have
reported such an association (Elwes et al, 1984). Psychiatric problems are more frequent in
patients with epilepsy, and association with refractory epilepsy has been reported before (Elwes
et al, 1984). It is possible that the presence of a psychiatric co-morbidity early in the course of
epilepsy points to a greater underlying cerebral dysfunction and is therefore predictive of a poor

outcome.

Epilepsy is a multifaceted disorder. Seizures are just one manifestation of an underlying cerebral
dysfunction. A high percentage of patients with epilepsy have other neuropsychiatric disorders,
especially depression. There is emerging evidence to support a close relationship in the
pathogenesis of epilepsy and depression (Kanner and Balabanov, 2002). It is likely that the same
or related process is responsible for the coexistence of the two disorders. Similarly, many
patients have impaired memory function. Impaired memory performance at the outset has been
reported to be predictive of poor outcome (Aikia et al, 1999). There is no evidence to suggest
that currently available AEDs modify the underlying processes. The therapeutic effect is merely
suppression of the external manifestation, namely seizures and they are perhaps more accurately
described as anti-seizure drugs. This being so, one could argue that all epilepsy is in essence

refractory, as all that is achieved is control of symptoms (Hauser, 1992).
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1.6.6. Febrile seizures

Febrile seizures have an almost uniformly benign prognosis. Epidemiological studies have found
no causative association between febrile seizures and epilepsy. However, approximately 3% of
patients develop epilepsy in later life (Knudsen, 2000). Complex febrile seizures (i.e. those that
are prolonged, focal or recur within the same day), those occurring in children with pre-existing
neurological deficit, and family history of epilepsy in a first degree relative all confer a higher
risk of developing epilepsy. As discussed above, there is an association between febrile seizures
in infancy and the development of HS in later life. However, the effects of seizures on the

developing brain remain incompletely understood.

1.6.7. Family history of epilepsy

Studies in children (Berg et al, 2001) and adults (Elwes et al, 1984) have reported association of
family history of epilepsy and a poor prognosis. In generalised epilepsy syndromes, this could be
explained by genetically mediated mechanisms causing epilepsy, which might also be
responsible for determining response to drugs. However, the occurrence of genetically mediated
malformations of cortical could influence response to treatment in patients with focal epilepsies
(Guerrini and Carrozzo, 2001). The relative contribution of these lesions to intractable epilepsy
is unknown (see part II, section 2.4). Many patients, especially in the pre-MRI era, could have

had undetected malformations of cortical development, causing intractable seizures.

1.6.8. EEG findings
Some studies, mainly in children, have found correlation of background slowing and focal spike
and wave activity with a poor outcome (Ko et al, 1999; Aikia et al, 1999; Berg et al, 2001). EEG

performed soon after seizures are more likely to detect such abnormalities, and are likely to have

53



greater prognostic value. Studies in adults have not found EEG to be independently predictive of
outcome after adjusting for other factors (Elwes et al, 1984, Lindsten et al, 2001). Thus, in

adults, the prognostic value of routine interictal EEG remains uncertain.

1.6.9. Response to first drug

Several studies have found the response to the first AED to be the strongest predictor of long-
term outlook (Sillanpaa 1993; Camfield and Camfield 1996; Kwan and Brodie 2000; Dlugos et
al, 2001). Patients whose seizures continue despite adequate doses of an appropriate AED have a
significantly lower chance of subsequent seizure remission. Moreover, those who fail the first
drug due to lack of efficacy seem to have a worse prognosis compared to those who do not

tolerate the initial monotherapy agent (Kwan and Brodie, 2001).

1.7. Conclusions

Epilepsy is the most common serious neurological disorder affecting 0.5 to 1% of the population.
Approximately one in three of patients diagnosed with epilepsy will never achieve lasting
remission of seizures with currently available AEDs. These patients continue to suffer the
physical, psychological and social consequences of intractable seizures and adverse effects from
escalating drug burden. They also represent a massive burden on health care resources the world
over. While there is a clear need for new AEDs with novel mechanisms of action, there is also a
need to target available treatments, especially epilepsy surgery, more effectively. Early
identification and prediction of patients likely to be unresponsive to drug therapy will allow
earlier specialist intervention. Advances in cerebral imaging and molecular biological techniques
have allowed a greater insight into the mechanisms underlying seizure generation and

propagation. However, this knowledge is far from complete. The basic mechanisms of drug
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resistance in epilepsy also remain largely unclear. Epidemiological data over the years have
identified several factors that correlate with a poor prognosis in children and adults, although
some of this data is conflicting. Similarly, pharmacogenomic studies employing more
sophisticated genotyping and bioinformatics technologies promise greater predictability of
response to individual AEDs. More long-term studies are required to assess the prognosis of each

epilepsy syndrome.

Studies to date show that the early response to treatment is a powerful predictor of the long-term
outlook of newly diagnosed epilepsy. Thus, a patient who does not achieve complete seizure
control with the first two to three regimes (including combinations) of AEDs in the first one to
two years after starting treatment, is unlikely to achieve complete control of seizures and could
be considered to have drug resistant epilepsy. A uniform definition of intractable epilepsy that
will fit all patients is, however, elusive. When drug therapy produces only less that complete
control of seizures, the decision to pursue non-pharmacological treatments should be made on an
individual case basis, taking into account the patients’ expectations, social circumstances and

likely prognosis of the specific seizure disorder.
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2. Assessing the efficacy of antiepileptic drugs

2.1. Introduction

The epilepsies are a group of heterogeneous, multifaceted disorders that have physical,
psychological and social implications (Engel, 2001a). Nine new chemical entities have been
licensed world wide for the prevention of seizures since the late 1980s (Dichter and Brodie,
1996; Brodie and French, 2000). Nevertheless, only 60-65% of patients achieve remission with
currently available antiepileptic drugs (AEDs, Annegers et al, 1979; Cockrell et al, 1995;
Mattson et al, 1996; Kwan and Brodie, 2000). There is clearly a need for more new AEDs with
novel mechanisms of action (Brodie, 2001). Trials conducted to assess AEDs vary in their
design, methodology and end points depending on who wants the information from them.
Regulatory authorities look for evidence of efficacy and safety, while patients and doctors seek
data on longer-term clinical utility and tolerability. The pharmaceutical companies hope to meet
the requirements of all parties. Most trials aimed at demonstrating efficacy to meet regulatory
demands do not provide clinicians with the information necessary to make treatment decisions

(Haynes et al, 2002).

The setting for regulatory clinical trials is necessarily artificial, the findings from which might
not be reproducible in ‘real life’. Nevertheless, stringent patient selection based on strict
protocols and exclusion criteria are necessary to safeguard patients in these trials and to provide
unequivocal evidence of efficacy for regulatory authorities (Moher et al 2001). Once efficacy in
controlling seizures and reasonable safety have been demonstrated, a license is obtained, initially
as adjunctive treatment and then as monotherapy, and clinicians can start to gain experience with
the drug and decide its place in the therapeutic armamentarium. Indications, titration schedules

and recommended doses can change and new adverse effects come to light in the post-marketing
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period, which may have important implications for the drug's therapeutic usefulness. To
adequately evaluate benefits and risks of treatment for chronic diseases, systematic reviews
should consider data from observational studies in addition to randomised controlled trials

(Elphick et al, 2002).

Observational studies can be useful adjuncts to randomised, controlled trials to see whether the
demonstrated efficacy translates into effective treatment in routine clinical practice (Pocock and
Elbourne, 2000). The following section will touch on some of pre- and post-licensing efficacy
issues that need to be addressed before the value and usage of a drug can be determined with any

degree of certainty.

2.2. Regulatory issues

While regulatory authorities require proof of efficacy and safety before a license can be granted,
there are differences in what is acceptable in different parts of the world. The requirements for
licensing an AED as add-on in patients with refractory epilepsy are largely non-controversial.
Placebo-controlled, add-on studies usually include a range of randomised doses for the new
AED. The aim is to show a clinically useful dose-response relationship, ideally including a non-

effective dose, which will help identify the effective dosage range.

When a monotherapy claim for newly diagnosed epilepsy is requested, the Food and Drug
Administration (FDA) in the United States usually insists on two randomised double blind trials
showing evidence of superiority of test drug over control as proof of efficacy (Temple, 1982).
As many patients with newly diagnosed epilepsy will have their seizures controlled with the first

AED chosen (see part I, section 1.3) often at modest or moderate dosage (part II, section 4.3) a
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dose response relationship can be difficult to identify in this population (Chadwick, 1998;

Privitera et al, 2003).

The European Agency for Evaluation of Medicinal Products (EMEA) recommends trials using
established AEDs as controls (active control). Demonstration of ‘no difference’ between the new
drug and established treatment can be accepted as evidence of efficacy. Although no placebo-
controlled trials have been carried out using the traditional AEDs, sufficient historical evidence
exists to support their efficacy (Chadwick, 2001a). Active control trials can, therefore be
considered valid if they reproduce the setting in which the comparator has been shown to be
effective and for which it has been licensed by the regulatory authority. One advantage of active
control studies is that they allow the new agent to be tested as monotherapy for the population of
patients in whom it will later be licensed. The FDA takes the view that "equivalence" between
the test drug and active control could be simply due to lack of efficacy of both or because the
trial lacked sufficient sensitivity to differentiate between them (Leber, 1989). A number of
strategies have been developed to overcome this dilemma, including high dose versus low dose

or "pseudoplacebo” in withdrawal to monotherapy designs.

2.3. Adjunctive trials

All new AED:s are initially studied as adjunctive treatment in patients who continue to have
seizures despite treatment with one or more AEDs. The use of placebo in this setting is not
considered unethical as patients are already on treatment with conventional drugs and are
protected from status epilepticus by their baseline medication. They are required to have a
defined number of seizures per unit time (e.g. 4 per month) to be eligible for inclusion in a

regulatory trial. In the pre-treatment phase, existing therapy remains stable and baseline seizure
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frequency is recorded usually over 8 weeks. Modern studies tend to follow a parallel group
design. Crossover studies have largely gone "out of fashion" because they are regarded as
methodologically less sound. Patients with partial seizures with or without secondary
generalisation are recruited initially, since there still is substantial need for effective treatment in
this patient population (Semah et al, 1998; Stephen et al 2001). Similar studies in the generalised
epilepsies are sometimes undertaken later although these are often slow to recruit (Biton et al,

1999). Efficacy against typical absences or myoclonic jerks can be difficult to demonstrate.

2.3.1. Crossover studies

This design involves patients receiving the drug and placebo randomly in two separate treatment
phases separated by a washout period. Vigabatrin (Mumford and Dam, 1989) and lamotrigine
(Stephen and Brodie, in press) underwent European regulatory programmes based on
randomised, placebo-controlled, crossover studies. This design allows the effects of drug and
placebo to be studied within subjects and can be particularly useful early in the development
programme (Richens, 2001). There is a fundamental requirement for seizure numbers to remain
stable and predictable. Only if seizure frequency returns to baseline when the first treatment is
stopped can the second be evaluated under identical conditions. This can be a problem as many
patients tend to be recruited during a period of exacerbation of their seizures which may remit
over time irrespective of therapy. Furthermore, if there has been a clear beneficial effect during
the first period of treatment, there are ethical concerns about switching patients and consent for
the second period might not be forthcoming. Carry over effects can also influence results from
the second period. In addition, if the response to or toxicity with the test drug is clearly different
from that of placebo, blinding can be difficult to maintain. For these reasons, regulatory

authorities are unlikely to accept crossover trials as primary proof of efficacy. However, useful
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information on dose ranging, pharmacokinetic interactions and side-effect profiling can be

obtained using this design (Leach et al, 1997).

2.3.2. Parallel group studies

This is regarded as the design of choice for the regulatory assessment of efficacy of new AEDs
as adjunctive therapy in difficult-to-control epilepsy. Patients are randomised to receive one of
several doses of drug or matched placebo. Groups are compared for measures of efficacy and
tolerability. This design has the advantage that it is suitable for all stages of drug development
and a range of dose levels can be included in the same study. The necessity for the seizure
disorder to be stable is not vital in this design because the comparison is between rather than
within subjects. Dose-response studies need to be carried out with compounds seeking approval
as adjunctive therapy and demonstration of a clear-cut dose-response relationship reassures all

concerned that efficacy has been demonstrated.

Results from these trials can be complicated by potential pharmacokinetic and pharmacodynamic
drug interactions. Some limitations may be placed on the number and types of baseline AEDs to
help minimise these problems, but they cannot be wholly eliminated. It can be argued, indeed,
that such studies assess the efficacy and tolerability of AED combinations rather than the drug
under study. Giving lamotrigine to patients already taking sodium valproate will produce a
better response than those established on carbamazepine or phenytoin (Brodie et al, 1995).
Indeed, synergism between sodium valproate and lamotrigine has been confirmed in an open,
response-conditional, crossover design employing concentration measurement (Pisani et al,
1999). The combination of carbamazepine and lamotrigine, on the other hand, is more likely to

produce neurotoxic side-effects due to an adverse pharmacodynamic interaction between the
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drugs (Brodie et al, 1995; Pisani et al, 1999; Patsalos et al, 2002). Combination effects may also
explain the substantial efficacy of the GABA-ergic AEDs, vigabatrin and tiagabine, as add-on
therapy in refractory epilepsy; (Marson et al, 1997; Deckers, 2001) which was less impressive
when the drugs were used as monotherapy in newly diagnosed localisation-related epilepsy

(Brodie et al, 1997; Chadwick, 1999).

2.4. Monotherapy trials

Evidence of efficacy from add-on studies has to be available before such studies can be
contemplated. Most patients with untreated epilepsy can expect to have their seizures controlled
with one AED (Kwan and Brodie, 2000). The use of placebo control in patients with newly
diagnosed epilepsy can be regarded, therefore, as ethically dubious (Chadwick and Privitera,
1999). For regulatory purposes, the FDA accepts only evidence of superiority over control as
proof of efficacy. There are difficulties in designing clinically relevant monotherapy trials that
meet their requirements. Randomising patients to placebo alone could be interpreted as being at
odds with the Declaration of Helsinki which stated that, “In any medical study all patients -
including those in the control group, if any - should be assured of the best proven diagnostic and
therapeutic method”. A revised version, issued in October 2000, included a new section (section
29) which stated “The benefits, risks, burdens and effectiveness of a new method should be
tested against the best current prophylactic, diagnostic and therapeutic methods”
(www.wma.net/e/policy/17-c_e.html). If interpreted literally, this would appear to rule out

placebo-controlled trials, whenever licensed therapeutic options already exist.

However, judicious use of placebo is sometimes essential to establish the efficacy of new

treatments (Lewis et al, 2002). A further "clarification" of this section issued in October 2001
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stated that placebo controlled trials may be justifiable even when effective treatments are
available if there are compelling and scientifically sound methodological reasons for their use
with the caveat that patients subjected to placebo treatment are assured of no serious or long-
lasting harm. In the context of epilepsy, this could be interpreted to mean that the use of placebo
alone is justified only when genuine doubt exists as to the effectiveness of the treatment being
evaluated (e. g. following first unprovoked seizure), or when the risks from further seizures are

low (e.g. absence seizures).

In an attempt to avoid the ethical problems of using placebo controls, low doses of the study drug
or suboptimal doses of a standard AED have been used as a “pseudoplacebo”. The rationale for
this has been that while a low dose will protect against catastrophic seizures, it will have little
effect on the overall number of partial seizures (Schwabe, 2001). There is, however, no evidence
to support this. In addition, it can be argued that the using a drug at a dose intended to be
ineffective is equivalent to using a placebo. A number of innovative study designs have been
used to satisfy regulatory requirements while maintaining patient safety. These “therapeutic
failure” paradigms require the demonstration of worse seizure control in the low dose compared
to the high dose group (Pledger, 2001). Even with tightly defined exit criteria, ethical concerns

remain with such approaches (Perrucca and Tomson, 1999).

2.4.1. Pre-surgical withdrawal

These studies are carried out in patients who have had their AEDs discontinued as part of seizure
localisation investigations prior to possible epilepsy surgery. Patients are randomised to the study
drug or placebo control and are monitored until they meet pre-defined exit criteria. These can

include a specified number of seizures, worsening of seizure severity, or completion of a period
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on treatment. Primary efficacy variables are usually time to exit and the percentage of patients

completing the study. This design can be used as "proof of concept" for AED efficacy.

Such protocols tend to last short periods (hours to days) and yield little clinically relevant
information. Drugs that exhibit delay in onset of full clinical effect (e.g. sodium valproate) and
those that show tolerance (e.g. benzodiazepines) may not be suitable for this design. Once the
patient has had sufficient number of seizures for the purpose of localisation and video-
monitoring has been discontinued, any further episodes will be for the benefit of the study alone.
Modifications have been suggested to address such remaining ethical issues (Bien and Elger,

2001; Binnie, 2001a).

2.4.2. Conversion to monotherapy

Patients with difficult-to-control epilepsy taking AEDs are randomised to receive active drug or
control. The original AEDs, usually one or two, are then tapered off in responders who are then
maintained, if possible, on the new monotherapy. The use of placebo would be unacceptable in
this population of patients and, therefore, suboptimal comparators (low dose of study drug or of
another AED) are used instead as controls. The aim is to show that significantly more patients
can be maintained on monotherapy with the study drug at high than on low dosage (Gilliam et al,
1998). Exit criteria are defined in terms of number and severity of seizures. This follows clinical
practice to a limited extent inasmuch as it seeks to withdraw concomitant AEDs in patients
whose seizures are controlled when a new drug is added (Kalviainen, 2001). However, target
doses of the study drug are usually fixed and the substitution protocol is often rigid. Maintaining
responders on monotherapy for an extended period can yield valuable safety information. These

studies have a variable track record in demonstrating efficacy of new AEDs as monotherapy and
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ethical concerns surrounding the use of pseudoplacebos remain. A recent proposal under
discussion is to drop the low dose comparator and compare the withdrawal rate on high doses of

new AEDs with "historical" controls from previous trials.

2.4.3. Active control

These trials are carried out in drug-naive patients with newly diagnosed epilepsy. The study drug
is compared to standard doses of an established AED using a randomised, double-blind design.
This approach has the advantage of comparing the new drug head-to-head with standard
treatment without the confounding effect of co-medication withdrawal. As the majority of newly
diagnosed patients experience seizure remission with the first AED chosen, often at low or
moderate dosage, demonstrating superior efficacy will require large numbers of patients
followed-up over long periods of time using a flexible dosage design. Demonstrating
'equivalence' is usually accepted as evidence of efficacy by European regulators. These active-
control studies aim to show that the study drug is not inferior to the standard AED which has
historically been shown to be effective for the seizure type under study. Although the scientific
validity of this design have been questioned (Beydoun and Milling, 2001), it would seem to be a
logical method of assessing the effectiveness of AEDs drugs as potential first choice treatment in
newly diagnosed epilepsy. Furthermore, there are fewer ethical implications in these types of

studies, which are largely acceptable to patients and doctors (Karlawish and French, 2001).

Methodological integrity is important in equivalence studies. It is not acceptable to carry out the
trial as a comparative study and interpret the lack of statistically significant difference as definite
proof of equivalence (Jones et al, 1996). The null hypothesis is that there exists a difference

between the treatments (delta — the confidence interval around equivalence). If this is rejected,
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the alternative hypothesis, ie that the treatments are equivalent, is accepted. In demonstrating
clinical equivalence, the limits of difference with respect to important outcomes such as seizure
remission should be decided at the design stage. For AEDs, this is usually taken as 10%. If the
study drug is shown to be no more than 10% different form the active comparator, it can be
assumed that it is at worst 10% inferior to standard treatment (Chadwick, 2001). Sample sizes
need to be large, although optimal numbers can be guaranteed by using a sequential design
(Whitehead, 2001). Intention to treat analysis is no longer conservative and per protocol analysis
should also be presented (Brodie et al, 2002). European regulators have ruled that delta should
be set as far as possible from the placebo zone and that the natural history of the disorder should

be taken into account when deciding it (Chadwick, 2001a).

Active control trials have been criticized in the past over choice of doses and titration schedules.
If the established comparator is started at a low dose and titrated to moderate dosage in
accordance with normal clinical practice, this may be interpreted as introducing bias in favour of
the efficacy of the trial drug. If however more aggressive regimes are employed, the tolerability

of the new AED can appear exaggerated.

2.5. Clinical end points

All new AED:s are initially evaluated as add-on treatment for patients with seizure disorders not
controlled with one or more standard agents. Once adjunctive studies have proven the efficacy of
the trial drug, a monotherapy programme can be initiated. Complete seizure control is not
regarded as a realistic end point for the majority of patients with refractory epilepsy. Standard
end points are manipulations in the number of seizures between the baseline and treatment
periods. Seizures can be difficult to count especially if they occur in clusters (French, 2001).

Distinguishing between the various types can also be problematic. The non-parametric nature of
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the data can make analysis challenging. While seizure frequency can only be decreased by 100%,
it can be increased infinitely. Several non-parametric paradigms have been devised to address
this problem. The response ratio, for example, allows for normalization of the percent change in
seizure frequency which always falls in the range of —100 to + 100 (UK Gabapentin study group,

1990; US Gabapentin study group, 1993).

2.5.1. Changes in seizure frequency

Seizures are counted over a defined period of time, e.g. 1 or 3 months, and the number occurring
in patients receiving the test drug is compared with that in controls. When analysed as a
continuous variable, seizure frequency is the most sensitive measure of efficacy and should be
used whenever possible (Chadwick, 1998). However, skewed distribution can make data
handling difficult using standard statistical methods without transformation. Percentage
reduction in seizure frequency between baseline and treatment periods, although superficially an
attractive alternative, is prone to be unduly influenced by outliers. Analysis using seizure
frequencies during baseline and treatment periods (transformed if necessary) as covariates can be

regarded as a better option.

2.5.2. Proportion of responders

When patients exhibit seizures within a wide range suggesting non-normal or multimodal
distribution, frequency has to be assessed as a dichotomous (binary) variable. Percentage of
subjects with 50% (or some other arbitrary figure) reduction in seizure frequency can be
compared among groups. One advantage of such an analysis is that it has been used frequently
and, therefore, allows comparisons with previous studies using different AEDs (Marson et al,

1996). A minimum of 50% reduction in seizure frequency is the dichotomous cut off point
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usually quoted in clinical trials. This is arbitrary, however, and may miss important differences
between treatments. Categorisation of seizure frequencies can be used instead of a single cut off
point; e.g. 0-19%, 20-39%, 40-59%, >75% reductions etc (Chadwick, 1998). Seizure freedom is
not generally quoted as a primary outcome measure, because of the refractoriness of epilepsy in
this population and the use of predetermined titration schedules and fixed doses of AEDs.

Nevertheless, this observation is probably underused.

2.5.3. Seizure free days

In studying the effect of levetiracetam in patients with refractory epilepsy, French and colleagues
(French et al, 2000) reported an analysis of seizure-free days to determine efficacy. This was
carried out by evaluation of seizure diaries. In contrast to standard analyses, where the total
number of seizures in a set period of time are counted, this approach looks at each day
individually to see whether or not a seizure has occurred. Such day by day evaluation can allow
seizure patterns and response timings to be addressed. One aim of this approach is to obtain a

flavour of the time-to-effect with the test drug compared to placebo control.

2.5.4. Time to n™ seizure

Time to first seizure is a commonly quoted end point for monotherapy trials especially in
presurgical withdrawal studies. It has been shown that this type of analysis can be applied
equally to adjunctive trials with fixed treatment periods (Pledger and Sahlroot 1993). This
outcome measure has also been used in active control monotherapy comparisons (Chadwick et
al, 1999; Brodie et al, 2002). One potential pitfall in newly diagnosed epilepsy is excluding the
possibility that any difference between the new and established agent in time to first seizure was

a consequence of differences in titration schedules or maintenance dosing. These values are
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usually well known for the older agents, but not necessarily for the new AED at the time of the
study. Time to second, third, fourth seizure etc can be more useful endpoints (Brodie et al,

2002).

2.5.5. Seizure severity

Even if a treatment does not abolish seizures completely, reduction in severity can be achieved.
Examples are fewer secondary generalised seizures in relation to numbers of complex partial
seizures or fewer complex partial compared to simple partial events with awareness retained.
Shortening of the post-ictal recovery period could allow patients to return to normal activity
sooner following a seizure. Three scales are available to measure the severity of seizures. These
are the Veterans Administration Seizure Severity and Frequency Rating Scale (Cramer et al,
1983), the Liverpool Seizure Severity Scale (Baker et al, 1991) and the National Hospital Seizure
Severity Scale (formerly known as the Chalfont Seizure Severity Scale; O’Donaghue et al,
1996). Each has its strengths and weaknesses (Cramer, 2001; Cramer and French, 2001). New
instruments addressing their shortcomings are in development (Cramer et al, 2002). Seizure
severity scales need to be reliable, valid and sensitive. Although the psychometric properties of
these scales are well established, there is little evidence to support their clinical utility. Until
more data become available, seizure severity scales cannot be recommended as standard

outcome measures in evaluating the efficacy of AEDs (Baker et al, 1998).

2.5.6. Electroencephalography (EEG)
Once a drug has demonstrated anti-seizure activity in animal models, the decision whether to
proceed with clinical development is a commercial one. Pivotal studies in man require prolonged

administration over months in many patients with several types of seizures. This programme
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takes years to complete and demands considerable resources. Preliminary evidence of efficacy is
valuable to help with decision-making. Surrogate endpoints, such as electroencephalographic
changes, can provide indications of potential efficacy. Generally, epileptiform discharges do not
correlate with the severity of the seizure disorder (Binnie and Stefan, 1999). Nevertheless, under
standard recording conditions meaningful effects of AEDs may be demonstrable in patients with
suitably high and stable rates of epileptiform EEG discharges (Milligan et al, 1982). Acute
experiments require a rapidly effective formulation of the drug (preferably intravenous) tested
under rigorously standardised conditions. The drug is usually compared to both placebo and an
active control (e.g. diazepam) employing a crossover design. The primary outcome measure is
the spike count per minute or the percentage of the total recording occupied by discharges.
Subacute experiments can be carried out over longer time periods (e.g. 24-48 hours) using
telemetry or ambulatory EEG monitoring. These reduce problems with spontaneous variation in
the rate of epileptiform discharges. This can also be achieved by measuring evoked responses
such as the photoparoxysmal response in photosensitive subjects. Reduction in photosensitivity
can be demonstrated after a single dose of various AEDs at clinically relevant plasma
concentrations (Rowan et al, 1979). However, less than 1% of patients with epilepsy are suitable

for such studies and the scarcity of subjects is a major limitation in recruitment (Binnie, 2001b).

Surrogate measures of efficacy using EEG techniques have not been widely used in the
development of new AEDs, with the possible exception of lamotrigine, which underwent
assessment for interictal spikes (Jawad et al, 1986) and photosensitivity (Binnie et al, 1986).
While suppression of epileptiform discharges may encourage further development of the drug,
lack of such efficacy should not be grounds for termination of development. The decisive test of

efficacy for any AED is whether it prevents seizures and the earlier that this is demonstrated the
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better. Attempts to use intensive EEG monitoring to support efficacy claims in absence epilepsy
and severe epilepsy syndromes in infants have been tried with variable success (Frank et al,

1999; Sundqvist et al, 1999; Mattia et al, 2000; Stodieck et al, 2001; Gaily et al, 2001).

2.6. Effectiveness

2.6.1. Long term retention studies

The effectiveness of an AED is a function of its efficacy and tolerability. The single most
relevant outcome measure that reflect both these factors is the life table that expresses the
retention of patients on a particular treatment over a length of time (Mattson, 2001). Treatment
with the investigational drug is withdrawn when a predetermined combination of insufficient
seizure control and /or poor tolerability is reached. This approach conforms to everyday practice
and can provide useful clinical information. Long-term retention on the investigational drug is
useful for add on and monotherapy studies and in the post marketing phase. In monotherapy
studies, lack of efficacy would result in inadequate seizure control and therefore lead to
withdrawal, but in patients with poorly controlled epilepsy undergoing add on trials, a drug with
only modest efficacy may be continued long term if adverse effects are mild. This needs to be

taken into account while planning and interpreting these studies (Chadwick, 2001a).

Regulatory authorities seek, over and above everything else, evidence of efficacy. Long term

retention time alone does not provide this and, hence, life table analysis alone is less suitable for
regulatory trials. In addition, if patients are withdrawn from the trial for reasons other than those
related to efficacy and tolerability (e.g. inappropriate titration schedule, poor compliance, lost to

follow up etc) the results can be misleading. In such circumstances, the analysis can be done
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