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Abstract
OBJECTIVE—To pilot a randomized controlled trial of OROS-Methylphenidate (MPH) to treat
ADHD plus epilepsy.

METHOD—Thirty-three patients, 6–18 years, taking antiepileptic drugs and with a last seizure 1–
60 months prior were assigned to a maximum daily dose of 18, 36, or 54mg of OROS-MPH in a
double-blind placebo-controlled crossover trial.
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RESULTS—There were no serious adverse events and no carry over effects in the crossover trial.
OROS-MPH reduced ADHD symptoms more than placebo treatment. There were too few seizures
during the active (5) and placebo arms (3) to confidently assess seizure risk; however, considering
exposure time, we observed an increased daily risk of seizures with increasing dose of OROS-MPH,
suggesting that potential safety concerns need further study.

CONCLUSION—A larger study to assess the effect of OROS-MPH on seizure risk is needed. A
crossover design including subjects with frequent seizures could maximize power and address high
patient heterogeneity and recruitment difficulties.
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Epilepsy; Seizures; MPH; ADHD; Stimulant; Methylphenidate; OROS-Methylphenidate;
Pharmacotherapy; Childhood seizures

INTRODUCTION
Epilepsy is a highly prevalent neurological disorder estimated to affect 0.5% of children in the
developed world [1–5]. Attention Deficit Hyperactivity Disorder (ADHD) affects 12–39% of
patients with epilepsy and is a major source of additional impairment in this population [6–
9]. The Physician’s Desk Reference contains warnings, stating that stimulants can lower the
threshold for having a seizure and that in the face of seizures these agents should be
discontinued [10], yet the evidence upon which this warning is based is unclear. Patients with
epilepsy were excluded from the clinical trials that established the safety and efficacy of
stimulant medications, including MPH, for the treatment of ADHD [11–13]. Consequently,
most patients who have ADHD co-morbid with epilepsy are not treated for ADHD due to
concerns that stimulants might worsen seizures [7].

Studies examining the potential risk of seizures from stimulants in patients with epilepsy are
relatively few and inconclusive. Although there is a limited number of case series of
amphetamine used to treat symptoms of ADHD in children with epilepsy [14–16], we have
found no prospective or controlled trials of amphetamine compounds in this population. To
our knowledge, only immediate release methylphenidate (MPH) has been studied
prospectively, with 3 studies reported. In the only double-blind placebo-controlled study, ten
children, seizure free at baseline were given MPH 0.6 mg/kg/day in a crossover design with
no seizures occurring on active MPH or on placebo [17]. In another study, 30 children were
observed for 8 weeks and then given 0.3 mg/kg/day of MPH for 8 weeks. Twenty-five of the
30 patients were seizure-free at baseline and remained so; 5 patients with an average of 1.8
seizures/week during the observation period experienced an average of 3 seizures/week during
MPH treatment [18]. This difference in seizure rate was not statistically significant, possibly
due to low power. In both studies, 70% of the children significantly improved on MPH. Finally,
Gucuyener et al. followed 57 children with epilepsy for 1 year while they took MPH open-
label. No increase in seizure frequency was detected [19]. Thus, a total of 97 children with
epilepsy have been studied prospectively while taking MPH. Their combined average seizure
frequency was 0.65/week prior to, and 0.93/week during MPH treatment [16].

This literature provides some evidence for the short-term efficacy of short-acting MPH in
decreasing ADHD symptoms in children with epilepsy. Because of the low baseline seizure
rate and small number of patients studied, however, the conclusion that MPH does not lower
the seizure threshold to a clinically significant degree remains problematic. Given the
prevalence and clinical significance of this dilemma, there is a critical need for prospective,
double-blind, placebo-controlled trials of stimulants in children with co-morbid epilepsy and
ADHD to develop an evidence base that can guide clinical practice.
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Implementing such trials, however, is challenging precisely because of the dilemma itself: trials
need to be designed in such a way that they maximize the possibility of detecting benefit while,
importantly, not putting children at risk. Moreover, heterogeneity among the epilepsy
population, in terms of type and frequency of seizures, further complicates the design of studies
and the interpretation of findings. The primary aim of this study, therefore, was to provide pilot
data to evaluate the feasibility of clinical trial methods that might be used for a larger study of
OROS-MPH in children with co-morbid epilepsy and ADHD while limiting risks to
participants. To this end, the feasibility of recruiting for a double-blind placebo controlled
crossover trial and the behavior of efficacy and safety measures in the crossover trial were
explored. The secondary aim was to obtain preliminary estimates of the efficacy and safety of
OROS-MPH to inform power calculations for a larger study.

We chose to examine OROS-MPH because of its popularity and ability to provide consistent
MPH plasma levels daily [20–22]. Patients with epilepsy had been excluded from all previous
OROS-MPH clinical trials. Also, the sustained release preparation raises a theoretical concern
that any adverse effect on seizures might be prolonged relative to immediate release MPH.
Thus, prior to exposing study patients with epilepsy to the full range of OROS-MPH doses,
the Children’s Hospital Boston Institutional Review Board (IRB) required sufficient exposure
to lower doses of OROS-MPH without significant toxicity before any patient was exposed to
higher doses. For this reason, the adaptive phase I dosing escalation strategy was incorporated
into the pilot study. An additional objective of the phase I design is to look for any very large
safety problem in a small number of patients so as to establish a dose range of acceptable risk
for subsequent larger clinical trials [23]. Adaptive phase I designs are commonly used in initial
oncology trials where dose-limiting toxicities are expected, and finding the maximum
acceptable dose within the potential therapeutic dose range is required before undertaking
efficacy trials [23,24]. We hypothesized that we would have no serious adverse effects or
increase in seizure risk at any of the tested doses so that the maximum dose, the lesser of 54
mg/day, or 2mg/kg/day, could be designated the target dose for subsequent studies.

METHODS
Patients

Neurologists at Children’s Hospital Boston were queried about patients scheduled in their
clinics to identify those with possible ADHD and to obtain permission to approach these
families to enroll their children in a randomized-controlled trial of OROS-MPH. Through this
process, 279 potential participants were identified and sent an informational letter describing
the study. Of the 279 families that were contacted, 239 families declined to participate and 40
completed the informed consent process.

The 40 consented patients then underwent an evaluation to determine if inclusion/exclusion
criteria were met. To confirm the epilepsy diagnosis for each patient, the principal investigator
(PI), a board-certified child and adolescent psychiatrist (JGH), administered the Seizure
Classification Interview [25,26], reviewed the patient’s medical record, and consulted with the
treating neurologist. The epilepsy diagnosis was made according to the International League
Against Epilepsy (ILAE) - International Classification of Epileptic Seizures [27]. The PI
interviewed each patient and his/her guardian to establish the diagnosis of ADHD and its
subtype according to DSM-IV-R criteria [28]. The Kiddie Schedule for Affective Disorders and
Schizophrenia - Present and Lifetime or Epidemiologic version was administered to
participants by trained raters. The PI reviewed all results to confirm that full DSM-IV-R criteria
had been met for ADHD and to determine any additional co-morbid psychiatric disorders
[29,30]. Additional inclusion criteria required: (1) a stable regimen of anti-epileptic drugs, (2)
at least one seizure within the past five years, and (3) freedom from seizures for one month
prior to starting study medication.
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Exclusion criteria were: (1) severe developmental delays or mental retardation, (2) inability to
speak English, (3) history of psychosis, (4) current major depression, or (5) for the first seven
patients only, a history of bipolar disorder or medication treatment for a mood disorder. After
the seventh patient was enrolled, the exclusion criteria were amended to include children with
a past history of mood disorder that had remitted and patients in stable condition on an
antidepressant or mood stabilizer regimen. This was done to make the sample more
representative of the population of children with ADHD co-morbid with epilepsy; however,
only two patients taking these agents enrolled, one patient taking risperidone and one taking
sertraline. Additionally, patients were excluded at the first visit if their Clinical Global
Impressions for ADHD-Severity (CGI-ADHD-S) rating was not 4 or higher (moderate or
greater severity) or if the score on the ADHD Rating Scale-IV Home Version was below the
90 percentile on the Inattentive, Hyperactive-Impulsive, and Total score.

Of the 40 patients who consented and were evaluated, one patient did not meet formal criteria
for ADHD, three dropped out due to inability to swallow pills, and 3 families changed their
minds about participation before taking any study medication. Thirty-three patients took at
least one dose of study medication and were included in the data analysis. These 33 patients
were between the ages of 6 years, 0 months and 17 years, 10 months.

Design
A double-blind placebo-controlled crossover study design was used. Randomization lists for
each maximum dose group were prepared by a statistician and maintained by the research
pharmacist. Patients were randomized to take either OROS-MPH or placebo for the first arm
of the crossover. After completing this arm, they were taken off the study medication for one
week then crossed over to the other condition. The adaptive Phase I trial design used is
illustrated in Figure 1. Patients were assigned to one of 3 maximum OROS-MPH dose groups.
Each patient was given a single day of 5 mg of Immediate Release (IR) MPH in the morning
and at noontime. If the child tolerated this dose, 18 mg of OROS-MPH was administered for
the remaining 6 days of the first week.

For Group I the maximum dose was 18 mg in the morning, and each arm of the crossover lasted
one week (5 mg IR MPH for 1 day and 18 mg of OROS-MPH for 6 days). For Group II the
maximum dose was 36 mg in the morning and each arm of the crossover lasted two weeks (if
the 18 mg dose was tolerated, 36 mg each morning was administered for the second week).
For Group III the maximum dose was 54 mg in the morning, and each arm of the crossover
lasted 3 weeks (sequentially the 18 mg week, 36 mg week, and 54 mg week). The number of
weeks for each arm of the crossover was selected so that patients could be assessed after a
week at the maximum dose. At the request of the IRB, patients did not remain on the maximum
dose longer than a week in order to minimize the amount of time patients remained on placebo.

Patients were assigned to Groups I, II, and III in ascending order with no patients assigned to
higher dose levels until a minimum of 3 patients assigned to the lower dose had completed the
crossover trial without a serious adverse event or significant worsening of epilepsy. No patient
met either of these conditions so the adaptations described in Figure 1 were never invoked. No
second set of three patients had to be tested for any of the groups before recruitment could start
for the next higher group. As patients enrolled, all were assigned to group I until 3 of them had
completed the crossover. Subsequent patients could be assigned to Group II, or, if 36 mg was
more than 2mg/kg, the patient could be assigned to Group I. Once 3 Group II patients had
completed the crossover without a significant worsening of epilepsy, subsequent patients could
be assigned to Group III or to a lower group in order to keep the maximum dose below 2mg/
kg/day.
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Detailed descriptions were obtained of seizures during the trial. These seizures were compared
to the seizures described during the Seizure Classification Interview, and the treating epilepsy
clinician was consulted to determine whether these were consistent with the patient’s typical
seizures. A significant worsening of epilepsy was defined as: 1) a doubling of the highest 14-
day or highest 2-day seizure rate observed during the 12 months before the trial, 2) a generalized
tonic-clonic seizure if none had been experienced in the previous 2 years, or 3) a clinically
meaningful intensification in seizure duration or severity. If a seizure occurred but did not meet
the criteria for a significant worsening of epilepsy (e.g. the patient had one of his or her typical
seizures), the patient discontinued that arm of the crossover. If this occurred during the first
arm, the patient waited until he or she was seizure free for one month then continued to the
second arm. The Data and Safety Monitoring Board (DSMB) for the study and the IRB were
informed of these seizures. Study personnel, the DSMB, and the IRB were not un-blinded
through this process since the patient would not be exposed again to same condition (placebo
or OROS-MPH).

Assessments
Baseline measures were administered to characterize the sample as follows:

Seizure Classification Interview to gather comprehensive information on seizure history from
the primary caregiver [25,26].

Wechsler Abbreviated Scale of Intelligence (WASI) to estimate IQ [31].

Scales of Independent Behavior-Revised Short Form (SIB-R) administered at baseline to one
primary caregiver of each patient to estimate level of adaptive functioning [32].

ADHD Rating Scale-IV Home Version (ADHD RS) [33,34] is an 18-item scale with one item
for each of the DSM-IV ADHD criteria. The PI read each item to the patient’s guardian and
then assigned a rating of symptom severity over the preceding week.

Clinical Global Impressions for ADHD-Severity (CGI-ADHD-S) [35] is a single-item rating
reflecting the clinician’s assessment of the global severity of the child’s ADHD symptoms in
relation to total experience with children with ADHD. It is derived from the CGI Severity scale
and is rated on a 7 point scale with 1=normal, not at all and 7= among the most extremely ill
patients.

Clinical Global Impressions for ADHD-Improvement (CGI-ADHD-I) [35] is a single-item
rating reflecting the clinician’s assessment of the global change in the child’s ADHD
symptoms. A score of 1=very much improved, or 2= much improved at the final visit of each
arm was defined as response.

Additionally, at each study visit, the PI, who was blinded to medication status, evaluated the
patient for adverse events in two ways. The PI asked the patient and guardian if the patient had
experienced any adverse effects or illnesses. If reported, the PI would rate the adverse event
from mild to life threatening. Adverse events were also assessed by the administration of the
Barkley Side Effects Checklist-Modified (BSECM) [36]. The BSECM is a checklist that
assesses 24 side-effects associated with stimulant medications, including insomnia and
irritability. A dose-limiting adverse event occurred if one of the BSECM items was elevated
above baseline at a moderate or higher level. Patients who experienced a dose-limiting adverse
event were discontinued from that arm of the crossover without breaking the blind.

Anti-epileptic drug (AED) levels were drawn just before starting the first arm of the crossover
to ensure that a therapeutic level was present before exposure to MPH. Despite the low power
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to detect an effect of MPH on the plasma levels of the variety of AEDs patients were taking,
an attempt was made to draw AED levels again at the last visit of each arm of the crossover if
the patient was still taking the study medication. This was done in an effort to detect any large
effects on AED levels. Since many patients lived far from the hospital, if the patient
discontinued an arm of the crossover trial, the AED levels for that arm could not be obtained,
further limiting power to detect changes due to MPH exposure.

Statistical Methods
All statistical tests and all reported confidence intervals (CI) are two-tailed. Descriptive
statistics and frequencies were computed for seizure rates and adverse events. McNemar’s test
was used to compare the number of patients who discontinued each arm of the crossover. The
number of days of exposure to placebo and OROS-MPH were compared using the Student’s
t-test. Then, within each treatment arm, the risk for a seizure was computed using raw rates of
seizure events divided by days of exposure at different doses. The study design called for
patients to stop taking OROS-MPH or placebo as soon as a seizure occurred. Thus the odds of
a seizure on each day of exposure were used to estimate seizure risk and the primary statistical
analysis of seizure risk was accomplished using logistic regression. Additionally, the number
of days of exposure until a seizure occurred was examined and Cox proportional hazards
models were used as an additional statistical analysis of seizure risk. For both techniques, the
order of the placebo and OROS-MPH arms was examined as a predictor with the understanding
that if this predictor was significant, only the first arm of the crossover would be used in
subsequent analyses. For the logistic regression, a repeated measures model with a Poisson
link function (SAS, Proc Genmod) was used to estimate the odds of having a seizure on each
day of OROS-MPH versus placebo. The logistic model contained a term for number of days
on that arm of the crossover to control for length of exposure to MPH or placebo. The model
also included the OROS-MPH dose and the interaction between dose and length of exposure.
The contribution of OROS-MPH dose was assessed both as an absolute dose and as a mg/kg/
day dose. A Cox proportional hazards model was used as an additional method since the study
protocol called for doses to be increased at days 1, 2, 8, and 15 of the OROS-MPH arm, but
many observations were censored either by design (patient was assigned to groups I or II),
because of a dose limiting adverse event, or because of a seizure. The Cox proportional hazards
model compared the hazard of having a seizure within each day of each dose (SAS, Proc Phreg).
The predictors tested in the Cox model were mg/kg/day, dose, number of days on that arm of
the crossover, and the interaction between these predictors. For the Cox models, each week of
the trial was treated as a repeated measure for each subject. For example, a patient who was
taking OROS-MPH for one week and placebo for one week had 2 measures, whereas a patient
who was taking OROS-MPH for 2 weeks and placebo for 3 weeks had five measures. We did
not use a more complex model that took into account that on the first day of the first week of
the active MPH arm patients were given 10 mg of MPH per day rather than 18mg of OROS-
MPH. This is because there were no censoring events during this day for any patient, and the
additional complexity of the model would not have yielded more information. Because of the
small number of seizure events, there was inadequate power to examine other covariates (e.g.
seizure etiology and type, ADHD subtype, gender, and seizure frequency prior to entering the
trial) in either the Logistic or Cox models. Robust estimates of standard errors were used in
the logistic and proportional hazards models to account for correlation among the repeated
measures on a patient (i.e. the sandwich variance estimate for the Cox models).

To examine whether OROS-MPH was associated with adverse effects other than seizures, the
effect of OROS-MPH versus placebo on BSECM total score and individual items during each
week of treatment was estimated using repeated measures regression (SAS, Proc Genmod). In
order to increase sensitivity to adverse events that occurred during OROS-MPH treatment,
analysis of individual items was not corrected for multiple comparisons.
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To explore whether OROS-MPH was efficacious against ADHD in the study population, we
examined responder rates as well as decrease in ADHD symptoms during the OROS-MPH and
placebo arms of the crossover. We defined responders as those patients with CGI-ADHD-I
scores of ‘much’ or ‘very much improved’ at the last observation on that arm of the crossover.
To explore whether OROS-MPH was associated with a greater decrease in ADHD symptoms
than placebo, the effect of OROS-MPH versus placebo on ADHD total score for each week of
treatment was estimated using repeated measures regression (SAS, Proc Genmod). First, the
order of the placebo and OROS-MPH arms was examined as a predictor with the understanding
that if this predictor were significant, only the first arm of the crossover would be used in
subsequent analyses. The subsequent model contained a term for the week within the crossover
arm, the OROS-MPH dose and the interaction between dose and week within the crossover
arm. Exploratory analyses were performed in which each of the following covariates was added
alone to this model as a main effect and as an interaction with week within the crossover arm,
with active dose versus (vs.) placebo, and with each of these predictors: predominately
inattentive vs. combined type ADHD diagnosis, idiopathic vs. non-idiopathic epilepsy,
generalized vs. focal onset seizures, gender, socioeconomic status, race, age, IQ, functional
level on SIB-R, and number of AEDs being taken. The p value for significance was set at
<0.005 to account for the multiple comparisons (0.05/10).

Changes in AED plasma levels were examined using the Wilcoxon Signed Rank Test.

RESULTS
Thirty-three patients (mean age: 10.5 ± 3.0 years) were randomized and took at least one dose
of study medication (placebo or OROS-MPH). They are all included in all of the analyses.
Table 1 describes the sample’s baseline characteristics. Three patients were assigned to a target
daily dose of 18 mg of OROS-MPH, 9 to a target dose of 36 mg, and 21 to a target dose of 54
mg. The target dose was less than 1 mg/kg/day for 11 patients, 1 to 1.5 mg/kg/day for 13 patients
and 1.5 to 2 mg/kg/day for 9 patients.

Safety: Seizure Recurrence
Although seizures occurred during the study on both OROS-MPH and placebo, no patient met
criteria for a significant worsening of epilepsy. One patient had a cluster of 4–5 myoclonic
seizures while taking both OROS-MPH and placebo. Counting these clusters as a single episode
of seizures, there were a total of 5 seizures on OROS-MPH and 3 on placebo. This includes
one patient who had two distinct seizures on a single day of exposure to active OROS-MPH.
Families were instructed to stop the study medication once any seizure occurred.

Table 2 describes the seizures and other AEs experienced by each patient during the crossover
trial. Five patients experienced a total of 8 seizures during the trial. The number of patients
who experienced a seizure during exposure to OROS-MPH (n=4) did not differ significantly
from that during placebo (n=3). The seizures occurred on 7 out of a total 1058 days on which
either placebo or active medication was administered. Only 1 child discontinued treatment
under placebo but completed the entire active arm, whereas 10 children discontinued that active
arm but completed their placebo treatment (p=.01). As a result, exposure to placebo (17.2±7.0
days) was longer than exposure to OROS-MPH (14.9±5.4 days; t32=3.42, p=0.002), and length
of exposure needed to be taken into account in calculating seizure risk. Three seizures occurred
during the 565 placebo days (rate=0.53 seizures/100days), 1 during the 194 days on which
patients were taking either 10 mg or 18 mg active medication (0.52 seizures/100days), 2 during
170 active 36 mg days (1.12 seizures/100days), and 2 during 87 active 54 mg days (2.30
seizures/100days).
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Taking patients’ weights into account, 2 seizures occurred during the 369 days of exposure to
less than 1.2 mg/kg/day (0.54 seizures/100days) and 3 seizures occurred during 164 days of
exposure to doses of 1.2 to 2 mg/kg/day (1.83 seizures/100days). Dividing by the rate during
placebo exposure yields raw rate ratios as follows: < 1.2 mg/kg/day = 1.02; 1.2 to 2 mg/kg/
day = 3.45.

Since these raw rate ratios do not take into account any correlation between patients, logistic
regression was used to calculate the odds ratio (OR) for a seizure during active treatment.
Whether a patient underwent the placebo or OROS-MPH arm first in the crossover was
examined and found not to be a significant predictor, arguing against a carryover effect.
Subsequent models included a predictor term for dose (examined either as mg/kg/day or as
ordinal absolute dose level, that is 18, 36, and 54 mg per day), for days of exposure within each
arm (placebo arm and OROS-MPH arm), and the interaction betweens days of exposure and
dose. In all of these models, number of days of exposure to placebo or OROS-MPH was
significant (p<0.005), as was dose (both mg/kg/day dose and ordinal absolute dose, p<0.005).
The interaction between days of exposure and dose was significant whether dose was examined
as mg/kg/day (p=0.02) or as the ordinal absolute dose (p<0.001).

As an additional analysis of seizure risk, Cox proportional hazard models were used to evaluate
time to a seizure within the exposure to a given dose and to calculate the hazard of a seizure
at each dose. As with the logistic models, whether a patient underwent the placebo or OROS-
MPH arm first in the crossover was examined as a predictor, found not to be significant, and
dropped from the next analysis. This consisted of a Cox model that included a term for dose,
days of exposure within the placebo or OROS-MPH arm, and the interaction between them.
This analysis indicated that a higher mg/kg/dose predicted a greater hazard of a seizure
(p<0.01). While the term representing days of exposure within each arm was not significant,
the interaction between days of exposure and dose was (p<0.05).

Tolerability
There were no serious adverse events. Five patients discontinued treatment while taking
placebo and 14 while taking OROS-MPH (p=0.007). Dose-limiting adverse events occurred
earlier and more frequently during the OROS-MPH arm than the placebo arm, accounting for
the longer exposure to placebo. The most common adverse events reported on both study arms
were seizures and emotional lability. Emotional lability worsened for 4 patients on OROS-
MPH compared with 2 on placebo. All adverse events resolved within 18 hours of discontinuing
medication, except for tics (n=1), which resolved within 48 hours.

Analysis of the BSECM total score at each dose revealed a significant main effect of week of
treatment, though there was no interaction between treatment and week. On average, the
BSECM score decreased with each week of treatment and at about the same rate, regardless of
whether the patient was on placebo or OROS-MPH. Given the heterogeneity of BSECM items,
the same analysis was carried out for each of the measure’s 24 individual items. In order to
better identify potential tolerability problems there was no correction made for the multiple
comparisons. Patients were more likely to have trouble falling asleep on OROS-MPH than
placebo (χ2=10.60, p = 0.01). The average magnitude of the difference for this item was one
point on a ten-point Likert scale at the 36 and 54 mg doses. The effect sizes (difference between
active and placebo effect/pooled standard deviation) for this item for each OROS-MPH daily
dose were −0.29 for the 18 mg, 2.25 for the 36 mg, and 1.79 for the 54 mg.

Efficacy
There was a higher rate of response to OROS-MPH than to placebo at each dose (Figure 2).
The total ADHD RS scores at each week of the crossover are described in Figure 3. Analysis
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of the ADHD RS total score at each dose revealed no effect from whether the OROS-MPH or
placebo arm came first, arguing against any carryover effect, and so this term was dropped
from subsequent models. There was a significant main effect of the baseline ADHD RS total
score at the start of each arm of the crossover, so this was included. A significant main effect
of week of treatment in the crossover arm (p<0.0001) as well as significant interaction between
this variable and whether patients were taking OROS-MPH or placebo was found (p<0.0001).
This indicated that the ADHD RS total score dropped each week of treatment for both placebo
and OROS-MPH, but dropped more rapidly during the OROS-MPH arm of the crossover.

An exploratory analysis to determine the main effect and interaction terms for the covariates
listed in the statistical methods section was performed. The only one for which the interaction
with week and treatment arm reached the preset alpha level of p<0.005 was seizure type. This
yielded the exploratory finding that in this small study the 7 patients with generalized onset
epilepsy did not have a difference between the active and placebo arms that was as robust as
the difference seen in the 26 patients with focal onset epilepsy (p=0.004). There was also a
non-significant trend for patients with predominately inattentive subtype ADHD to have a less
robust response to OROS-MPH (p=0.03).

Antiepileptic Drug (AED) Plasma Levels
The 33 patients enrolled were taking a total of 10 different AEDs (Table 3). We were not able
to get AED plasma levels for all of these patients’ AEDs. Thirty-four baseline AED plasma
levels were obtained. Twenty-five AED levels were obtained while on active MPH, and 26
while on placebo. There were no significant differences in AED levels between OROS-MPH
and either placebo or baseline measurements.

DISCUSSION
The purpose of this pilot study is to test the feasibility of methods for a larger trial of OROS-
MPH in patients with ADHD in the context of epilepsy, to look for any large safety problem
that, being evident in such a small number of these subjects, would require modification of the
dose range for the larger study, and to get some initial estimates of safety and efficacy that
might be helpful in planning the larger trial. The first question to be answered is whether the
results of the pilot study indicate that performing a larger study of OROS-MPH in this
population should be a priority. We believe that the answer is yes. The pilot study’s findings
add to the motivation for a larger trial. There was robust evidence of efficacy of OROS-MPH
against the symptoms of ADHD in these patients, indicating that there is likely a significant
benefit to patients from this treatment.

The safety of this medication for patients with epilepsy, however, is the primary concern
motivating a study such as this one, and it is more difficult to evaluate. We did find some
preliminary indication of an increase in the daily risk of having a seizure with increasing doses
of OROS MPH. It is important to note that the number of seizure events observed in the pilot
study (3 during the placebo arm and 5 during the active OROS-MPH arm) is too small to
confidently determine whether there is an increase in seizure risk from higher OROS-MPH
doses. The small number of seizures that occurred during the trial makes the observation of a
possible increase in daily seizure risk potentially unstable. For example, if one patient of the
patients with seizures had not enrolled or if the chance waxing and waning of his seizures had
been different, we may not have seen a statistically significant signal of increased risk.
Moreover, the study was not powered to detect anything but a very large increase in seizure
risk. Thus, our observation provides reason for caution, but this study is too small to resolve
such an important safety concern. The effect of OROS-MPH on seizures is still unknown and
this pilot study only underlines the need for a larger trial. In a disorder as prevalent as ADHD
in the context of epilepsy, the findings of robust efficacy and evidence that a potential safety
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concern needs further study argue forcefully for performing an adequately powered trial of
OROS-MPH or other extended release MPH products.

The primary goal of this study was to demonstrate the feasibility of the methods, including the
adaptive phase I component, which is appropriate for situations in which safety is a major
concern. This adaptive phase I design was found to be feasible to execute and did not preclude
a preliminary assessment of both risk and benefit. Most important, no serious adverse events,
no cases of status epilepticus, and no instances of significant worsening of epilepsy occurred
in this vulnerable patient population. Thus for a similar population this pilot study supports
including the full range of OROS-MPH doses tested (up to the lesser of 2mg/kg/day or 54 mg
per day) without having to include the adaptive design in the larger trial. However, if an even
more vulnerable patient group were included, for example patients with more frequent seizures,
consideration can be given for including an adaptive phase I component for those patients.
Other methodological considerations include the crossover rather than parallel groups design,
the outcome measures for efficacy, tolerability, and safety, the characteristics of the study
population, the procedures in response to the occurrence of seizures, and the recruitment
strategy.

Regarding the use of a crossover design instead of a parallel groups design, an advantage of a
crossover design is that each patient functions as his or her own control and the effects of
confounding variables that might obscure seeing a differential response to OROS-MPH versus
placebo are minimized. Given the heterogeneity of seizure disorders, this is an important
advantage. The short half life of both the plasma level and behavioral effects of MPH have
allowed crossover studies to be used successfully to study the effects of MPH on ADHD
symptoms [12,21]. However, crossover designs are still vulnerable to period and carry-over
effects, subject drop out, and variability in ADHD symptom severity over time. Thus testing
for such period or carryover effects is important. In their absence, the crossover design will
have greater power to detect differences in outcomes between the conditions when compared
to a parallel groups design. However, if period or carryover effects are detected, usually only
the first arm of the crossover can be used in the analysis. In that case, the effort and expense
of the second arm would have been largely wasted.

For this pilot study, the crossover design offered an additional advantage; it allowed the study
to overcome two important ethical concerns. First, there was more than minimal risk to the
participation given the MPH package insert warnings against its use in patients with seizures.
Second, for patients assigned to placebo, ADHD treatment was arguably being withheld while
they participated and there could be risks if treatment were withheld long enough. It is difficult
to justify (and for IRBs to approve) exposing pediatric subjects to more than minimal risk when
there is no prospect of direct benefit to the individual patient. The crossover design exposed
all subjects to both MPH and placebo so that an unblinded clinician not participating in the
study ratings could look at the data generated by the study and tell the patient’s guardian
whether there was a more robust response to OROS-MPH than to placebo. The patient’s
guardian could then use this information in planning future treatment. The IRB agreed that this
information provided a direct benefit to individual patient that balanced the risks of
participation.

In this pilot study, all randomized patients entered both arms of the crossover and only dropped
out when adverse effects developed. We looked for carryover or period effects for both the
efficacy and tolerability measures, as well as the primary safety indicator, seizure occurrence.
We found no evidence of carryover or period effects. We were able to document strong
evidence for efficacy and identify a potential safety concern, despite the small number of
patients and the small number of seizure events. Taken together, the experience gathered during
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the pilot study indicates that use of a crossover design is feasible and advantageous in this
population.

In regards to the efficacy, tolerability and safety outcome measures: Both the ADHD RS and
the CGI-ADHD-I showed robust differences favoring OROS-MPH over placebo, even though
there was some improvement over time on placebo. They seem appropriately sensitive to
change for use in the larger trial. The tolerability measure used, the BSECM (Barkley Side
Effects Checklist-Modified), yielded results consistent with the known side effect profile of
MPH and thus seems appropriate for the larger trial as well [20–22].

In regards to the principal safety concern, whether OROS-MPH increases the risk of seizures:
an element of study design, the procedure invoked if a seizure occurred (dropping out of the
current arm of the crossover after a seizure), while guarding the safety of patients, reduced the
power to detect a difference in seizure rates between OROS-MPH and placebo. By design,
patients could only have a single day of seizures in an arm of the crossover. Because of this
limitation, differences in safety between the OROS-MPH and placebo arms of the study could
be demonstrated by daily risk of a seizure, whether quantified with Logistic or Cox regression,
but not by raw seizure counts. The power to detect a difference in daily seizure rate was also
constrained by the inclusion/exclusion criteria that were used. Only patients who were seizure
free for the previous month could enroll. Most enrolled patients were not expected to, and
indeed did not have a seizure while on either arm of the study. Even for a larger trial, the power
to detect an increase in seizures from OROS-MPH treatment will be limited unless patients
with more frequent seizures are enrolled and they are allowed to remain in the treatment arm
even if they have a seizure. The lack of serious adverse effects, episodes of status epilepticus,
or clinically significant worsening of epilepsy observed in the pilot study provides the prior
experience needed to justify such study procedures ethically with this more vulnerable
population. One possible design would be to include subjects with seizures between one per
month and one per day and observe their seizure rate prior to randomization long enough to
confidently establish the patient’s individual seizure rate prior to starting study drug. Then,
with each seizure the patient experienced while taking study drug, a statistician could determine
whether there was sufficient evidence that the seizure rate had increased for that patient. If the
rate of seizures did increase, the patient would be dropped from that arm of the crossover trial.
Such a design would allow the study to observe more seizure events during each arm of the
crossover trial, thus affording greater confidence in estimating the effect of OROS-MPH on
seizures. It would also necessitate the careful tracking of seizures and other adverse events by
a Data and Safety Monitoring Board (DSMB).

Of considerable importance vis-à-vis feasibility, we found it very difficult to recruit patients
for this pilot study. Of the 279 families that were contacted, 239 families declined to participate
(89%). This raises a significant barrier to success, especially if the goal had been to recruit
patients with more frequent seizures. Patients and families will be aware of the potential for
increasing seizure rate and thus reluctant to expose the child to this risk. Moreover, so as to
not to confound interpretation of findings, it would be desirable to enroll only patients whose
AED regimen could remain unchanged during the trial. One possible strategy for improving
participation would be to obtain consent for active screening for ADHD symptoms at the time
of a clinic appointment rather than approaching families by a letter. Those whose child screens
positive for probable ADHD and impairment would then have the opportunity to discuss the
study in person. Even with this more direct recruiting method, it is likely that a larger trial
would have to be done across several epilepsy centers, and even then there would be risk for
selection bias due to the low participation rates. These limitations will need to be acknowledged
and balanced against the potential value of a better developed evidence base for physicians and
families to make judgments about the potential risks and benefits of pharmacological therapy
for patients with co-occurring ADHD and epilepsy.
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While reviewing the results of this pilot study it is important to bear in mind several important
limitations. The number of patients studied was small, their seizure types were varied, and their
baseline seizure frequencies were low. Thus, even the most robust finding of an effect of
OROS-MPH improving ADHD symptoms may not generalize to patients with all types of
seizures or to those with more frequent seizures. As has been discussed, the actual number of
seizure events observed is insufficient to reliably determine an effect of OROS-MPH on
seizures. The number of patients taking each AED was very low, and therefore the power to
detect an effect of MPH on AED levels was inadequate in this study.

In conclusion, our findings from this pilot study of efficacy, in tandem with preliminary
evidence for a safety concern, argue forcefully for an adequately powered trial of OROS-MPH
or other extended release MPH products aimed at providing a more comprehensive body of
data to document efficacy and especially, risk. Although the findings underline the need for a
larger trial, such a trial would have to be designed to safeguard against the potential risk for
worsening seizures. If, as is recommended, patients with more frequent seizures are included
in subsequent trials, starting the trial with an adaptive phase I component could be considered,
as the present pilot study gives good evidence of its feasibility. In addition, our experience
highlights the potential difficulty of recruiting patients for such a study, and so the study design
would need to be economical in terms of the number of patients required and their
characteristics in order to provide meaningful and interpretable findings.
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Figure 1. Adaptive Phase I Design
A randomized double-blind placebo-controlled crossover trial. Each patient remained at the
maximum dose for up to 1 week before endpoint measures for that arm were taken and the
patient was crossed-over to the other arm of the study or was referred to clinical care outside
the study. If 1 child had a significant worsening of epilepsy on active OROS-MPH at least 3
more patients would be tested at that dose level. If at any dose level 2 patients had significant
worsening of epilepsy during the active arm, the dose level just below would be fixed as the
maximum dose for the rest of the study. As patients enrolled they were assigned to the highest
dose group recruiting at the time such that the daily dose of OROS-MPH did not exceed 2mg/
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kg/day. Thus more than 3 patients could be assigned to each group even if no patient
experienced a significant worsening of epilepsy.
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Figure 2.
Percentage of Patients Responding to Treatment for Active OROS-MPH and Placebo at Each
Dose Level
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Figure 3. Clinician Rated ADHD Rating Scale IV Total Score by Dose*
* Boxes show the 25th, 50th, the 75th percentiles. Whiskers extend to the 10th and 90th
percentiles. Dots indicate mean level. Oros-mph means are lower than placebo means for doses
18, 36, and 54 mg (each p<.002).
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Table 1

Patient Demographics

Demographic Variable Patient Data Mean±Std Dev, (median, range)

Total number of patients 33

Male patients, n (%) 19 (57.6)

Age, year 10.5±3.0, (10.4, 6.4–17.5)

Weight, kg 42.4±16.3, (37.7, 20.9–84.4)

WASI IQ 89.7±16.9, (88, 59–123)

Scales of Independent Behavior-Revised (SIB-R), Standard Score 74.8±24.7, (78, 25–129)

Antiepileptic drugs at start 1.2±0.5, (1, 1–3)

Epilepsy Etiology, n (%)

 Cryptogenic 12 (36.4)

 Idiopathic 13 (39.4)

 Symptomatic 8 (24.2)

Seizure Type,

 Focal Onset 26 (78.8)

 Generalized Onset 7 (21.2)

ADHD Type,

 Predominantly Inattentive 16 (48.5)

 Combined 17 (51.1)
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