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Study Summary

	Title
	An Open Label, Single-Center Pilot Study of Armodafinil in Patients with Dementia with Lewy Bodies

	Short Title
	Armodafinil in DLB

	Protocol Number
	IRB# 09-003438

	Phase
	Phase IV

	Methodology
	Open label 

	Study Duration
	2 years

	Study Center(s)
	Single center (Mayo Clinic Rochester)

	Objectives
	Armodafinil therapy in patients with dementia with Lewy bodies will result in:
· Improvement of excessive daytime sleepiness

· Improvement of cognition

· No significant side-effects and be well-tolerated

	Number of Subjects
	20 

	Diagnosis and Main Inclusion Criteria
	· Diagnosis of clinically possible or probable DLB using established criteria

· Epworth Sleepiness Scale score of 8 or greater

· MMSE scores between 10 and 26 inclusive

· No active medical disorder that could preclude participation in a drug treatment trial over a 12 week protocol

· Stable medication regimen over previous four weeks

· Absence of psychotropic medications at doses viewed by the clinician to be significantly impacting the patient’s alertness during wakefulness

	Study Product, Dose, Route, Regimen
	Armodafinil (Nuvigil) – 150 mg to 250 mg by mouth per day

	Duration of administration
	12 weeks

	Reference therapy
	None

	Statistical Methodology
	Because this is an open-label study, the efficacy and safety results will be presented using descriptive statistics. Mean efficacy scores and mean change from baseline scores will be calculated for each study visit together with standard errors (SE) and 95% confidence intervals. For the safety analysis, AEs will be defined as treatment-emergent if they occur on or after administration of the first dose of study medication.


Introduction

This document is a protocol for a human research study. This study is to be conducted according to US and international standards of Good Clinical Practice (FDA Title 21 part 312 and International Conference on Harmonization guidelines), applicable government regulations and Institutional research policies and procedures. 

1.1 Background

Dementia with Lewy bodies (DLB) is considered the second most common cause of degenerative dementia, and is estimated to affect approximately 1 million Americans (1-4). Dementia is the core functional and cognitive manifestation of DLB. While the cholinesterase inhibitors have been shown to be beneficial for patients with DLB in placebo-controlled double-blind studies (5-14), there are many other symptoms and features which are not affected by this class of agents. Excessive daytime somnolence and other narcoleptic-like phenomena are increasingly being appreciated in patients with DLB (1-4, 15-19). Analyses we have conducted using the Epworth Sleepiness Scale (ESS) – a subjective measure of sleepiness – and the Multiple Sleep Latency Test (MSLT) – an objective measure of sleepiness – in DLB patients have shown moderate to severe sleepiness using both measures (19). REM sleep behavior disorder (RBD) – a parasomnia in which patients appear to “act out their dreams” – is common in patients with narcolepsy and also common in DLB, and this disorder likely reflects the normal muscle activity of wakefulness invading into REM sleep (2-4, 20). Visual hallucinations which are also common in DLB, as well as in narcolepsy, could reflect intrusions of dream imagery into wakefulness (2-4, 20). Psychostimulants and the wake-promoting agent modafinil often results in improvements in cognition, excessive daytime sleepiness, and visual hallucinations in patients with narcolepsy, and our clinical experience indicates that traditional psychostimulants (e.g., methylphenidate, dextroamphetamine, and metamphetamine) and modafinil can also significantly improve the cognitive, neuropsychiatric, and sleep-related features in DLB (Boeve et al, unpublished data). Apathy, depression, and delusions are also common in DLB, and these features have tended to improve with stimulant or modafinil therapy (Boeve et al, unpublished data).  One patient who was experiencing daily hallucinations and delusions had prompt elimination of these features two days after commencing modafinil, and he has had only rare hallucinations over the three years of modafinil use thus far (Boeve et al, unpublished data). We have also observed improved functional abilities and particularly improved quality of life in DLB patients and their caregivers with stimulant or modafinil therapy (Boeve et al, unpublished data).  Modafinil has been well-tolerated, with no worsening of the cognitive, neuropsychiatric, or sleep-related features in any patient. The main efficacy issue has appeared to be related to its potency – as a mild wake-promoting agent, some patients have not experienced any apparent benefit.
The improvement in DLB as noted above is based on our clinical experience with well over 50 patients treated with modafinil and 5 patients with methylphenidate, but to our knowledge no formal studies using any wake-promoting agents have been carried out prospectively in DLB subjects. An open label study with armodafinil—a novel wake-promoting agent which has slightly more potency and duration of effect than modafinil— being used over 12 weeks which involves adequate measurement tools by investigators highly experienced in diagnosing and managing DLB patients would provide preliminary data to determine whether larger placebo-controlled, double-blind studies using armodafinil therapy should be undertaken in patients with DLB.

We propose an open label 12 week study using armodafinil for treatment of excessive daytime sleepiness, cognitive impairment, neuropsychiatric morbidity, impaired functional status, and patient/caregiver quality of life in patients with DLB (n=20).  The measures utilized in this protocol will be similar to or exactly the same as those utilized in previous trials with the cholinesterase inhibitors in DLB, as well as similar to or exactly the same as those utilized in the recent armodafinil trials in obstructive sleep apnea/hypopnea syndrome, shift work sleep disorder, and narcolepsy, to allow comparisons on efficacy, tolerability, and safety. We hypothesize that armodafinil will be shown to be efficacious on most or all measures, as well as be safe and well-tolerated.

1.2 Investigational Agent

Armodafinil (also referred to as CEP-l 0953 and R-modafinil) is the levorotatory (R) enantiomer of the racemic compound modafinil. Like modafinil, armodafinil is a wakefulness-promoting agent. Modafinil tablets are marketed in the United States (US) as Provigil; armodafinil is not yet marketed. In the US, modafinil and armodafinil are approved to improve wakefulness in patients with excessive sleepiness associated with obstructive sleep apnea/hypopnea syndrome (OSAHS), narcolepsy, and shift work sleep disorder (SWSD); for patients with OSAHS, modafinil and armodafinil are indicated as adjunctive treatment to standard therapy for the underlying obstruction. 

Armodafinil is a white to off-white crystalline powder that is very slightly soluble in water, sparingly soluble in methanol, and soluble in acetone.  Armodafinil film-coated tablets contain 50 mg of armodafinil and the following inactive ingredients: lactose monohydrate, starch, microcrystalline cellulose, croscarmellose sodium, magnesium stearate, and movidine. The tablet coating contains lactose, hydroxypropyl methylcellulose, triacetin, and a colorant. Armodafinil tablets are supplied as 60 tablets per bottle and in blister plackages. Armodafinil tablets should be stored at 68ºF – 77ºF.
All information in Sections 1.2 to 1.4 pertain to data and text provided in the Armodafinil Investigator’s Brochure, the NUVIGIL (armodafinil) package insert, and the published peer-reviewed papers on armodafinil (21-26).
1.3 Preclinical Data

Armodafinil has been evaluated in nonclinical pharmacology, pharmacokinetics, and drug metabolism studies. In addition, armodafinil was evaluated, according to regulatory guidelines, in nonclinical toxicology studies (including acute, repeat-dose, and a series of safety pharmacology studies). These studies evaluated the potential adverse effects of armodafinil. Animal studies have shown that armodafinil is generally well tolerated and does not consistently produce any specific target-organ toxicity. 
More specifically, in all repeat-dose studies in rats (doses up to 600 mg/kg) and dogs (doses up to 50 mg/kg), there was no armodafinil-related mortality at any of the doses tested. Consistent observations across species at high doses were body weight loss or decreased body weight gain, decreased food consumption, increased liver weights accompanied by microscopic evidence of hepatocellular hypertrophy, and slight decreases in red cell parameters (RBC, hemoglobin, and/or packed cell volume). The mechanism of the alterations in red cell parameters is not clear; however, the same effect has been seen in nonclinical toxicity studies with racemic modafinil. In vitro assessment of hemolytic potential and evaluation of erythrocyte fragility of racemic modafinil in rat, dog, and human whole blood did not indicate that modafinil has a direct effect on erythrocytes. Increases in liver weights are consistent with the known hepatic enzyme induction properties of racemic modafinil in rats and dogs. 

The following isolated observations, considered mild in nature, were also seen in rats and/or dogs: increased WBC and lymphocyte counts, increased and decreased serum alkaline phosphatase, increased total bilirubin, decreased serum AST, increased serum cholesterol, simple hyperplasia and increased apoptosis of the urinary bladder urothelium, increased splenic hematopoiesis, increased nephropathy, and increased cellularity of bone marrow. 
1.4 Clinical Data to Date
1.4.1   Overview
The precise mechanism(s) through which armodafinil or modafinil promote wakefulness is unknown. Both armodafinil and modafinil have shown essentially similar pharmacologic properties in nonclinical animal and in vitro studies. The pharmacologic profile of armodafinil and modafinil are distinct from that of sympathomimetic agents. In particular, armodafinil and modafinil produced similar levels of wake enhancement in animals without producing the hyperlocomotion, hyperthermia, or rebound hypersomnolence produced by methamphetamine at equivalent wakefulness-promoting doses. Unlike sympathomimetic agents, modafinil does not reduce cataplexy in narcoleptic canines. Like modafinil, armodafinil has minimal effects on cardiovascular and hemodynamic parameters. 
As noted above, toxicokinetic support has been supplied to nonclinical (toxicity) safety studies conducted with armodafinil in rats and dogs after both single- and repeat-dose administration. Systemic exposure of the animals to armodafinil was demonstrated in all of the studies and was found to increase in a dose-related manner. In the repeat-dose studies, the plasma concentrations of armodafinil for both species tended to be lower after multiple doses than after the initial dose. No consistent sex-related differences were noted in the studies. 

1.4.2   Clinical Pharmacology Data
Armodafinil is metabolized via multiple pathways. The most rapid, an esterase/amidase hydrolysis of the amide moiety, is not related to the cytochrome P450 (CYP) system, while other pathways metabolize the compound at a significantly slower rate. As a result, it is unlikely that concomitant medications will have a substantive effect on the overall pharmacokinetic profile of armodafinil due to CYP inhibition. In vitro data demonstrated that armodafinil shows an inductive response for CYPIA2 and CYP3A4/5 activity in a concentration-related manner, and demonstrated that CYP2C19 activity was inhibited by armodafinil. Results of clinical studies indicate that armodafinil does not induce CYPIA2 in vivo but has been shown to be a moderate inducer of CYP3A4/5 and moderate inhibitor of CYP2CI9. 

After single doses (50 to 400 mg) of armodafinil were given to healthy men, the half-life of armodafinil ranged from 11.5 to 14.7 hours. Furthermore, the pharmacokinetics of armodafinil were essentially linear (dose independent) through 300 mg, as reflected in the approximately dose-proportional increases in mean Cmax and AUCo-~. In a multiple-dose study in healthy men, after single oral doses of 50 to 400 mg of armodafinil on day 1, the pharmacokinetics were essentially linear, with approximately dose-proportional increases in mean Cmax and AUCo-~ in this dose range. Dose proportionality was maintained after 7 or 14 days of once-daily administration at these doses, but absolute plasma concentrations were increased over those obtained after the single dose (mean R on day 14 averaged 1.4 to 1.9), as expected given the estimated terminal t1/2 (15 hr). Armodafinil appeared to be at or near pharmacokinetic steady state within 7 days of administration. 

1.4.3.   Clinical Efficacy Data

In clinical studies, the efficacy and safety of armodafinil treatment demonstrated in 4 Phase 3, 12-week, randomized, double-blind, placebo-controlled, parallel-group efficacy/safety studies (2 studies in OSAHS, 1 study in SWSD, and 1 study narcolepsy) in adults with excessive sleepiness associated with OSAHS, SWSO, or narcolepsy. Two additional Phase 3 open-label, long-term (12 months or more) efficacy/safety studies in the same patient populations have recently been completed. The efficacy results of the 4 Phase 3 double-blind, placebo-controlled studies and the combined safety results for amlodafinil-treated patients from the 4 double-blind studies the 2 open-label studies are briefly summarized below. 
One study in patients with OSAHS evaluated armodafinil treatment at dosages of 150 and 250 mg/day; a second study with OSAHS evaluated armodafinil treatment at only150 mg/day. In both studies, amlodafinil at 150 or 250 mg/day significantly improved wakefulness in patients with excessive sleepiness associated with OSAHS on adequate nasal continuous positive airway pressure (nCPAP) therapy, as assessed by the dual primary outcome measures of the Maintenance of Wakefulness Test (MWT) and Clinical Global Impression of Change (CGI-C). The efficacy of armodafinil shown by the primary outcome measures was supported by the positive results of the Epworth Sleepiness Scale (ESS), with additional evidence that armodafinil improved fatigue (as assessed by the improvements in average fatigue score from the Brief Fatigue Inventory [BFI]) and quality of episodic secondary memory (as measured by the Cognitive Drug Research [CDR] system tests). Treatment with armodafinil was well tolerated with no adverse effect on sleep or nCPAP therapy use. 
In the study in patients with SWSD, armodafinil at a dose of 150 mg taken on nights worked significantly improved wakefulness in patients with SWSD, as assessed by the dual primary outcome measures of the Multiple Sleep Latency Test (MSL T) and the CG I-C. The efficacy of armodafinil shown by the primary outcome measures was supported by the positive results of the Karolinska Sleepiness Scale (KSS) and the improvement of memory and attention as demonstrated by the results of the CDR system tests. Clinical benefit was demonstrated at the first posttreatment visit (after 4 weeks of treatment) and was sustained over time with armodafinil treatment. Armodafinil was generally well tolerated in patients with SWSD and had no adverse effect on sleep. 
In the study in patients with narcolepsy, annodafinil at 150 or 250 mg/day significantly improved wakefulness in patients with excessive sleepiness associated with narcolepsy, as assessed by the dual primary outcome measures of MWT and CGI-C. The efficacy of armodafmil shown by the primary outcome measures was supported by the positive results of the ESS. Treatment with armodafinil also provided sustained wakefulness later in the day. In addition, treatment with armodafinil significantly improved memory and attention (as measured by CDR system tests), and fatigue (as measured by the BFI). Clinical benefit was demonstrated at the first posttreatment visit (after 4 weeks of treatment) and was sustained over time with armodafinil treatment. Armodafinil was generally well tolerated and had no adverse effect on nighttime sleep. 
Of the 1277 patients treated with armodafinil in 6 Phase 3 studies (data cut-off 15 January 2006), 766 (60%) received 6 months or more of treatment and 535 (42%) received at least 12 months of treatment. Total exposure to armodafinil was 1012.08 patient-treatment years. 

1.4.4   Clinical Safety Data

The evaluation of the safety of armodafinil treatment in patients with SWSD, OSAHS, or narcolepsy presented in this section is based on data from 4 Phase 3, double-blind studies and 2 long-term open-label studies. Of the 1277 patients treated with armodafinil in these studies (data cut-off  15 January 2006), 766 (60%) received 6 months or more of treatment and 535 (42%) received at least 12 months of treatment. Total exposure to armodafinil was 1012.08 patient-treatment years. 

Most adverse events seen with armodafinil treatment in the 6 Phase 3 studies were mild to moderate in severity, were self-limiting, and required no action in regard to study drug administration. The most frequently reported (at least 5% of patients overall) adverse events in the Phase 3 studies combined were headache (24%), insomnia (13%), nasopharyngitis (11%), nausea (10%), anxiety and upper respiratory tract infection (8% each), dizziness (7%), sinusitis and arthralgia (6% each), and influenza, diarrhea, dry mouth, back pain, and hypertension (5% each). The incidence of most adverse events was comparable across sleep disorder populations. Most patients who reported adverse events had events that were mild or moderate in severity; 165 (13%) patients had at least 1 severe adverse event. Headache was reported as severe in 20 (2%) patients; all other severe adverse events occurred in less than 1% of patients. The most common treatment-related adverse events were headache (19%), insomnia (11 %), nausea (7%), dizziness (6%), anxiety (6%), and dry mouth (5%). Treatment-related headaches were considered severe in 1% of patients. 
Of the 1277 armodafinil-treated patients, 1083 (85%) patients reported at least 1 adverse event during the first 12 months of treatment. A total of 641 (50%) had adverse events within the first 2 weeks of treatment, and 973 (76%) had adverse events within the first 3 months of treatment. Between 3 and 6 months of treatment and between 6 and 12 months of treatment, only a slight increase in overall adverse event incidence was observed. Of the most common adverse events (at least 5% of patients in each diagnosis group), headache, insomnia, nausea, and anxiety were most likely to occur during the first month of treatment; the incidence of nasopharyngitis and upper respiratory tract infection increased gradually through 12 months of treatment. 
For the studies combined, serious adverse events were reported for 67 (5%) patients during armodafinil treatment, including 49 patients with OSAHS, 10 patients with SWSD, and 8 patients with narcolepsy. Serious adverse events reported by more than 1 patient each were chest pain (6 patients with OSAHS and 1 patient with SWSD), nephrolithiasis (3 patients with OSAHS and 1 patient with SWSD), myocardial infarction (4 patients with OSAHS), coronary artery disease (1 patient with OSAHS and 1 patient with narcolepsy), hemorrhoidal hemorrhage (1 patient with OSAHS and 1 patient with narcolepsy), cellulitis (2 patients with OSAHS), prostate cancer (2 patients with OSAHS), pulmonary embolism (2 patients with OSAHS), and hypertension (1 patient with OSAHS and 1 patient with narcolepsy). Two occurrences of pulmonary embolism and 1 occurrence each of myocardial infarction, depression, chest pain, ventricular tachycardia, suicidal depression, headache, thrombosis, asthma, and hypertension were considered possibly related to study drug; all other serious adverse events were considered to be either not related or unlikely to be related to study drug. 
Overall, 195 (15% overall) patients discontinued armodafinil treatment due to adverse events, including 18% of patients with OSAHS, 13% of patients with narcolepsy, and 9% of patients with SWSD. The most frequent (≥1%) adverse events leading to withdrawal were headache (30 patients, 2%), anxiety (19 patients, 1%), nausea (14 patients, 1%), and insomnia (13 patients, 1%). All other adverse events leading to withdrawal occurred in less than 1% of the patients. In general, the types of adverse events that caused withdrawal were similar among the 3 sleep disorder populations. Among patients with narcolepsy, the most frequent (≥1%) adverse events leading to withdrawal were headache (7 patients, 3%) and anxiety (4 patients, 2%). Among patients with OSAHS, the most frequent adverse events leading to withdrawal were headache (17 patients, 2%), anxiety (12 patients, 2%), nausea (10 patients, 1%), and insomnia (8 patients, 1%). Among patients with SWSD, the most frequent adverse events leading to withdrawal were headache (6 patients, 2%), anxiety (3 patients, 1%), and insomnia (3 patients, 1%). Adverse events leading to withdrawal for 153 (12% overall) patients were considered treatment-related. 
Changes from baseline in most serum chemistry parameters were minimal among patients treated with armodafinil (for up to 24 months). At endpoint, mean increases from baseline in alkaline phosphatase (4.3 U/L) and GGT (7.7 U/L) were observed. There was an increase in mean alkaline phosphatase and GGT values up to approximately 15 months of treatment. There were no trends noted for any other liver function test. The only other notable change was a mean decrease in uric acid from baseline to endpoint (-15.1 µmol/L). 

In all Phase 3 studies combined, mean pulse and systolic and diastolic blood pressure values increased slightly from baseline to month 18. Small mean increases in ventricular rate and decreases in RR interval were observed over time. These changes were consistent with the mean increase in pulse over time. 

Of the 1595 adult patients treated with armodafinil in clinical studies, no serious skin reactions, apart from the case of angioedema discussed below, have been reported as related to treatment with armodafinil. Armodafinil has not been studied in pediatric patients in any setting and is not approved for use in pediatric patients for any indication. 

Additional Safety Information

Information provided in this section is consistent with the information provided in the final labelling for armodafinil and includes clinical data from 1595 patients with excessive sleepiness who were treated with armodafinil in a total of 8 Phase 3 studies as of 27 July 2006. 

Serious Skin Rash

Serious rash requiring hospitalization and discontinuation of treatment has been reported in adults and children in association with the use of modafinil, a racemic mixture of S- and R-modafinil (the latter is armodafinil). 
In clinical studies with modafinil (the racemate), the incidence of rash resulting in withdrawal from a study was approximately 0.8% (13 per 1585) in pediatric patients (age < 17 years), including 1 case of possible Stevens-Johnson syndrome (SJS) and 1 case of apparent multi-organ hypersensitivity reaction. Several of the cases were associated with fever and other abnormalities (eg, vomiting, leukopenia). No serious skin reactions have been reported in clinical studies with modafinil in adults (0 per 4264); however, rare cases of serious or life-threatening rash, including SJS, toxic epidermal necrolysis (TEN), and drug rash with eosinophilia and systemic symptoms (DRESS) have been reported in adults and children in worldwide post marketing experience. The reporting rate of TEN and SJS associated with modafinil use, which is generally accepted to be an underestimate due to underreporting, exceeds the background incidence rate. Estimates of the background incidence rates for these serious skin reactions in the general population range between 1 and 2 cases per million person-years. 

Because armodafinil is the R-isomer of racemic modafinil, a similar risk of serious rash with armodafinil cannot be ruled out. 

There are no factors that are known to predict the risk of occurrence or the severity of rash associated with modafinil or armodafinil treatment. Nearly all cases of serious rash associated with modafinil occurred within 1 to 5 weeks after treatment initiation. However, isolated cases have been reported after prolonged treatment (eg, 3 months). Accordingly, duration of therapy cannot be relied upon as a means to predict the potential risk heralded by the first appearance of a rash. 

Although benign rashes also occur with armodafinil treatment, it is not possible to reliably predict which rashes will prove to be serious. Accordingly, treatment with armodafinil should ordinarily be discontinued at the first sign of rash, unless the rash is clearly not drug-related. Discontinuation of treatment may not prevent a rash from becoming life-threatening or permanently disabling or disfiguring. 
Concomitant Treatment with Armodafinil and Mood Stabilizers

Some mood stabilizers (eg, lamotrigine, oxcarbazepine) used in the treatment of bipolar disorder have individually been associated with certain serious skin reactions (ie, erythema multiforme [EM], SJS, TEN, and/or a generalized hypersensitivity reaction, also known as DRESS), which sometimes may be fatal. Individual risks of occurrence of such events with modafinil (the racemate) and armodafinil treatment are described above). Six out of 16 patients who developed such events in postmarketing use of modafinil were taking both a mood stabilizer and modafinil, possibly suggesting a larger risk when both drugs are used in combination than when used individually. Drugs should be stopped at the first sign of rash, and subjects who develop a rash should be evaluated by appropriate medical personnel. 
Angioedema and Anaphylactoid Reactions 

One serious case of angioedema and 1 case of hypersensitivity (with rash, dysphagia, and bronchospasm) were observed among 1,595 patients treated with annodafinil. Patients should be advised to discontinue therapy and immediately report to their physician any signs or symptoms suggesting angioedema or anaphylaxis (eg, swclling of face, eyes, lips, tongue, or larynx; difficulty in swallowing or breathing; hoarseness). 

Multi-Organ Hypersensitivity Reactions 

Multi-organ hypersensitivity reactions, including at least 1 fatality in postmarketing experience, have occurred in close temporal association (median time to detection 13 days: range 4-33 days) to the initiation of modafinil treatment. A similar risk of multi​organ hypersensitivity reactions with armodafinil cannot be ruled out. 

Although there have been a limited number of reports, multi-organ hypersensitivity reactions may result in hospitalization or be life threatening. There are no factors that are known to predict the risk of occurrence or the severity of multi-organ hypersensitivity reactions associated with modafinil treatment. Signs and symptoms of this disorder were diverse; however, patients typically, although not exclusively, had fever and rash associated with other organ system involvement. Other associated manifestations included myocarditis, hepatitis, liver function abnormalities, hematologic abnormalities (eg, eosinophilia, leukopenia, thrombocytopenia), pruritis, and asthenia. Because multi​organ hypersensitivity is variable in its expression, other organ system symptoms and signs, not noted here, may occur. 

If a multi-organ hypersensitivity reaction is suspected, armodafinil treatment should be discontinued. Although there are no case reports to indicate cross-sensitivity with other drugs that produce this syndrome, experience with drugs associated with multi-organ hypersensitivity would indicate this to be a possibility. 

Psychiatric Adverse Events 

Psychiatric adverse events have been reported in patients treated with modafinil. The incidence and types of psychiatric symptoms associated with armodafinil treatment are likely to be similar to the incidence and types of these events associated with modafinil treatment. 

Postmarketing adverse events associated with the use of modafinil have included mania, delusions, hallucinations, and suicidal ideation, some resulting in hospitalization. Many, but not all, patients had a prior psychiatric history. One healthy male volunteer developed ideas of reference, paranoid delusions, and auditory hallucinations in association with multiple daily 600-mg doses of modafinil and sleep deprivation. There was no evidence of psychosis 36 hours after drug discontinuation. In the controlled study database for armodafinil, anxiety, agitation, nervousness, and irritability were reasons for treatment discontinuation more often in patients receiving armodafinil compared to those receiving placebo (armodafinil 1.2% and placebo 0.3%). In the controlled studies with armodafinil, depression was also a reason for treatment discontinuation more often in patients receiving armodafinil compared to those receiving placebo (armodafinil 0.6% and placebo 0.2%). Two cases of suicidal ideation were observed for patients in clinical studies. Caution should be exercised when armodafinil is given to patients with a history of psychosis, depression, or mania. If psychiatric symptoms develop in association with armodafinil administration, consider discontinuing armodafinil. 
Abuse Liability

Like modafinil, armodafinil is considered a Schedule IV Controlled Substance. Since modafinil and amphetamine-like substances share wake-promoting effects, it was important to assess whether modafinil might also have a potential for abuse. 

Nonclinical studies indicate a mechanism of action that is distinct from that of amphetamine or methylphenidate. In studies conducted with rats, the abuse potential of modafinil as compared to d-amphetamine and cocaine was assessed by behavioral responses including drug substitution, discrimination, and self-administration. These studies indicate that modafinil is not reinforcing in rats. A self-administration study in monkeys indicated that, in the primate model, modafinil was 10-fold less reinforcing than d-amphetamine and 3-fold less than 1-ephedrine. 
In human studies, modafinil differed from methylphenidate by its lesser identification as a substance that produces a pleasurable effect on the Drug Identification Questionnaire and by the relative lack of significant responses on both the amphetamine and morphine-benzedrine scales of the Addiction Research Center 1nventory. The profile of physiologic effects for modafinil also differed from methylphenidate, indicating that modafinil is not an amphetamine-like agent. Modafinil was psychoactive and behaviorally active in women; however, in this population, no consistent dose response was present on the nonphysiological measures of abuse liability. 

Modafinil and armodafinil have low solubility in water and are unstable at temperatures of 180°C or greater, properties that reduce the potential for abuse via iv injection and smoking, respectively. 
Cardiovascular

Armodafinil has not been evaluated to any appreciable extent in patients with a recent history of myocardial infarction or unstable angina. It is recommended that armodafinil not be used in patients with a history of left ventricular hypertrophy or in patients with mitral valve prolapse who have experienced the mitral valve prolapse syndrome when previously receiving CNS stimulants. Signs of mitral valve prolapse syndrome include, but are not limited to, ischemic ECG changes, chest pain, and arrhythmia. 
Blood pressure monitoring in short-term (≤3 months) controlled studies showed only small average increases in mean systolic and diastolic blood pressure in patients receiving armodafinil, as compared with placebo (1.2 to 4.3 mm Hg in the various groups). There was also a slightly greater proportion of armodafinil-treated patients who required new or increased use of antihypertensive medications (2.9%) compared to placebo-treated patients (1.8%). 

Patients Using Steroidal Contraceptives or Cyclosporine 
The effectiveness of steroidal contraceptives may be reduced during armodafinil treatment and for 1 month after discontinuation of treatment. Alternative or concomitant methods of contraception are recommended for patients treated with armodafinil and for 1 month after discontinuation of treatment. 

1.5 Dose Rationale and Risk/Benefits

The clinical study data in patients with OSA, narcolepsy, and shift-work disorder has shown that armodafinil at 150-250 mg per day is well-tolerated and efficacious. We will use a similar dosing schedule in this protocol, with the patient receiving 3 of the 50 mg tablets (150 mg) every morning over the initial 2-4 weeks, and if well-tolerated, increase to a maximum of 5 of the 50 mg tablets (250 mg) every morning. 
DLB is a progressive and ultimately fatal neurodegenerative disorder for which no therapy can slow down the rate of progression. The key management strategy is using medication and non-medication approaches to maximize quality of life. Since cognitive impairment, excessive daytime sleepiness, and neuropsychiatric morbidity (visual hallucinations, delusions, depression, apathy) all compromise quality of life, any intervention which could improve these features and is also safe and well-tolerated would be desirable in this patient population.

2 Study Objectives

In patients with DLB, the following aims/objectives will be addressed by comparing data on key measures at baseline and at 4 and 12 weeks of therapy:

Primary Aims – to test the hypotheses that armodafinil therapy at 150-250 mg every morning: 

· will result in improvement in excessive daytime sleepiness as measured by the Epworth Sleepiness Scale (ESS) and Maintenance of Wakefulness Test (MWT) (Aim 1A)

· will result in improvement in the cognitive subscale of the Alzheimer’s Disease Assessment Scale (ADAS-Cog) (Aim 1B)

· will result in improvement in the Alzheimer’s Disease Cooperative Study-Clinician’s Global Impression of Change (ADCS-CGIC) (Aim 1C)

· will be well-tolerated with no significant side-effects present (Aim 1D)

Secondary Aims – to test the hypotheses that armodafinil therapy at 150-250 mg every morning will result in improvement in:

· cognition as measured by the Mini-Mental State Examination (MMSE) and other focused neuropsychological tests (Aim 2A)

· neuropsychiatric morbidity, particularly apathy, depression, visual hallucinations, and delusions, as measured by the Neuropsychiatric Inventory (NPI) (Aim 2B)

· functional status as measured by the Alzheimer’s Disease Cooperative Study-Activities of Daily Living (ADCS-ADL) (Aim 2C)

· patient and caregiver quality of life as measured by the linear analog scales (QOL-LASAs) (Aim 2D)

3 Study Design

3.1 General Design

This protocol is a phase IV, open label, single-center pilot study of armodafinil in patients with dementia with Lewy bodies 

· Each subject will be followed over 12 weeks of armodafinil therapy
· Due to inclusion/exclusion criteria, a span of 2 years is expected to recruit, screen, and evaluate efficacy and safety of the 20 subjects

3.2 Primary Study Endpoints

· The primary efficacy endpoints relate to the degrees of daytime hypersomnolence and cognitive impairment potentially impacted by armodafinil therapy. 
3.3 Secondary Study Endpoints

· The secondary efficacy endpoints relate to measures of cognition, neuropsychiatric morbidity, functional status, and patient and caregiver quality of life 
3.4 Primary Safety Endpoints

· The primary safety/tolerability endpoints relate to side effects and derangements on laboratory tests.

4 Subject Selection and Withdrawal

4.1 Inclusion Criteria

· Diagnosis of clinically possible or probable DLB using established criteria

· Age 50-90 inclusive

· Epworth Sleepiness Scale score of 8 or greater

· MMSE scores between 10 and 26 inclusive

· No active medical disorder that could preclude participation in a drug treatment trial over a 12 week protocol

· Stable medication regimen over previous four weeks

· Absence of psychotropic medications at doses viewed by the clinician to be significantly impacting the patient’s alertness during wakefulness

· Absence of clinically significant primary sleep-related breathing disorder causing sleepiness as demonstrated by polysomnography (PSG):

· No significant upper airway resistance syndrome (UARS), obstructive sleep apnea (OSA), nor central sleep apnea (CSA) [combined respiratory disturbance index (RDI) <15]



OR 

· Adequate documentation of efficacy of treatment for primary sleep disorders:

· nasal continuous positive airway pressure (CPAP) efficacious for UARS or OSA as shown by CPAP compliance data

· bilevel positive airway pressure and/or oxygen, or adaptive servo ventilation (ASV), efficacious for mixed OSA/CSA or CSA as shown by oximetry, bilevel PAP/ASV compliance data, or PSG

· Caregiver that is with the patient at least 4 hours/day for at least 5 days per week

· Patient and caregiver willing and able to participate in all study-related procedures

· Patient is capable of giving informed consent, or if appropriate, has caregiver capable of giving consent on the subject’s behalf.
4.2 Exclusion Criteria
· Does not fulfill criteria for clinically possible or probable DLB

· Age <50 or >90

· Women with intact uterus and not post-menopausal unless pregnancy test performed at screening is negative

· Epworth Sleepiness Scale score less than 8

· MMSE score <10 or >26

· Active medical disorder that could preclude participation in a drug treatment trial over a 52 week protocol

· Hypertension with BP readings exceeding 150 mm Hg systolic and 90 mm Hg diastolic

· Hypersensitivity to modafinil, armodafinil, or any other conventional stimulants

· Myocardial infarction or cerebral infarct over preceding year, stable or unstable angina, known symptomatic coronary artery disease
· History of left ventricular hypertrophy or mitral valve prolapse

· History of chronic or paroxysmal atrial fibrillation, chronic or paroxysmal atrial flutter, ventricular fibrillation, or ventricular tachycardia

· History of cancer over preceding 1 year (excluding squamous or basal cell carcinoma of the skin)

· History of Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), and drug rash with eosinophilia and systemic symptoms (DRESS)
· Pulmonary disease requiring oral or inhalatory medications 

· Any other medical disorder considered by the study physicians as inappropriate for any wake-promoting medication

· Medication regimen has not been stable over preceding four weeks

· Concurrent use of lamotrigine or oxcarbazepine
· Presence of over-the-counter and prescription psychotropic medications at doses viewed by the clinician to be significantly impacting the patient’s alertness during wakefulness

Examples:

· Clonazepam > 1 mg/night

· Seroquel > 100 mg/night

· Zyprexa > 10 mg/night

· Presence of another clinically-significant primary sleep disorder (eg, UARS, OSA, CSA) that is not being treated

· No clinically significant abnormalities on screening ECG or laboratory tests

· Patient or caregiver unwilling or unable to participate in all study-related procedures

· Caregiver is not with patient at least 4 hours/day for at least 5 days/week

· Patient or caregiver unwilling or unable to provide informed consent

4.3 Subject Recruitment and Screening

Subjects will be recruited from the Section of Behavioral Neurology at Mayo Clinic Rochester. Newly evaluated as well as established patients already being followed by one of the five behavioral neurologists in the Section will be eligible. Each subject will carry a diagnosis of clinically possible or probable DLB following a comprehensive neurobehavioral evaluation. All screening measures are shown in the Study Procedures section.
4.4 Early Withdrawal of Subjects

4.4.1 When and How to Withdraw Subjects

Subjects will be withdrawn from the study if any of the following occurs:
· Safety concerns – untoward side-effects, abnormal laboratory findings that are clinically-significant, serious adverse event possibly or probably related to the study drug

· Failure of the subject and/or caregiver to adhere to protocol requirements

· Subject consent withdrawal

Since armodafinil is a wake-promoting agent with no known deleterious effects upon abrupt discontinuation, the medication will be stopped abruptly if participation is withdrawn.

4.4.2 Data Collection and Follow-up for Withdrawn Subjects

Only those subjects and caregivers who are willing and able to return to the clinic for regular follow-up evaluations will be enrolled. Almost all DLB patients evaluated at Mayo Clinic Rochester who reside within a 200 mile radius are followed longitudinally by a behavioral neurologist over several years, many of whom through death. Every attempt will be made to continue following participants of this study – both those who withdraw and those who complete participation – either in person (preferably) or by telephone, so that further clinical data and potentially survival data can be gathered. 
For those who do not return for scheduled appointments, at least 3 attempts by phone will be made to contact the patient and caregiver. If unsuccessful, provided that written authorization has been provided to contact other next of kin, at least 3 attempts by telephone will be made to the next of kin. If still unsuccessful, a certified letter will be sent to the patient/caregiver, and if this is unsuccessful, a certified letter will be sent to the next of kin. Only those subjects who still cannot be reached will be considered “lost to follow-up”.
5 Study Drug 

5.1 Description

Armodafinil is the pure R-entantiomer of the racemic compound, modafinil, which is the active ingredient in the commercial project modafinil tablets. Armodafinil is a white to off-white crystalline powder that is very slightly soluble in water, sparingly soluble in methanol, and soluble in acetone.  Armodafinil film-coated tablets contain 50 mg of armodafinil and the following inactive ingredients: lactose monohydrate, starch, microcrystalline cellulose, croscarmellose sodium, magnesium stearate, and movidine. The tablet coating contains lactose, hydroxypropyl methylcellulose, triacetin, and a colorant. Armodafinil tablets are supplied as 60 tablets per bottle and in blister plackages. Armodafinil tablets should be stored at 68ºF – 77ºF.

5.2 Treatment Regimen

Subjects will take 3 of the 50 mg tablets (150 MG) by mouth every morning shortly after awakening and preferably at least 30 minutes before their morning meal. This will continue from baseline through Visit 3, which spans 4 weeks of daily use of armodafinil at 150 mg/day by mouth every morning shortly after awakening and preferably at least 30 minutes before their morning meal.
At Visit 3, if the patient is toleration the medication, has sufficient hypersomnia and/or cognitive impairment that warrants an increase in the dose of armodafinil, and there are no concerning laboratory derangements, then the subject and caregiver will be instructed to increase the dosing to 5 of the 50 mg tablets (250 mg) by mouth every morning shortly after awakening and preferably at least 30 minutes before their morning meal. This regimen will continue over the next 8 weeks provided that the patient is tolerating it reasonably well.
Because some concurrent medications metabolized via the cytochrome P450 system – specifically CYP2C19 and CYP3A4/5 – may be altered by coadministration of armodafinil, those patients taking any of the medications listed in Appendix 1 will be particularly scrutinized, and more frequent telephone contacts will be made with the patients/caregivers who are using medications which induce or inhibit CYP2C19 and CYP3A4/5.   
5.3 Method for Assigning Subjects to Treatment Groups

This is an open-label protocol, and therefore all subjects will receive active treatment.
5.4 Preparation and Administration of Study Drug

The study medication will be prepared by Cephalon, Inc. staff and shipped to Mayo Clinic Rochester Pharmacy. The study coordinator will prepare the tablets in the manner most suited to ensure the currect number and timing of pills to be taken. The study coordinator will hand-deliver the next batch of study medications to the patient/caregiver. The number of tablets will be sufficient to cover the duration of time until the next scheduled follow-up visit.
5.5 Subject Compliance Monitoring

Because all subjects will, by definition of a DLB diagnosis, have cognitive impairment, caregivers will oversee compliance of medications along with the study team. During follow-up phone calls and in-person evaluations, pills will be counted. For those who have taken the medication correctly >95% of the time will continue active participation; for those who have not, participation will be discontinued.

5.6 Prior and Concomitant Therapy

All current medications, and medications taken over the preceding 3 months, will be recorded. Only those who have been on stable medications over the 4 weeks preceding the baseline visit are eligible for open-label treatment. Concurrent use of modafinil or any standard psychostimulant medication will not be permitted. Because of the known and challenging neuropsychiatric features and sleep disorders in DLB, concurrent use of psychoactive medications is permitted, with the exclusion for participation being:
· Presence of over-the-counter and prescription psychotropic medications at doses viewed by the clinician to be significantly impacting the patient’s alertness during wakefulness

Examples:

· Clonazepam > 1 mg/night

· Seroquel > 100 mg/night

· Zyprexa > 10 mg/night

5.7 Packaging

The subject/caregiver will be given bottles with sufficient number of 50 mg tablets
5.8 Blinding of Study Drug

Blinding is not necessary as this is an open-label study.
5.9 Receiving, Storage, Dispensing and Return

5.9.1 Receipt of Drug Supplies

Upon receipt of the of the study treatment supplies, an inventory will be performed and a drug receipt log filled out and signed by the person accepting the shipment.  The designated study staff will count and verify that the shipment contains all the items noted in the shipment inventory.  Any damaged or unusable study drug in a given shipment (active drug or comparator) will be documented in the study files.  The investigator will notify study sponsor of any damaged or unusable study treatments that were supplied to the investigator’s site.

5.9.2    Storage

As with other oral medication trials performed at our center, armodafinil tablets will be stored in a locked cabinet at the Mayo Alzheimer’s Disease Research Center. The temperature of the center is maintained within the temperature suggested for storing armodafinil tablets - 68ºF – 77ºF.
5.9.3    Dispensing of Study Drug

Regular study drug reconciliation will be performed to document drug assigned, drug consumed, and drug remaining.  This reconciliation will be logged on the drug reconciliation form, and signed and dated by the study team.
5.9.2 Return or Destruction of Study Drug

At the completion of the study, there will be a final reconciliation of drug shipped, drug consumed, and drug remaining.  This reconciliation will be logged on the drug reconciliation form, signed and dated.  Any discrepancies noted will be investigated, resolved, and documented prior to return or destruction of unused study drug.  Drug destroyed on site will be documented in the study files.

6 Study Procedures

6.1   Overview

As shown in the table below, participants will undergo a standard neurologic interview and examination, fill out questionnaires, and take some tests of memory and thinking skills. Subjects will also undergo a sleep study (polysomnogram or PSG). If the sleep study confirms that the subject does not have another sleep disorder such as sleep apnea, the next day he/she will undergo another study known as the Maintenance of Wakefulness Test (MWT) which measures one’s ability to stay awake while sitting quietly in a chair. The subject’s spouse will also be asked to complete some questionnaires as well. Subjects will then begin receiving Armodafinil tablets, initially at 150 mg per day every morning, and if this dose is well-tolerated, subjects will eventually increase the dose to 250 mg per day every morning.
6.2     Summary of study procedures:

Pt=patient, CG=spouse. Other abbreviations are spelled out in the pages that follow.


* the Neuropsychological Battery is shown in Appendix 2
6.3.1    Visit 1A

This visit is known as the screening visit, in which the subject will undergo a standard neurologic interview and examination, and take a short test of memory and thinking skills (the Mini-Mental Status Exam or MMSE). The subject’s bedpartner will be asked to complete a short sleep questionnaire known as the Mayo Sleep Questionnaire (MSQ).  Subjects will have 30 cc of blood drawn and analyzed in the lab to make sure the laboratory studies are within the normal range. Subjects will have an electrocardiogram (ECG) which measures the electrical activity of the heart. All procedures for this visit during the day will take 1-2 hours. 

Either that night or within a week of the daytime Visit 1A activities, subjects will undergo an overnight sleep study known as a PSG (more details below). The morning after the PSG has been done, subjects will meet with a sleep medicine physician to review the PSG results. This will take around 30 minutes. If the subject obtained sufficient sleep during the night, and don’t have significant sleep apnea, the subject will proceed to Visit 1B that very same day.  If the subject did not obtain at least five hours of total sleep time, he/she will not be eligible to continue in the study. Also, if there is evidence of significant sleep apnea, subjects will be counseled on undergoing another PSG so that the sleep apnea could be treated with a form of treatment known as continuous positive airway pressure or CPAP. Doctors can help arrange a PSG with a CPAP trial at a time that is convenient for the subjects, and that PSG would likely need to be paid for by standard insurance or Medicare.

In preparing for the PSG, subjects should follow the usual routine on the afternoon and evening of the sleep study, take all of the usual medications, but consume no more than one alcoholic beverage within 6 hours prior to starting the sleep study. For the sleep study, subjects will have wires attached to the scalp and legs, a small microphone taped to the  neck, small monitors taped to the nose, earlobe, and/or finger, and elastic bands worn around the chest and abdomen. Subjects will be asked to try to fall asleep, and sleep will be monitored. The sleep study will begin around 7 pm and will end around 6 am the following day, which is about 11 hours. The caregiver will be asked to also sleep in the same room to provide comfort and reorientation if needed – the caregiver will sleep in a cot which is placed near the bed.

6.3.2    Visit 1B  
If subjects qualify for continuing in the study based on the Visit 1A results, the subject will undergo another sleep test known as the Maintenance of Wakefulness Test (MWT). This test measures one’s ability to remain awake while sitting quietly in a chair. The test has 4 parts, each lasting 40 minutes if one is able to remain awake that long each time, and they are spaced apart in 2 hour intervals through the day. This test involves many of the same electrodes and monitoring equipment that is done in a PSG. 

In between these parts, the subject and caregiver will be asked to complete some questionnaires and perform additional tests. Subjects will be asked to complete a 10 question measure of quality of life, and he/she will also undergo a more detailed battery of tests of memory and thinking skills, including the neuropsychological assessment and Alzheimer’s Disease Assessment Scale-Cognitive subtest or ADAS-Cog.  The caregiver will be asked to fill out some questionnaires, which would include an 8 question measure of sleepiness (the Epworth Sleepiness Scale or ESS), a 12 item measure of neuropsychiatric problems (the Neuropsychiatric Inventory or NPI), a 10 item measure of functional abilities (the Alzheimer’s Disease Assessment Scale-Activities of Daily Living scale or ADAS-ADL),  and a 10 question measure of quality of life, which will be done while you are undergoing the neuropsychologic assessment.

The subject and caregiver will be meeting with the study coordinator at various times during the day. The MWT, questionnaires, memory tests, and meetings with the study coordinator will begin around 9 am and finish around 5 pm, and therefore take around 8 hours.

During this visit, the physician will review your laboratory tests and ECG results, and if they are acceptable, the subject/caregiver will be given the first set of study medications at this visit with detailed instructions of how to begin taking the medication the next day.
6.4    Visit 2 
Visit 2 will not be a formal visit to the clinic, but rather involve a telephone discussion with the study coordinator which can be done while the subject and caregiver are at home. This will occur around 2 weeks after one has completed Visit 1B. The study coordinator will ask questions about one’s progress and if one is having any side-effects with the Armodafinil therapy. The study coordinator will also ask the caregiver questions in order to complete some questionnaires which were completed in the earlier visits, namely the ESS and the NPI. If the subject is tolerating the Armodafinil medication well and one’s memory and sleepiness symptoms are markedly improved, he/she will be instructed to maintain the dose at 150 mg/day. If one is tolerating the Armodafinil medication well and the memory and sleepiness symptoms have not improved much, the subject and caregiver will be instructed to increase the dose to 250 mg/day. The whole telephone discussion will take about 60 minutes. 

6.5    Visit 3

Subjects will return to Mayo for this visit around 4 weeks after the baseline visit (Visit 1B). The subject will undergo a standard neurologic interview and examination, and take a short test of memory and thinking skills (the Mini-Mental Status Exam or MMSE). The study coordinator and physician will ask questions about progress and if one is having any side-effects with the Armodafinil therapy. The subject and caregiver will be interviewed to assess whether one has improved, stayed about the same, or worsened while taking the medication (the Alzheimer’s Disease Assessment Scale-Clinician’s Global Impression of Change or ADAS-CGIC). Subjects will have 30 cc of blood drawn and analyzed in the lab to make sure the laboratory studies are within the normal range. Subjects will have an electrocardiogram (ECG) which measures the electrical activity of the heart. Subjects will be asked to complete a 10 question measure of quality of life, and also undergo a more detailed battery of tests of memory and thinking skills, including the neuropsychological assessment and Alzheimer’s Disease Assessment Scale-Cognitive subtest or ADAS-Cog.  The caregiver will be asked to fill out some questionnaires, which would include an 8 question measure of sleepiness (the Epworth Sleepiness Scale or ESS), a 12 item measure of neuropsychiatric problems (the Neuropsychiatric Inventory or NPI), a 10 item measure of functional abilities (the Alzheimer’s Disease Assessment Scale-Activities of Daily Living scale or ADAS-ADL), and a 10 question measure of quality of life, which will be done while one is undergoing the neuropsychologic assessment. Depending on one’s progress, one will be instructed to continue taking take 150 mg/day (if significant improvement has occurred and the patient and caregiver is satisfied with the response) or increase to 250 mg/day dose of armodafinil. All of these procedures will take about 3-4 hours. 

6.6    Visit 4

You will return to Mayo for this visit around 4 weeks after Visit 3. You will undergo a standard neurologic interview and examination, and take a short test of memory and thinking skills (the Mini-Mental Status Exam or MMSE). The study coordinator and physician will ask you questions about your progress and if you are having any side-effects with the Armodafinil therapy. You and your caregiver will be interviewed to assess whether you have improved, stayed about the same, or worsened while taking the medication (the Alzheimer’s Disease Assessment Scale-Clinician’s Global Impression of Change or ADAS-CGIC). You will be asked to complete a 10 question measure of quality of life. Your caregiver will be asked to fill out some questionnaires, which would include an 8 question measure of sleepiness (the Epworth Sleepiness Scale or ESS), a 12 item measure of neuropsychiatric problems (the Neuropsychiatric Inventory or NPI), a 10 item measure of functional abilities (the Alzheimer’s Disease Assessment Scale-Activities of Daily Living scale or ADAS-ADL),  and a 10 question measure of quality of life. Depending on your progress, you will be instructed to take either the 150 mg/day or 250 mg/day dose of armodafinil. All of these procedures will take about 2-3 hours.

6.7    Visit 5

Approximately eight weeks after Visit 3, subjects will be asked to return for Visit 4 and complete all of the same procedures that were performed in Visit 3.  In addition, one will undergo the MWT to assess the ability to remain awake.  Therefore, subjects will undergo a standard neurologic interview and examination, and take a short test of memory and thinking skills (the Mini-Mental Status Exam or MMSE). The study coordinator and physician will ask questions about progress and if one is having any side-effects with the Armodafinil therapy. Subjects and caregivers will be interviewed to assess whether symptoms have improved, stayed about the same, or worsened while taking the medication (the Alzheimer’s Disease Assessment Scale-Clinician’s Global Impression of Change or ADAS-CGIC). Subjects will have 30 cc of blood drawn and analyzed in the lab to make sure the laboratory studies are within the normal range. Subjects will have an electrocardiogram (ECG) which measures the electrical activity of the heart. Subjects will be asked to complete a 10 question measure of quality of life, and also undergo a more detailed battery of tests of memory and thinking skills, including the neuropsychological assessment and Alzheimer’s Disease Assessment Scale-Cognitive subtest or ADAS-Cog.  The caregiver will be asked to fill out some questionnaires, which would include an 8 question measure of sleepiness (the Epworth Sleepiness Scale or ESS), a 12 item measure of neuropsychiatric problems (the Neuropsychiatric Inventory or NPI), a 10 item measure of functional abilities (the Alzheimer’s Disease Assessment Scale-Activities of Daily Living scale or ADAS-ADL),  and a 10 question measure of quality of life, which will be done while the subject is undergoing the neuropsychologic assessment. All of these procedures will take about 6-8 hours. 

7 Statistical Plan

7.1 Sample Size Determination

The is a pilot open-label study; sample size determination was not necessary.
7.2 Statistical Methods
Analyses of efficacy and safety data will be based on the intent-to-treat population, which is defined as all patients who receive at least the first dose of open-label study drug and provide at least one post-baseline assessment during open-label treatment. No patients will be excluded from the intent-to-treat population for safety. The primary and secondary aims will be addressed (see Section 2). Because this is an open-label study, the efficacy and safety results will be presented using descriptive statistics. Mean efficacy scores and mean change from baseline scores will be calculated for each study visit together with standard errors (SE) and 95% confidence intervals. For the safety analysis, AEs will be defined as treatment-emergent if they occur on or after administration of the first dose of study medication.
7.3 Subject Population(s) for Analysis

All-treated population - any subject who enrolls in the study and receives at least one dose of the study drug will be analyzed. 
8 Safety and Adverse Events

8.1 Definitions

Adverse Event

An adverse event (AE) is any symptom, sign, illness or experience that develops or worsens in severity during the course of the study.  Intercurrent illnesses or injuries will be regarded as adverse events.  Abnormal results of diagnostic procedures are considered to be adverse events if the abnormality:

· results in study withdrawal

· is associated with a serious adverse event

· is associated with clinical signs or symptoms

· leads to additional treatment or to further diagnostic tests

· is considered by the investigator to be of clinical significance

Serious Adverse Event

Adverse events are classified as serious or non-serious.  A serious adverse event is any AE that is: 

· fatal

· life-threatening

· requires or prolongs hospital stay

· results in persistent or significant disability or incapacity

· a congenital anomaly or birth defect

· an important medical event

Important medical events are those that may not be immediately life threatening, but are clearly of major clinical significance.   They may jeopardize the subject, and may require intervention to prevent one of the other serious outcomes noted above.  For example, drug overdose or abuse, a seizure that did not result in in-patient hospitalization, or intensive treatment of bronchospasm in an emergency department would typically be considered serious. 

All adverse events that do not meet any of the criteria for serious will be regarded as non-serious adverse events. 

Adverse Event Reporting Period
The study period during which adverse events must be reported is normally defined as the period from the initiation of any study procedures to the end of the study treatment follow-up.  For this study, the study treatment follow-up is defined as 30 days following the last administration of study treatment. 

Preexisting Condition

A preexisting condition is one that is present at the start of the study.  A preexisting condition will be recorded as an adverse event if the frequency, intensity, or the character of the condition worsens during the study period.
General Physical Examination Findings

At screening, any clinically significant abnormality will be recorded as a preexisting condition.  At the end of the study, any new clinically significant findings/abnormalities that meet the definition of an adverse event will also be recorded and documented as an adverse event. 

Post-study Adverse Event

All unresolved adverse events will be followed by the investigator until the events are resolved, the subject is lost to follow-up, or the adverse event is otherwise explained.  At the last scheduled visit, the investigator will instruct each subject to report any subsequent event(s) that the subject, or the subject’s personal physician, believes might reasonably be related to participation in this study.  The investigator will notify the study sponsor of any death or adverse event occurring at any time after a subject has discontinued or terminated study participation that may reasonably be related to this study.  The sponsor will also be notified if the investigator should become aware of the development of cancer or of a congenital anomaly in a subsequently conceived offspring of a subject that has participated in this study. 

Abnormal Laboratory Values

A clinical laboratory abnormality will be documented as an adverse event if any one of the following conditions is met: 

· The laboratory abnormality is not otherwise refuted by a repeat test to confirm the abnormality

· The abnormality suggests a disease and/or organ toxicity

· The abnormality is of a degree that requires active management; e.g. change of dose, discontinuation of the drug, more frequent follow-up assessments, further diagnostic investigation, etc.

Hospitalization, Prolonged Hospitalization or Surgery

Any adverse event that results in hospitalization or prolonged hospitalization will be documented and reported as a serious adverse event unless specifically instructed otherwise in this protocol.  Any condition responsible for surgery will be documented as an adverse event if the condition meets the criteria for and adverse event. 

Neither the condition, hospitalization, prolonged hospitalization, nor surgery are reported as an adverse event in the following circumstances:

· Hospitalization or prolonged hospitalization for diagnostic or elective surgical procedures for a preexisting condition.  Surgery will not be reported as an outcome of an adverse event if the purpose of the surgery was elective or diagnostic and the outcome was uneventful.

· Hospitalization or prolonged hospitalization required to allow efficacy measurement for the study.

· Hospitalization or prolonged hospitalization for therapy of the target disease of the study, unless it is a worsening or increase in frequency of hospital admissions as judged by the clinical investigator.

8.2 Recording of Adverse Events

At each contact with the subject, the investigator must seek information on adverse events by specific questioning and, as appropriate, by examination.  Information on all adverse events should be recorded immediately in the source document, and also in the appropriate adverse event module of the case report form (CRF).  All clearly related signs, symptoms, and abnormal diagnostic procedures results should recorded in the source document, though should be grouped under one diagnosis.

All adverse events occurring during the study period must be recorded.  The clinical course of each event should be followed until resolution, stabilization, or until it has been determined that the study treatment or participation is not the cause.  Serious adverse events that are still ongoing at the end of the study period must be followed up to determine the final outcome.  Any serious adverse event that occurs after the study period and is considered to be possibly related to the study treatment or study participation should be recorded and reported immediately.

8.3 Reporting of Serious Adverse Events

8.3.1 Study Sponsor Notification by Investigator

A serious adverse event must be reported to the study sponsor by telephone within 24 hours of the event.  A Serious Adverse Event (SAE) form must be completed by the investigator and faxed to the study sponsor within 24 hours.  The investigator will keep a copy of this SAE form on file at the study site.  Report serious adverse events by phone and facsimile to:

Jeffrey M. Dayno, M.D.

Vice President, Medical Services

Cephalon, Inc.

41 Moores Road

Frazer, PA  19355

Phone 610-883-5937

Fax 610-738-6669

At the time of the initial report, the following information should be provided:

	· Study identifier

· Study Center

· Subject number

· A description of the event

· Date of onset

· Current status
	· Whether study treatment was discontinued

· The reason why the event is classified as serious

· Investigator assessment of the association between the event and study treatment


Within the following 48 hours, the investigator must provide further information on the serious adverse event in the form of a written narrative.  This should include a copy of the completed Serious Adverse Event form, and any other diagnostic information that will assist the understanding of the event.  Significant new information on ongoing serious adverse events should be provided promptly to the study sponsor

8.3.2 EC/IRB Notification by Investigator

Reports of all serious adverse events (including follow-up information) must be submitted to the EC/IRB within 10 working days.  Copies of each report and documentation of EC/IRB notification and receipt will be kept in the Clinical Investigator’s binder.

8.3.3 FDA Notification by Sponsor

The study sponsor shall notify the FDA by telephone or by facsimile transmission of any unexpected fatal or life-threatening experience associated with the use of the drug as soon as possible but no later than 7 calendar days from the sponsor’s original receipt of the information.

If a previous adverse event that was not initially deemed reportable is later found to fit the criteria for reporting, the study sponsor will submit the adverse event in a written report to the FDA as soon as possible, but no later than 15 calendar days from the time the determination is made.

8.4 Unblinding Procedures
As this is an open-label study, blinding will not be performed.
8.5 Stopping Rules 

The following rules will apply for stopping the study:

· Any death or life-threatening serious adverse event considered probably related to the study medication

· Concern by the study team that any adverse events are occurring at a greater incidence than would be expected by a wake-promoting agent

8.6 Medical Monitoring

It is the responsibility of the Principal Investigator to oversee the safety of the study.  This safety monitoring will include careful assessment and appropriate reporting of adverse events as noted above, as well as the construction and implementation of a site data and safety-monitoring plan (see section 9 Auditing, Monitoring and Inspecting).  Medical monitoring will include a regular assessment of the number and type of serious adverse events.

9 Data Handling and Record Keeping

9.1 Confidentiality

Information about study subjects will be kept confidential and managed according to the requirements of the Health Insurance Portability and Accountability Act of 1996 (HIPAA).  Those regulations require a signed subject authorization informing the subject of the following: 

· What protected health information (PHI) will be collected from subjects in this study

· Who will have access to that information and why

· Who will use or disclose that information

· The rights of a research subject to revoke their authorization for use of their PHI. 

In the event that a subject revokes authorization to collect or use PHI, the investigator, by regulation, retains the ability to use all information collected prior to the revocation of subject authorization.  For subjects that have revoked authorization to collect or use PHI, attempts should be made to obtain permission to collect at least vital status (i.e. that the subject is alive) at the end of their scheduled study period.

9.2 Source Documents

Source data is all information, original records of clinical findings, observations, or other activities in a clinical trial necessary for the reconstruction and evaluation of the trial.  Source data are contained in source documents   Examples of these original documents, and data records include: hospital records, clinical and office charts, laboratory notes, memoranda, subjects’ diaries or evaluation checklists, pharmacy dispensing records, recorded data from automated instruments, copies or transcriptions certified after verification as being accurate and complete, microfiches, photographic negatives, microfilm or magnetic media, x-rays, subject files, and records kept at the pharmacy, at the laboratories, and at medico-technical departments involved in the clinical trial. All such documents and data will be maintained and stored in the electronic medical record and in secure files.
9.3 Case Report Forms

The study case report form (CRF) is the primary data collection instrument for the study.  All data requested on the CRF will be recorded.  All missing data must be explained.  If a space on the CRF is left blank because the procedure was not done or the question was not asked, we will write “N/D”.  If the item is not applicable to the individual case, we will write “N/A”.  All entries will be printed legibly in black ink.  If any entry error has been made, to correct such an error, we will draw a single straight line through the incorrect entry and enter the correct data above it.  All such changes will be initialed and dated.  WE WILL NOT ERASE OR WHITE OUT ERRORS.  For clarification of illegible or uncertain entries, we will print the clarification above the item, then initial and date it.

9.4 Records Retention

It is the investigator’s responsibility to retain study essential documents for at least 2 years after the last approval of a marketing application in their country and until there are no pending or contemplated marketing applications in their country or at least 2 years have elapsed since the formal discontinuation of clinical development of the investigational product.  These documents will be retained for a longer period if required by an agreement with the sponsor.  In such an instance, it is the responsibility of the sponsor to inform the investigator/institution as to when these documents no longer need to be retained. 

10 Study Monitoring, Auditing, and Inspecting

10.1 Study Monitoring Plan

This study will be monitored by weekly meetings among the key study investigators.  The principal investigator and study coordinator will allocate adequate time for such monitoring activities.  The principal investigator will also ensure that the monitor or other compliance or quality assurance reviewer is given access to all the above noted study-related documents and study related facilities (e.g. diagnostic laboratory, etc.), and has adequate space to conduct the monitoring visit.

10.2 Auditing and Inspecting

The principal investigator will permit study-related monitoring, audits, and inspections by the EC/IRB, the sponsor, government regulatory bodies, and Mayo Foundation compliance and quality assurance groups of all study related documents (e.g. source documents, regulatory documents, data collection instruments, study data etc.).  The principal investigator will ensure the capability for inspections of applicable study-related facilities (e.g. diagnostic laboratory, etc.).

Participation as an investigator in this study implies acceptance of potential inspection by government regulatory authorities and applicable institutional compliance and quality assurance offices.

11 Ethical Considerations

This study is to be conducted according to US and international standards of Good Clinical Practice (FDA Title 21 part 312 and International Conference on Harmonization guidelines), applicable government regulations and Institutional research policies and procedures.

This protocol and any amendments will be submitted to a properly constituted independent Ethics Committee (EC) or Institutional Review Board (IRB), in agreement with local legal prescriptions, for formal approval of the study conduct.  The decision of the EC/IRB concerning the conduct of the study will be made in writing to the investigator and a copy of this decision will be provided to the sponsor before commencement of this study.  The investigator will provide a list of EC/IRB members and their affiliate to the sponsor.

All subjects for this study will be provided a consent form describing this study and providing sufficient information for subjects to make an informed decision about their participation in this study.  See Attachment A for a copy of the Subject Informed Consent Form.  This consent form will be submitted with the protocol for review and approval by the EC/IRB for the study.  The formal consent of a subject, using the EC/IRB-approved consent form, must be obtained before that subject is submitted to any study procedure.  This consent form must be signed by the subject or legally acceptable surrogate, and the investigator-designated research professional obtaining the consent. 

12 Study Finances

12.1 Funding Source

This study is financed through a grant from Cephalon, Inc.
12.2 Conflict of Interest

Any investigator who has a conflict of interest with this study (patent ownership, royalties, or financial gain greater than the minimum allowable by their institution, etc.) will have the conflict reviewed by a properly constituted Conflict of Interest Committee with a Committee-sanctioned conflict management plan that has been reviewed and approved by the study sponsor prior to participation in this study.  All Mayo Foundation investigators will follow the institutional conflict of interest policy.

12.3 Subject Stipends or Payments

Subjects will be reimbursed $25 for each in-person evaluation (total $100) to defray costs related to travel, lodging, and meals necessary to participate in this trial.
13 Publication Plan

The investigators reserve the right to publish the results of this study regardless of the findings.
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15 Attachments

· The sample consent form is attached
· The Nuvigil (armodafinil) package insert is attached
· The Letter from FDA noting that this protocol is IND exempt
· Appendix 1 showing the substrates, inhibitors, and inducers of CYP2C19 and CYP3A4/5 is attached
· Appendix 2 shows the individual tests are part of the focused neuropsychological battery
Appendix 1

Pertinent Substrates, Inhibitors, and Inducers of Key Cytochrome P450 Enzymes Relevant to Armodafinil Therapy
CYP2C19

Substrates

Proton Pump Inhibitors:

lansoprazole

omeprazole*

pantoprazole*

rabeprazole
Anti-epileptics:

diazepam*

phenytoin

S-mephenytoin

phenobarbitone

amitriptyline

carisoprodol

citalopram*

chloramphenicol

clomipramine

cyclophosphamide

escitalopram*

hexobarbital

imipramine

indomethacin

R-mephobarbital

moclobemide*

nelfinavir

nilutamide

pentamidine*

primidone

progesterone

proguanil*

propranolol
sertraline*

teniposide

thalidomide*

R-warfarin (less active isomer)

* = CYP2C is the primary pathway

Inhibitors

PPIs:

lansoprazole

omeprazole

pantoprazole

rabeprazole

chloramphenicol

cimetidine
felbamate

fluoxetine
fluvoxamine

indomethacin

ketoconazole
armodafinil

modafinil

oxcarbazepine

probenicid

ticlopidine
topiramate

Inducers

carbamazepine

norethindrone

NOT pentobarbital

prednisone
rifampin

Armodafinil is a moderate inhibitor of CYP2C19, and therefore could increase the potency of CYP2C19 substrates shown by asterisk above, and could decrease the potency of the inducers. Drugs highlighted in yellow are used with some frequency in the DLB population.  

All concurrent drugs will be scrutinized, and more frequent telephone contacts will be made with patients/caregivers in those taking inducers and inhibitors to determine if armodafinil dose adjustments (such as adjustments upward or downward in 50 mg increments) may be necessary.

CYP3A4/5

Substrates

Macrolide antibiotics:

clarithromycin

erythromycin 
NOT azithromycin

telithromycin

Anti-arrhythmics:

quinidine

Benzodiazepines:

alprazolam

diazepam
midazolam

triazolam

Immune Modulators:

cyclosporine

tacrolimus (FK506)

HIV Antivirals:

indinavir

nelfinavir

ritonavir

saquinavir

Prokinetic:

cisapride

Antihistamines:

astemizole

chlorpheniramine

terfenadine
Calcium Channel Blockers:

amlodipine

diltiazem

felodipine

lercanidipine

nifedipine2

nisoldipine

nitrendipine

verapamil
HMG CoA Reductase Inhibitors:

atorvastatin

cerivastatin

lovastatin

NOT pravastatin

simvastatin
Steroid 6beta-OH:

estradiol

hydrocortisone

progesterone

testosterone

Miscellaneous:

alfentanyl

aprepitant

aripiprazole

buspirone
cafergot

caffeine_TMU

cilostazol

cocaine

codeine-Ndemethylation

dapsone

dexamethasone

dextromethorphan

docetaxel

domperidone

eplerenone

fentanyl

finasteride

gleevec

haloperidol

irinotecan

LAAM

lidocaine

methadone

nateglinide

ondansetron

pimozide

propranolol

quetiapine

quinine

risperidone
NOT rosuvastatin

salmeterol

sildenafil
sirolimus

tamoxifen

taxol

terfenadine

trazodone
vincristine

zaleplon
ziprasidone

zolpidem
Inhibitors

HIV Antivirals:

indinavir

nelfinavir

ritonavir

clarithromycin

itraconazole

ketoconazole
nefazodone

saquinavir

telithromycin

aprepitant

erythromycin
fluconazole

grapefruit juice
verapamil

diltiazem

cimetidine

amiodarone
NOT azithromycin

chloramphenicol

delaviridine

diethyldithiocarbamate

fluvoxamine

gestodene

imatinib

mibefradil

mifepristone

norfloxacin

norfluoxetine

star fruit

voriconazole

Inducers

HIV Antivirals:

efavirenz

nevirapine

barbiturates

carbamazepine

efavirenz

glucocorticoids

armodafinil

modafinil

nevirapine

oxcarbazepine

phenobarbital

phenytoin

pioglitazone

rifabutin

rifampin

St. John's wort
troglitazone

Armodafinil is a moderate inducer of CYP3A4/5, and therefore could decrease the potency of the CYP3A4/5 substrates, and increase the potency of the CYP3A4/5 inducers. Drugs highlighted in yellow are used with some frequency in the DLB population.  

All concurrent drugs will be scrutinized, and more frequent telephone contacts will be made with patients/caregivers in those taking inducers and inhibitors to determine if armodafinil dose adjustments (such as adjustments upward or downward in 50 mg increments) may be necessary.
Appendix 2

An Open Label, Single-Center Pilot Study of Armodafinil in Patients with Dementia with Lewy Bodies

Neuropsychological Battery

Digit Span

Digit Symbol

Trailmaking Test A and B

Controlled Oral Word Association Test

Rey Complex Figure – copy

Continuous Performance Test (child version)
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