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  Towards a clinically meaningful definition of drug-resistance


  Alexis Arzimanoglou, Philippe Ryvlin


  Epilepsy, Sleep and Pediatric Neurophysiology Dept. and CTRS-IDEE (Institute for Children and Adolescents with Epilepsy), Hospices Civils de Lyon, France

  


  Nearly 30% of patients with epilepsy are not controlled by currently available antiepileptic drugs and/or surgical procedures. Consequently, it is not surprising that terms like “drug-resistant seizures or epilepsy”, “pharmaco-resistant epilepsy”, “refractory epilepsy” or “intractable epilepsy” are abundantly used in the epilepsy literature. What is surprising is that very often terms used are not defined or that the definitions used differ considerably. Despite obvious etymological differences, these terms are used indifferently in a number of different settings: as a criterion for selection of patients eligible for new antiepileptic drug (AED) trials, for the selection of surgical candidates, for teaching purposes (how long a patient can be kept on the same drug, etc.), for the design of epidemiological studies, for the design of studies on quality-of-life (QOL), for the definition of the epileptic encephalopathies (in comparison to more benign epilepsy syndromes), to mention but a few. Such phrases are also used when describing the prognosis of various epilepsy syndromes, despite the fact that these epilepsy syndromes and epilepsies represent different disorders in terms of age at onset, electroclinical expression, underlying etiology or pathophysiological mechanisms. The same terms are also used in basic research studies, using criteria not necessarily relevant for human pathology (resistance to a single AED such as phenytoin or barbiturates). As a result of either the absence or the abundance of definitions, available studies in the field are usually not comparable, thus limiting the value of the conclusions drawn.


  The following three phrases are examples of such definitions: “Persistence of true epileptic seizures with a sufficient frequency or severity in a compliant patient despite optimal therapy for a minimum of two years (Jallon 1997)”; “When satisfactory seizure control could not be achieved with any of the potentially effective AEDs, alone or in combination, at subtoxic doses or levels (Bourgeois 2001)”; “The patient does not become seizure-free with even the highest dosage of antiepileptic drug tolerated without unacceptable side effects (Wolf, 1994)”. These definitions will be commented upon in turn in order to highlight the diversity of issues they introduce and comments will subsequently serve as the basis for proposing a “clinically meaningful definition”, within the limits of current knowledge and aims.


  “Persistence of true epileptic seizures with a sufficient frequency or severity in a compliant patient despite optimal therapy for a minimum of two years” (Jallon 1997)


  This definition, although apparently elusive, underscores a number of issues that one needs to address before being able to characterize a given patient with epilepsy as drug-resistant:


  - the need to ascertain the diagnosis of epilepsy and to rule out the possibility of pseudo-seizures;


  - the need to ensure that the patient is “compliant” with the treatment prescribed;


  - the need for “optimal therapy”. This term can be interpreted in more than one way, however, it can be assumed that it refers to the appropriate choice of AEDs (based on current knowledge of indicated and contra-indicated AEDs per epilepsy syndrome; the use of the maximally tolerated dosage when necessary independent of drug plasma levels, the proper evaluation for eventual adverse events, etc.).


  Other terms used have, in our view, disadvantages:


  ­ By introducing the concept of “sufficient frequency or severity” one accepts the notion that active epilepsy might not necessarily have an impact on quality of life. This assertion might well be true in some individual patients, but in general, and in agreement with all related studies, total seizure freedom is the key factor to restore quality of life in patients with epilepsy. Considering the major subjectivity underlying the evaluation of seizure severity (for example, are repeated and prolonged episodes of ascending epigastric sensation with aphasia more or less severe than repeated episodes of brief alteration of consciousness followed by jargonophasia?), as well as the difference between the patients and physicians perspective on this issue, there is a risk of wrongly assuming the “benign” nature of an epileptic disorder using the above terms.


  - By introducing a timeframe of “a minimum of two years” of “optimal therapy”, this definition is clearly not appropriate in rapidly deteriorating conditions such as infantile spasms.


  In summary, this definition, although sufficiently general to cover a number of major issues related to AED resistance could be misinterpreted by a non-specialist who will defer referral to the epilepsy specialist until he/she considers the disorder to be severe enough. This undue delay might have serious consequences on the optimal early care and related long-term prognosis of various epilepsy syndromes, such Lennox-Gastaut syndrome (LGS), or surgically remediable epilepsies.


  “When satisfactory seizure control could not be achieved with any of the potentially effective AEDs, alone or in combination, at subtoxic doses or levels” (Bourgeois 2001)


  This statement is even more general, most probably in an effort to avoid the pitfalls of a precise definition when dealing with a vast spectrum of disorders, such as epilepsies. The term “satisfactory” is not defined, increasing the risk of a variety of interpretations, similar to those described above. The suggestion that “any of the potentially effective AEDs, alone or in combination” is necessary before characterizing a given epilepsy as drug-resistant might be considered as pertinent by those working on mechanisms that explain resistance to AEDs, however, it is certainly not applicable as an eligibility criterion for entering a new drug trial or for selecting candidates for pre-surgical evaluation. By introducing the notion of “combination” of AEDs used, this definition correctly underscores the importance of considering the combination as well as the choice of AEDs prescribed, when evaluating a patient with persistent seizures (for example the combined effect of sodium valproate or lamotrigine may not have the same effect when used alone or in the presence of an enzyme inducer). However, with nearly 20 AEDs available, an entire lifetime would not be sufficient to try all possible combinations and dosages. Misinterpreting such an approach could again lead to unacceptable delays in referral to surgery or to an epilepsy specialist.


  “The patient does not become seizure free with even the highest dosage of antiepileptic drug tolerated without unacceptable side effects” (Wolf, 1994)


  This definition has the merit of clearly introducing the notion of seizure freedom, the most important parameter from the patient's perspective. It also integrates current knowledge on how to use AEDs, i.e. not being afraid to increase the dose administered provided that tolerability is also taken into account. However, it introduces the notion of unacceptable side effects, suggesting that some adverse events might be acceptable. As for the notion of seizure severity discussed above, there is no doubt that some individual patients suffer benign and well tolerated side effects that do not interfere with their daily living. But this notion also carries the risk of ignoring the devastating long term impact of insidious cognitive adverse events, such as those encountered with barbiturates. What is also lacking from such a definition, are issues relating to the number of AEDs to be tried before considering a patient as drug-resistant and the expected minimum duration of seizure freedom.


  In our view, all three examples of definitions, briefly discussed above, represent important steps for a better understanding of “drug-resistant epilepsy” and largely contributed to shaping today's “best clinical practices”. Their limitations primarily reflect the complexity of the issue concerned; to provide a single and simple definition, that is applicable to a great variety of clinical situations and research studies. This is particularly relevant if the impact of epilepsy on the patient's quality of life and social functioning is also to be taken into account. In accordance with the important progresses made in the field during the last decade, it appears timely for the epilepsy community to forge a clearer, up-to-date, and easy-to-use definition of drug-resistance that will serve as a common basis for future practice and research.


  ■What should be and what cannot be part of the definition


  To be operational, a definition of “drug-resistant epilepsy”1 needs to be generic. The reason for this is based on the fact that the term “epilepsy” refers to a number of symptoms (various types of seizures, occurring alone or in all possible combinations) and to a variety of disorders (age-dependent syndromes; as a major or minor symptom of a great variety of neurological diseases; etc.). Consequently, it must be agreed that the core definition should not intend to cover all possible issues related to drug-resistance, and in particular prognosis. Prognosis can only be discussed for each epilepsy syndrome taken separately.


  The issues of seizure frequency and duration of active epilepsy should not be part of the definition. Similarly, no reference should be made to an acceptable number of persisting seizures. These issues constitute part of the definitions for each specific epilepsy syndrome. The number of persisting seizures may be extremely variable as it is also closely related to the epilepsy syndrome. The only measurable and comparable parameter that should be emphasized in a patient-centered definition is full control of seizures, i.e. seizure freedom.


  The “number of AEDs to be tried” before concluding on pharmaco-resistance appears instrumental, primarily to avoid an undue delay in establishing the diagnosis and referring the patient to an epilepsy specialist. All available studies, in both children and adults treated with old and new generation AEDs, have shown that the percentage of patients that can achieve seizure freedom after the failure of two or three AEDs diminishes dramatically, regardless of the type of epilepsy. Based on these data, it appears reasonable to consider that the failure of 2-3 appropriately chosen AEDs, used at optimal dosage2, is a sufficient proof of drug-resistance. This applies to all forms of epilepsies regardless of seizure frequency. What will vary according to the epilepsy syndrome is the time needed to reach such a conclusion: for a partial epilepsy, this may take up to a few years, whereas this should only take a few weeks in infantile spasms or in Lennox-Gastaut syndrome.


  A meaningful definition of “drug-resistance” should also include a time reference for the minimum period of clinically relevant seizure freedom. At this point, it should be clarified that this does not imply a cure for epilepsy (this is again referred to in the definition of each epilepsy syndrome), or of the underlying neurological disorder. The decision on what could be a “clinically meaningful” period without seizures will unavoidably be arbitrary. Two years is certainly better than one year, which in turn is better than 6 months. By convention, we could accept a minimum period of 12 months seizure freedom. Twelve months of seizure freedom in a case of severe epilepsy, like a Lennox-Gastaut syndrome or a MTLE, allows a certain degree of confidence that the appropriate drug was used. For epilepsy syndromes characterized by a low frequency of seizures, i.e. a Rolandic epilepsy, 12 months may be short, although clinical experience suggests that drug-resistant patients with this syndrome usually have more than one or two seizures per year.


  In conclusion, we suggest that in order to be operational, a core (generic) definition of “drug-resistant epilepsy” should:


  - Include as a main parameter the only common element between all forms of epilepsy: seizures.


  - Incorporate what is clinically meaningful to the patient: seizure freedom.


  - Integrate current knowledge of the response of the majority of patients to AEDs: 2-3 AEDs.


  - “Arbitrarily” fix the minimum requested period of seizure freedom to consider the result obtained as meaningful: 12 months.


  All other issues (syndrome, etiology, predictors etc.) should not be part of the core definition, but variables to be added on the basis of the context and current knowledge.


  ■Who will use this definition and how


  It should be expected that a core definition will serve all possible users: general practitioners, neurologists and child neurologists, neurologists specialized in epilepsy, pharmacologists, geneticists, basic research scientists, industry, health authorities, lay associations...


  Current knowledge on epilepsy syndromes, the availability of more than 20 AEDs, the progresses of surgical treatments, the need for further research on the underlying mechanisms of epileptogenesis and on the response or resistance to drugs complicates the everyday diagnosis and care of epilepsy that benefits the patient. However, the vast majority of new-onset epilepsies is first seen by a general practitioner or, at best, in an emergency or general neurology department. Late referral to an epilepsy specialist may have dramatic consequences.


  A clear-cut definition of drug-resistance based on current knowledge, as suggested above, will facilitate early identification of drug-resistant patients by a non-specialist and, hopefully, early referral. It will also support the efforts of lay associations and of the epilepsy scientific societies vis-à-vis the health authorities in order to obtain the appropriate means, both in terms of epilepsy experts and technical means, to allow prompt investigation.


  This new approach, if validated by the epileptological community, will also influence inclusion criteria for drug trials, for the benefit of the patient. Indeed, today's practice is to include patients that have already failed a large numbers of, if not all, AEDs, thus representing a minority of drug-resistant patients and where the chance to achieve seizure freedom is very limited. In many instances, it might be more relevant to test new AEDs in the early course of pharmaco-resistance. This would be particularly interesting in patients with severe epilepsy syndromes (ex. Lennox-Gastaut) where an effective new treatment might not only help to control existing seizures but also to prevent the development of an epileptic encephalopathy. The definition of drug-resistance suggested above would allow inclusion of patients with less severe forms of refractory epilepsy and would better inform us on the potential usefulness of new AEDs in clinical practice.


  The use of a common definition will also facilitate comparison of results from epidemiological studies regarding the time course of illness, as well as predictors of remission or relapse etc.


  Earlier recognition of drug-resistance should also promote earlier referral for pre-surgical evaluation and result in better surgical outcome3.


  What remains to be discussed is the potential utility of the core (generic) definition suggested above for basic research, pharmacogenomic and molecular biology studies. We believe that such a definition is useful in offering a first selection step, understanding that additional criteria might be needed according to the issue under consideration (i.e. resistance to one specific AED versus refractoriness to all available drugs).


  The first three chapters of this book discuss what we know today about the natural history of drug-resistant epilepsy (Anne Berg), the basis of how valuable clinical data challenge the issue of drug-resistant versus drug-sensitive patients (Martin Brodie) and the specific issue of response to drugs in cases of status epilepticus (Aidan Neligan and Simon Shorvon). The basic science section critically reviews current knowledge of the mechanisms of drug-resistance (Wolfgang Löscher), of the genetic identification of refractory patients (Sanjay Sisodiya) and offers some suggestions on what should be the most relevant animal models to further investigate these issues (Ed Bertram). Present and future molecular targets (Graeme Sills) as well as a critical evaluation of AEDs in development with real potential (Emilio Perucca) introduce the next section on treatment issues. The fourth section discusses two challenging aspects relating to surgical treatment: does surgery really suppress drug-resistance and how (Dieter Schmidt)? Are innovative surgical treatments, such as deep brain stimulation, really useful (Phillippe Kahane et al.)? The last section of this book underscores the importance of an approach beyond seizure reduction (Franck Gilliam and Piero Perucca) and discusses early identification of drug-resistant patients (Doug Nordli) and differences between those epilepsies considered today by definition as epileptic encephalopathies and focal non-idiopathic epilepsies (Helen Cross and Christine Eltze).


  At present, the definition proposed above can only be considered as a basis for further discussion. A consensus of the epilepsy community is desperately needed and will then be challenged by everyday clinical practice and research to either survive the proof of time or to be modified on the basis of newly acquired knowledge.


  Notes :


  1 - The issue of “resistance to surgery” is slightly, although not completely, different and merits a separate discussion that is beyond the scope of this introductory chapter.


  2 - We are fully aware that the terms “appropriate” and “optimal” may be source of misinterpretations. However, they cannot be further defined within the definition of “drug-resistance epilepsies” as they are supposed to reflect current knowledge on the most appropriate AEDs to be used per epilepsy syndrome. They also presuppose a good knowledge of titration guidelines and maximal doses of each AED. If this is not the case, the physician will not be apt to judge if his patient is resistant to AEDs and he has the moral obligation to refer his patient to a specialist.


  3 - Resistance to AEDs is not the only criterion for the selection of surgical candidates. Other criteria, such as the absence or presence of a lesion, the topography of the epileptogenic zone, the age of the patient, the impact of an active epilepsy on cognitive development are of primary importance.


  The risk, correlates and temporal patterns of intractable epilepsy


  Anne T. Berg


  Dept. Biology, Northern Illinois University, DeKalb, IL 60115, USA

  


  Early characterizations of epilepsy described the disorder as an inexorably intractable, progressive disease (Gowers WR, 1881). In 1979, the first population-based epidemiological study of the seizure outcomes of epilepsy changed our understanding of the course of disorder by showing that most people became seizure-free and nearly half became seizure-free and no longer needed drugs (Annegers JF et al., 1979). A tacit assumption set in, that not being in remission was the complement to being intractable; that by studying remission, one was in essence studying intractability. In fact, for reasons discussed below, seizure outcomes are far more dynamic and complex, and intractability is an outcome that must be defined and studied in its own right.


  Relatively few studies have examined the risk of developing intractable epilepsy or predictors of the condition. The frequency in the population of intractable epilepsy and the factors most associated with it are important in that they provide the context and some starting clues for more detailed intensive studies of mechanisms and treatments.


  Frequency and risk of intractability


  A recent study estimated the prevalence of intractable epilepsy in a defined population in France (Picot MC et al., 2008). The overall prevalence of epilepsy was 5.4/1000. Intractable epilepsy was present in approximately 16% of all prevalent cases meaning nearly 1 person per 1,000 in the general population has intractable epilepsy. This is the single best estimate available of the prevalence of intractable epilepsy for a developed country.


  Several cohort studies of individuals with newly diagnosed epilepsy have also examined the risk and correlates of developing intractable seizures (Table I). The proportion of patients who become intractable varies considerably from 6% (Arts WFM et al., 2004) to 69% (Spooner CG et al., 2006). There are several reasons for this linked to the type of population studied (general, pediatric only, selected type of epilepsy) and methods of ascertainment (prospective surveillance versus retrospective chart review). There is also tremendous variability in how intractability has been defined for research purposes. While there is moderate to good agreement among these definitions for classifying patients as intractable or not intractable [kappas ranged from 0.45 to 0.79 (Berg AT & Kelly MM, 2006)], there is still a sizeable number of cases for whom these definitions disagree.


  In a Dutch study, intractability was defined at five years (Arts WFM et al., 2004). A subject could have been seizure-free for no more than 3 months during the fifth year of observation and had to have failed reasonable trials of two appropriate AEDs. Only 6% of the cohort was intractable by those criteria. In the US study, 14% met a stringent study definition of intractability (Table I) and 23% failed at least two drugs (Berg AT et al., 2006). In a study of a mixed age population with a median age at onset of 25 years, 37% of patients had failed an unspecified number of drugs and were not seizure-free for at least a year at last contact. Finally, in two pediatric series limited to temporal lobe epilepsy, 37% (Dlugos et al., 2001) and 69% (Spooner CG et al., 2006) of the patients were considered intractable. In both studies, patients had to have failed trials of at least two AEDs. Other details are provided in the table.
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  Correlates and predictors of intractability
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Table L. Selected definitions of intractability used in the published literature

Author (ref) Study methods* Drug Other criteria
failures
Huttenlocher Retrospective cohort, chart 2 1 seizure/month for
(Huttenlocher & Hapke, review. = 2years
1990)
Berg (Berg ATetal, 1996); Retrospective 3 1 seizure/month for
Casetta (Casettal etal., case-control, chart review = 2years
1999) (Berg); Nested
case-control study in
prospective cohort
(Casetta)
Arts (Arts WFM etal, 2004)  Prospective, chartreview 2 <3 months seizure-free
during 5” year of follow-up.
Diugos (Dlugos etal., 2001) ~ Retrospective, chart 2 Any seizure during months
review. 19-24 after initial diagnosis
and treatment
Camfield (Camfield P Prospective, chartreview 3 1 seizure every 2 months.
& Camfield C, 2003) in lastyear of follow-up
Berg (Berg AT etal, 2006)  Prospective, direct patient 2 Average = 1sz/month for
contact&chart review 18 months, no more than
3months seizure-free
Berg (Berg AT etal., 2006),  Spooner: Prospective, 2 No specific seizure
Spooner (SpoonerCGet  chartreview. frequency requirements
al.,2006)
Kwan (Kwan P & Brodie Retrospective, chart No Any seizures in the
MJ, 2000) review. specific  previous year
number
required

idual reports. If prospective was not specified,
nt contact for the purposes of the stuc

* Summaries of methods are based on the descriptions in the indi
the study was assumed to be retrospective. If no mention of direct
mentioned, the study was assumed to be based on chart review.
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