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[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc518999846]List of abbreviations
	Abbreviation
	Meaning

	ACSA
	Amphetamine Cessation Symptom Assessment

	ADHD
	Attention deficit hyperactivity disorder

	AE
	Adverse event

	AESI
	Adverse event of special interest

	ALT
	Alanine transaminase

	AST
	Aspartate transaminase

	BED
	Binge eating disorder

	BES
	Binge eating scale

	BMI
	Body mass index

	bpm
	Beats per minute

	CANTAB
	Cambridge Neuropsychological Test Automated Battery

	CFR
	Code of Federal Regulations

	CGI-I
	Clinical Global Impressions – Global Improvement

	CGI-S
	Clinical Global Impressions – Severity of Illness

	CI
	Confidence interval

	CNS
	Central nervous system

	CSR
	Clinical study report

	C-SSRS
	Columbia-Suicide Severity Rating Scale

	DA
	Dopamine

	DSM-IV-TR
	Diagnostic and Statistical Manual of Mental Disorders Fourth Edition –Text Revision

	DSM-5
	Diagnostic and Statistical Manual of Mental Disorders Fifth Edition

	ECG
	Electrocardiogram

	EDE-Q
	Eating Disorder Examination-Questionnaire

	EQ-5D-5L
	EuroQol 5 dimension 5 level questionnaire

	ET
	Early termination

	EU
	European Union

	FAS
	Full analysis set

	HbA1c
	Haemoglobin A1c

	ICD
	International Classification of Diseases

	ICH
	International Conference on Harmonisation

	ISE
	Integrated Summary of Efficacy

	IWRS
	Interactive web-based response system

	LS
	Least squares

	MADRS
	Montgomery-Asberg Depression Rating Scale

	MedDRA
	Medical Dictionary for Regulatory Activities

	MMRM
	Mixed-effects model for repeated measures

	msec
	Millisecond

	NE
	Norepinephrine

	OROS MPH
	Osmotic controlled oral release delivery system methylphenidate

	PD
	Pharmacodynamics

	PK
	Pharmacokinetics

	PRUQ-BE
	Patient resource utilisation questionnaire for binge eating

	QTcB
	QT interval corrected according to Bazett’s formula

	QTcF
	QTc interval corrected according to Fridericia’s formula

	RBBB
	Right bundle branch block

	SAE
	Serious adverse event

	SAP
	Statistical analysis plan

	SCID-I
	Structured Clinical Interview for DSM Axis I disorders

	SD
	Standard deviation

	SDS
	Sheehan Disability Scale

	SE
	Standard error

	sec
	Second

	SEM
	Standard error of the mean

	SPD489
	Lisdexamfetamine 

	SVT
	Supraventricular tachycardia

	TC
	Total cholesterol

	TG
	Triglyceride

	UK
	United Kingdom

	URTI
	Upper respiratory tract infection

	US
	United States

	vs.
	Versus

	Y-BOCS
	Yale-Brown Obsessive Compulsive Scale

	Y-BOCS-BE
	Yale-Brown Obsessive Compulsive Scale Modified for Binge Eating


[bookmark: _Toc518999847][bookmark: _Toc351718900][bookmark: _Toc355338635]Introduction
This is a submission to extend the indication of Vyvanse (lisdexamfetamine dimesilate) capsules. There are also proposed changes to the Clinical Trials and Adverse Effects sections of the Product Information (PI).
[bookmark: _Toc476306722][bookmark: _Toc518999848]Drug class and therapeutic indication
Lisdexamfetamine (drug development name: SPD489) is a pharmacologically inactive prodrug of dexamfetamine, which is a central nervous system stimulant.
The approved product information states that: ‘After oral administration, lisdexamfetamine is rapidly absorbed from the gastrointestinal tract and hydrolysed primarily in whole blood to dexamfetamine, which is responsible for the drug’s activity. Amphetamines are non-catecholamine sympathomimetic amines with CNS stimulant activity. The mode of therapeutic action of amphetamine in attention deficit hyperactivity disorder (ADHD) is not fully established, however it is thought to be due to its ability to block the reuptake of noradrenaline and dopamine into the presynaptic neuron and increase the release of these monoamines into the extraneuronal space.’
Lisdexamfetamine (Vyvanse) is currently indicated for the treatment of attention deficit hyperactivity disorder (ADHD). The approved indication is:
Vyvanse is indicated for the treatment of Attention Deficit Hyperactivity Disorder (ADHD). Treatment should be commenced by a specialist.
A diagnosis of Attention Deficit Hyperactivity Disorder (ADHD) implies the presence of hyperactive-impulsive or inattentive symptoms that caused impairment and were present before 12 years of age.
Need for comprehensive treatment programme: Vyvanse is indicated as an integral part of a total treatment program for ADHD that may include other measures (psychological, educational and social) for patients with this syndrome. Stimulants are not intended for use in the patient who exhibits symptoms secondary to environmental factors and/or other primary psychiatric disorders, including psychosis. Appropriate educational placement is essential and psychosocial intervention is often helpful. When remedial measures alone are insufficient, the decision to prescribe stimulant medication will depend upon the physician’s assessment of the chronicity and severity of the patient’s symptoms.
Long term use: The physician who elects to use Vyvanse for extended periods should periodically re-evaluate the long-term usefulness of the drug for the individual patient.
The submission proposes a new indication to treat binge eating disorder (BED). The proposed indication is:
Vyvanse is indicated for the treatment of BED in adults.
[bookmark: _Toc476306723][bookmark: _Toc518999849]Dosage forms and strengths
Vyvanse is presented in capsules containing 30 mg, 50 mg, and 70 mg of lisdexamfetamine dimesilate.
The capsule strengths are different colours: 30 mg capsule has a white opaque body and pink opaque cap, printed ‘S489’ and ‘30 mg’ in black ink; the 50 mg capsule has a white opaque body and blue opaque cap, printed ‘S489’ and ‘50 mg’ in black ink; and the 70 mg capsule has a blue opaque body and pink opaque cap, printed ‘S489’ and ‘70 mg’ in black ink.
No new dosages forms or strengths are proposed.
[bookmark: _Toc476306724][bookmark: _Toc518999850]Dosage and administration
For treatment of ADHD the approved dosage is as follows:
In patients who are either starting treatment for the first time or switching from another medication, 30 mg once daily in the morning is the recommended starting dose. If the decision is made to increase the dose beyond 30 mg/day, daily dosage may be adjusted in increments of 20 mg in intervals no more frequently than weekly. The maximum recommended dose is 70 mg/day; doses greater than 70 mg/day of Vyvanse have not been studied. Vyvanse has not been studied in children under 6 years of age. The effectiveness of Vyvanse has not been studied in adults over 55 years of age. Due to reduced clearance in patients with severe renal insufficiency (GFR 15 to < 30 mL/min/1.73 m2) the maximum dose should not exceed 50 mg/day. Further dosage reduction should be considered in patients undergoing dialysis.
The proposed dosage of BED is as follows:
The recommended starting titration dose is 30 mg/day to be adjusted in increments of 20 mg at approximately weekly intervals to achieve the recommended target dose of 50 or 70 mg/day. Dose titration should be guided by clinical outcome to an optimal dose, with a maximum dose of 70 mg/day.
[bookmark: _Toc476306725][bookmark: _Toc518999851]Proposed changes to the product documentation
There are a number of proposed changes to the production documentation. These include:
Additional data in the Clinical Trial section on adolescents aged 13 to 17 years with ADHD.
Changes in the Clinical Trial section on children and adolescents aged from 6 to 17 years with ADHD.
New clinical data on BED.
The new indication in BED.
An additional precaution on the lack of data in children under 18 years of age with BED.
Changes to the Adverse Effects section that states subjects met the DSM-IV criteria for ADHD. There are also additional data in this section relating to weight change.
Changes to the Adverse Effects section to include data on subjects with BED.
Change to the data in the Post-Marketing Experience section.
New dosage recommendations for BED.
[bookmark: _Toc518999852]Clinical rationale
[bookmark: _Toc476306727][bookmark: _Toc518999853]Information on the condition being treated
Binge eating disorder (BED) is defined according to DSM-5 as recurring episodes of eating significantly more food in a short period of time (for example 2 hours) than most people would eat under similar circumstances, with episodes marked by feelings of lack of control. The disorder is associated with marked distress and occurs on average at least once a week over three months. The condition also tends to have a long term remitting and relapsing course. Unlike those with bulimia nervosa or anorexia nervosa, people with BED will not regularly try to make up for the eating with compensatory behaviours such as vomiting or excessive exercise. This results in people with BED often being overweight or obese.
BED was approved for inclusion in the DMS-5 as its own category of eating disorder, while in DMS-IV it was not a recognised disorder (though it was described in the appendix) and was diagnosable using the category of ‘Eating disorder not otherwise specified’.
There are notable differences between BED and the common problem of overeating. BED is much less common, more severe and is associated with psychological problems. The long term effects of BED relate to the comorbidities of excess weight (for example, hypertension, coronary artery disease, diabetes, arthritis and obstructive sleep apnoea) as well as psychiatric comorbidities such as depression, anxiety and substance abuse.
[bookmark: _Toc476306728][bookmark: _Toc518999854]Current treatment options
The current treatment goals are multifaceted and aimed at reducing the following: binge eating episodes; excessive weight if overweight; excessive concerns with body image; and psychiatric comorbidity. The standard first line therapy is psychotherapy (such as cognitive behaviour therapy) and a meta-analysis of 6 randomised trials reported a large positive effect of this therapy (Vocks et al., (2010)). Other therapy options are self-help treatment and behavioural weight loss treatment and these are often combined with psychotherapy.
Pharmacotherapy is generally recommended only as second line therapy as it is regarded as less effective than psychotherapy. There is, however, a lack of head to head comparisons of pharmacotherapy and psychotherapy and there may be a place for pharmacotherapy in patients who decline, or do not have access to, psychotherapy.
Medications which have been assessed in the treatment of BED include selective serotonin reuptake inhibitors (SSRIs) (for example citalopram, fluoxetine, sertraline, fluvoxamine), antiepileptics (for example toprimate, zonisamide) and medications used for ADHD (for example atomoxetine and the proposed lisdexamfetamine).
In Australia, there are currently no products approved for the treatment of BED. Lisdexamfetamine was approved by the FDA in 2015 for treatment of moderate to severe BED and is the only medication approved for treatment of the condition.
[bookmark: _Toc476306729][bookmark: _Toc518999855]Clinical rationale
The sponsor states in the Clinical Overview that:
'SPD489 is thought to treat the symptoms of ADHD through a mechanism of action that is presumed to be related to the blockade of DA and NE reuptake, which has the effect of increasing the availability of both of these neurotransmitters. Amelioration of dopaminergic and noradrenergic hypofunction may play a similar therapeutic role in BED. Data suggests that agents that facilitate DA and/or NE neurotransmission may reduce pathological overeating (for example binge eating) in both animals and humans.’
It then goes on to state that:
‘Stimulants such as SPD489 might relieve binge eating in BED by stabilizing a deficient DA reward system via blockade of DA reuptake. Norepinephrine blockade also appears to be a potentially effective therapy for eating disorders. The selective NE reuptake inhibitor atomoxetine has been shown to reduce binge eating and body weight in 1 placebo controlled study of BED in adults (McElroy et al., (2008)).’
[bookmark: _Toc518999856]Contents of the clinical dossier
[bookmark: _Toc518999857]Scope of the clinical dossier
The dossier contained five clinical studies relating to the clinical development of lisdexamfetamine (SPD489) in BED, as well as four clinical studies in ADHD. No new pharmacology data were submitted.
The five studies for the BED indication were:
Study SPD489-208; a Phase II, dose finding study.
Studies SPD489-343 and SPD489-344; Phase III, efficacy and safety studies with the same design.
Study SPD489-345; an open label, 52 week extension study.
Study SPD489-346; a randomised, controlled withdrawal study.
There were four clinical studies in ADHD:
Study SPD489-325; evaluation of a morning dose of SPD489.
Study SPD489-404; an open label, 2 year safety study of SPD489 in children and adolescents 6 to 17 years.
Study SPD489-405; a comparison with osmotic controlled release oral delivery system methylphenidate (OROS-MPH) in adolescents (dose optimised).
SPD489-406; a comparison with OROS-MPH in adolescents (forced titration).
A Clinical Overview for BED; a Clinical Overview for the ADHD additional data; a Summary of Clinical Efficacy in BED; a Summary of Clinical Safety in BED; a list of literature references; and study synopses were also included.
[bookmark: _Toc518999858]Paediatric data
All studies in BED were conducted in adults 18 to 55 years of age.
The included studies in ADHD were conducted in children aged 6 to 17 years.
[bookmark: _Toc518999859]Good clinical practice
[bookmark: _Toc355338639]The sponsor stated in the clinical overviews that all studies were conducted in accordance with ICH GCP guidelines as well as local regulatory and ethical requirements.
[bookmark: _Toc476306747][bookmark: _Toc518999860]Evaluator’s commentary on the clinical dossier
The dossier contains two Clinical Overviews, one relating to the new indication of BED and one relating to changes to the product document due to the completion of three clinical studies in ADHD (Studies SPD489-404, SPD489-405 and SPD489-406).
The ADHD studies were submitted to support proposed changes to the PI. Study SPD489-325 was included due to a minor PI change relating to its data and it is assumed this study has previously been evaluated. Studies SPD489-405 and 406 were Phase IV studies in adolescents and data have been included in the PI regarding the effect versus the active comparator (OROS MPH). Study SPD489-404 was a long term study and the PI has included adverse effects data from this study relating to growth suppression in the paediatric ADHD population.
The scope of the clinical studies in BED was sufficient to undertake an evaluation in this new indication. The dossier was well presented.
[bookmark: _Toc518999861]Pharmacokinetics
[bookmark: _Toc476306749][bookmark: _Toc518999862]Studies providing pharmacokinetic information
There were no PK studies submitted in the dossier.
[bookmark: _Toc476306750][bookmark: _Toc518999863]Summary of pharmacokinetics
The information included has been taken from the approved PI.
Pharmacokinetic studies of dexamfetamine after oral administration of lisdexamfetamine dimesilate have been conducted in healthy adult subjects and paediatric (6 to 12 years) patients with ADHD.
[bookmark: _Toc272414617][bookmark: _Toc290888466][bookmark: _Toc416353662][bookmark: _Toc421005243][bookmark: _Toc432079125][bookmark: _Toc432080698][bookmark: _Toc476306751]Physicochemical characteristics of the active substance
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290888467][bookmark: _Toc416353663][bookmark: _Toc421005244][bookmark: _Toc432079126][bookmark: _Toc432080699]Vyvanse (lisdexamfetamine dimesilate) was developed as a capsule for once a day oral administration. The chemical designation for lisdexamfetamine dimesilate is (2S)-2,6-diamino-N-[(1S)-1-methyl-2-phenylethyl] hexanamide dimethanesulfonate. Lisdexamfetamine dimesilate is a white to off-white powder that is highly soluble in water. Lisdexamfetamine dimesilate has a 2-octanol/water partition coefficient (logP) of -1.76; pKa1 of 10.5 / pKa2 of 7.7; and pH of 4.1 when dissolved in water.
[bookmark: _Toc476306752]Pharmacokinetics
In 18 paediatric patients (6 to 12 years) with ADHD, the Tmax of dexamfetamine was approximately 3.5 hours following single-dose oral administration of lisdexamfetamine dimesilate; either 30 mg, 50 mg, or 70 mg after an 8 hour overnight fast. The Tmax of lisdexamfetamine dimesilate was approximately 1 hour. Linear pharmacokinetics of dexamfetamine after single dose oral administration of lisdexamfetamine dimesilate was established over the dose range of 30 mg to 70 mg in children aged 6 to 12 years and over the dose range of 50 mg to 250 mg in adults. Dextroamphetamine pharmacokinetic parameters following administration of lisdexamfetamine in adults exhibited low inter-subject (< 25%) and intra-subject (< 8%) variability. Safety and efficacy have not been studied above the maximum recommended dose of 70 mg.
[bookmark: _Toc272414619][bookmark: _Toc290888468][bookmark: _Toc416353664]Absorption
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290888469][bookmark: _Toc416353665]After oral administration, lisdexamfetamine is rapidly absorbed from the gastrointestinal tract, thought to be mediated by the high capacity PEPT1 transporter.
Bioavailability
Food (a high fat meal or soft food such as yogurt) or orange juice, do not affect the observed AUC and Cmax of dexamfetamine in healthy adults after single-dose oral administration of 70 mg of Vyvanse capsules. Food prolongs Tmax by approximately 1 hour (from 3.8 hours at fasted state to 4.7 hours after a high fat meal or to 4.2 hrs after soft food such as yogurt).
After an 8 hour fast, the AUC for dexamfetamine following oral administration of lisdexamfetamine dimesilate in solution and as intact capsules were equivalent.
Weight/Dose normalised AUC and Cmax for dexamfetamine were 22% and 12% lower, respectively, in adult females than in males on Day 7 following a 70 mg/day dose of lisdexamfetamine for 7 days. Weight/Dose normalised AUC and Cmax values were the same in girls and boys following single doses of 30 to 70 mg.
Distribution
[bookmark: _Toc272414622][bookmark: _Toc290888471][bookmark: _Toc416353667]There is no accumulation of dexamfetamine AUC at steady state in healthy adults and no accumulation of lisdexamfetamine dimesilate after once daily dosing for 7 consecutive days.
Metabolism
Lisdexamfetamine is converted to dexamfetamine and L-lysine, not by cytochrome P450 enzymes metabolism, but by metabolism in blood primarily due to the hydrolytic activity of red blood cells. Red blood cells have a high capacity for metabolism of lisdexamfetamine as in vitro data demonstrated substantial hydrolysis occurs even at low hematocrit levels.
Amphetamine is reported to be oxidised at the 4 position of the benzene ring to form 4‑hydroxyamphetamine, or on the side chain α or β carbons to form alpha‑hydroxyamphetamine or norephedrine, respectively. Norephedrine and 4-hydroxy-amphetamine are both active and each is subsequently oxidised to form 4-hydroxy-norephedrine. Alpha-hydroxy-amphetamine undergoes deamination to form phenylacetone, which ultimately forms benzoic acid and its glucuronide and the glycine conjugate hippuric acid. Although the enzymes involved in amphetamine metabolism have not been clearly defined, CYP2D6 is known to be involved with formation of 4-hydroxy-amphetamine.
[bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290888472][bookmark: _Toc416353668]Excretion
[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290888473][bookmark: _Toc416353669]Following the oral administration of a 70 mg dose of radiolabelled lisdexamfetamine dimesilate to 6 healthy subjects, approximately 96% of the oral dose radioactivity was recovered in the urine and only 0.3% recovered in the faeces over a period of 120 hours. Of the radioactivity recovered in the urine 42% of the dose was related to amphetamine, 25% to hippuric acid, and 2% to intact lisdexamfetamine. Plasma concentrations of unconverted lisdexamfetamine are low and transient, generally becoming non-quantifiable by 8 hours after administration. The plasma elimination half-life of lisdexamfetamine typically averaged less than one hour in studies of lisdexamfetamine dimesilate in volunteers.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290888475][bookmark: _Toc416353671][bookmark: _Toc421005246][bookmark: _Toc432079128][bookmark: _Toc432080701][bookmark: _Toc476306753][bookmark: _Toc518999864]Pharmacokinetics in special populations
[bookmark: _Toc272414628][bookmark: _Toc290888477][bookmark: _Toc416353673]Pharmacokinetics in subjects with impaired renal function
[bookmark: _Toc272414629][bookmark: _Toc290888478][bookmark: _Toc416353674]In a pharmacokinetic study of lisdexamfetamine in subjects with normal and impaired renal function d-amphetamine clearance was reduced from 0.7 L/hr/kg in normal subjects to 0.4L/hr/kg in subjects with severe renal impairment (GFR 15 to < 30 mL/min/1.73 m2). See PRECAUTIONS. In subjects with ESRD requiring dialysis mean d-amphetamine clearance was reduced to 0.3 L/hr/kg both pre- and post-dialysis. Dialysis did not significantly affect the clearance of d-amphetamine.
Pharmacokinetics according to age
[bookmark: _Toc272414630][bookmark: _Toc290888479][bookmark: _Toc416353675]The pharmacokinetics of dexamfetamine is similar in paediatric (aged 6 to 12) and adolescent (aged 13 to 17) ADHD patients, and healthy adult volunteers. Any differences in kinetics seen after oral administration are a result of differences in mg/kg dosing. Following administration of lisdexamfetamine dimesilate in a study of 47 subjects aged 55 years of age or older, amphetamine clearance was approximately 0.7 L/h/kg for subjects 55 to 74 years of age and 0.55 L/h/kg for subjects ≥ 75 years of age. This is slightly reduced compared to younger adults (approximately 1 L/h/kg for subjects 18 to 45 years of age).
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290888481][bookmark: _Toc416353678][bookmark: _Toc421005249][bookmark: _Toc432079130][bookmark: _Toc432080703][bookmark: _Toc476306754][bookmark: _Toc518999865]Pharmacokinetic interactions
Lisdexamfetamine dimesilate was not an in vitro inhibitor of the major human CYP450 isoforms (CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4) in human hepatic microsomal suspensions, nor was it an in vitro inducer of CYP1A2, CYP2B6 or CYP3A4/5 in cultured fresh human hepatocytes. Lisdexamfetamine dimesilate was not an in vitro substrate for P-gp in MDCKII cells nor an in vitro inhibitor of P-gp in Caco-2 cells and is therefore unlikely to be involved in clinical interactions with drugs transported by the P-gp pump.
In an in vivo human study, the co-administration of a single dose of lisdexamfetamine dimesilate did not result in any clinically meaningful effect on the pharmacokinetics of single doses of drugs metabolized by CYP1A2, CYP2D6, CYP2C19, or CYP3A.
Ascorbic acid and other agents or conditions that acidify urine increase urinary excretion and decrease half-life of amphetamine. Sodium bicarbonate and other agents or conditions that alkalinise urine decrease urinary excretion and extend the half-life of amphetamine.
Concomitant use of MAOIs and CNS stimulants can cause hypertensive crisis. Severe outcomes including death may occur.
Serotonin syndrome can occur in association with the use of amphetamines such as Vyvanse, when given in conjunction with serotonergic drugs, including selective serotonin reuptake inhibitors (SSRIs) and serotonin and noradrenaline reuptake inhibitors (SNRIs). It has also been reported in association with overdose of amphetamines, including Vyvanse.
Amphetamines may decrease the effectiveness of antihypertensive medications.
Chlorpromazine, haloperidol and lithium carbonate may all reduce the effectiveness of amphetamines.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290888484][bookmark: _Toc416353681][bookmark: _Toc421005250][bookmark: _Toc432079132][bookmark: _Toc432080705][bookmark: _Toc476306755][bookmark: _Toc518999866]Evaluator’s overall conclusions on pharmacokinetics
No new PK data were submitted.
There is reduced amphetamine clearance in patients with severe renal impairment.
Drug interactions due to effects on hepatic enzymes are not anticipated.
The PK in adults has been established and the data are sufficient for application to the BED population.
[bookmark: _Toc518999867]Pharmacodynamics
[bookmark: _Toc476306757][bookmark: _Toc518999868]Studies providing pharmacodynamic information
There were no PD studies submitted in the dossier.
[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290888487][bookmark: _Toc416353684][bookmark: _Toc421005253][bookmark: _Toc432079135][bookmark: _Toc432080708][bookmark: _Toc476306758][bookmark: _Toc518999869]Summary of pharmacodynamics
[bookmark: _Toc518999870]The following has been extracted from the approved PI:
‘After oral administration, lisdexamfetamine is rapidly absorbed from the gastrointestinal tract and hydrolysed primarily in whole blood to dexamfetamine, which is responsible for the drug’s activity. Amphetamines are non-catecholamine sympathomimetic amines with CNS stimulant activity. The mode of therapeutic action of amphetamine in Attention Deficit Hyperactivity Disorder (ADHD) is not fully established, however it is thought to be due to its ability to block the reuptake of noradrenaline and dopamine into the presynaptic neuron and increase the release of these monoamines into the extraneuronal space. The parent drug, lisdexamfetamine, does not bind to the sites responsible for the reuptake of noradrenaline and dopamine in vitro.’
The sponsor states in the Clinical Overview that:
‘Amelioration of dopaminergic and noradrenergic hypofunction may play a similar therapeutic role in BED. Data suggests that agents that facilitate DA and/or NE neurotransmission may reduce pathological overeating (for example, binge eating) in both animals and humans.’
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290888496][bookmark: _Toc416353693][bookmark: _Toc421005260][bookmark: _Toc432079142][bookmark: _Toc432080715][bookmark: _Toc476306759][bookmark: _Toc518999871]Evaluator’s overall conclusions on pharmacodynamics
There are no new PD data.
The pharmacodynamic mechanism leading to the effect of SPD489 on BED is uncertain.
[bookmark: _Toc518999872]Dosage selection for the pivotal studies
[bookmark: _Toc416353695][bookmark: _Toc421005262][bookmark: _Toc432079144][bookmark: _Toc432080717][bookmark: _Toc476306761][bookmark: _Toc518999873]Pharmacokinetics and pharmacodynamics: dose finding studies
No data submitted.
[bookmark: _Toc416353696][bookmark: _Toc421005263][bookmark: _Toc432079145][bookmark: _Toc432080718][bookmark: _Toc476306762][bookmark: _Toc518999874]Phase II dose finding studies
Study SPD489-208 was a Phase II, multicentre, randomised, double blind, placebo controlled forced dose titration study in 260 adults with moderate to severe BED. The study is discussed in Section 7. Subjects were randomised to placebo, 30 mg, 50 mg or 70 mg of SPD489 once daily in a 1:1:1:1 ratio. The primary efficacy endpoint was the log transformed number of binge days per week after 11 weeks of treatment. The LS mean change from Baseline to Week 11 in the log transformed number of binge days per week was -1.23, -1.24, -1.49, and -1.57 in the placebo, 30 mg, 50 mg and 70 mg SPD489 groups, respectively. The comparison of active to placebo was statistically significant for the 50 mg and 70 mg groups (p < 0.008) but not for the 30 mg dose (p = 0.88). These data were supported by sensitivity analyses and secondary endpoints.
Comment: It was not clear why log transformed data were used for analysis of the number of binge days per week in this study, particularly as in the Phase III studies this was not done. A question has been raised on this.
The above data excluded 11 subjects from Site 015. These were removed after the CSR was completed due to ‘reasons unrelated to the study’. A query has been raised regarding this.
[bookmark: _Toc416353712][bookmark: _Toc421005265][bookmark: _Toc432079147][bookmark: _Toc432080720][bookmark: _Toc476306763][bookmark: _Toc518999875]Phase III pivotal studies investigating more than one dose regimen
Not applicable.
[bookmark: _Toc416353713][bookmark: _Toc421005266][bookmark: _Toc432079148][bookmark: _Toc432080721][bookmark: _Toc476306764][bookmark: _Toc518999876]Evaluator’s conclusions on dose finding for the pivotal studies
The dossier included one dose finding study which assessed doses of 30 mg, 50 mg and 70 mg once daily. The higher doses of 50 mg and 70 mg demonstrated a significant difference to placebo on the chosen endpoint of log transformed number of binge days per week. There was no significant improvement over placebo for 30 mg dose. There was a suggestion of a dose response however no interdose comparisons were undertaken. The sponsor chose 30 mg as a titration dose for the Phase III studies with 50 mg and 70 mg as the target doses. This is acceptable and is the same as the approved dosage range for ADHD.
[bookmark: _Toc518999877]Clinical efficacy
[bookmark: _Toc476306766][bookmark: _Toc518999878][bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290888500][bookmark: _Toc416353716][bookmark: _Toc421005269][bookmark: _Toc432079151][bookmark: _Toc432080724]Studies providing evaluable efficacy data
There were 5 clinical studies in the dossier relating to the BED indication. Studies SPD489-343 and SPD489-344 were pivotal, Phase III, efficacy and safety studies and had identical design. Study SPD489-208 was a Phase II dose finding study. These three studies had treatment durations of 11 to 12 weeks. Study SPD489-345 was a one year safety and tolerability extension study for subjects who had completed Studies 343, 344 or 208. There were minimal efficacy data in this study. Study SPD489-346 was a randomised, controlled withdrawal study and provided data on efficacy maintenance and relapse risk.
[bookmark: _Toc476306767][bookmark: _Toc518999879]Pivotal or main efficacy studies
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290888501][bookmark: _Toc416353717][bookmark: _Toc476306768]Studies SPD489-343 and SPD489-344
As Studies SPD489-343 and SPD489-344 were identical in design, objectives and methodology, they have been discussed together in this section.
[bookmark: _Toc476306769]Study design, objectives, locations and dates
The studies were Phase III, randomised, placebo controlled, double blind, parallel group, dose optimisation studies which evaluated the efficacy and safety of SPD489 in adults (18 to 55 years) with moderate to severe BED.
Study SPD489-343 was conducted between November 2012 and September 2013 at 50 sites in the US, Sweden, Spain and Germany and Study SPD489-344 was conducted at the same time at 41 sites in the US and 2 in Germany.
Comment: The sponsor has been asked to discuss how independence of the two studies was achieved and maintained.
The primary objective was to demonstrate efficacy compared to placebo at Visit 8 (11 to 12 weeks treatment) as measured by the number of binge eating days per week. The key secondary objectives included the effect on Clinical Global Impression of Improvement (CGI-I) scale, cessation binge eating over 28 days prior to Visit 8, body weight, Yale-Brown Obsessive Compulsive Scale Modified for Binge Eating (Y-BOCS-BE) total score and fasting triglyceride (TG) levels. Some further secondary endpoints included effect on total cholesterol (TC), HbA1c levels and the number of binge episodes per week.
After a 2 to 4 week screening period, eligible subjects were randomised. There was a 4 week dose optimisation period, an 8 week dose maintenance period, and a one week follow up after study drug cessation (Figure 1).
Figure 1: Study SPD489-343. Study design schematic
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[bookmark: _Toc476306770]Inclusion and exclusion criteria
The study included adults 18 to 55 years meeting the DSM-IV-TR criteria for BED[footnoteRef:1]. Other inclusion criteria were: BED diagnosis confirmed on eating disorder module of the Structured Clinical Interview (SCID-I) for DSM-IV-TR and the Eating Disorder Examination Questionnaire (EDE-Q); at least 3 binge eating days per week for 14 days prior to Baseline visit; Clinical Global Impressions Severity (CGI-S) score ≥ 4; BMI ≥ 18 and ≤ 45 kg/m2; and negative pregnancy test for women. Appropriate contraception was required during the study and for 30 days after the last dose of study treatment. [1:  DSM-IV-TR criteria for diagnosis of BED:
Recurrent episodes of binge eating. An episode of binge eating was characterized by both of the following: eating, in a discrete period of time (e.g., within a 2-hour period) an amount of food that is definitely larger than most people would eat in a similar period of time under similar conditions, and a sense of lack of control over the eating (e.g., a feeling that one cannot stop eating or control what or how much one is eating).
The binge eating episodes were associated with at least 3 of the following: eating much more rapidly than normal; eating until uncomfortably full; eating large amounts of food when not feeling physically hungry; eating alone because of being embarrassed by how much one is eating; feeling disgusted with oneself, depressed, or feeling very guilty after overeating.
Marked distress regarding binge eating.
The binge eating occurred, on average, at least 2 days a week for 6 months
The episodes of binge eating did not occur exclusively during the course of bulimia nervosa or anorexia nervosa.
Recurrent episodes of binge eating. An episode of binge eating was characterized by both of the following: eating, in a discrete period of time (for example, within a 2-hour period) an amount of food that is definitely larger than most people would eat in a similar period of time under similar conditions, and a sense of lack of control over the eating (for example, a feeling that one cannot stop eating or control what or how much one is eating).
The binge eating episodes were associated with at least 3 of the following: eating much more rapidly than normal; eating until uncomfortably full; eating large amounts of food when not feeling physically hungry; eating alone because of being embarrassed by how much one is eating; feeling disgusted with oneself, depressed, or feeling very guilty after overeating.
Marked distress regarding binge eating.
The binge eating occurred, on average, at least 2 days a week for 6 months
The episodes of binge eating did not occur exclusively during the course of bulimia nervosa or anorexia nervosa.] 

Exclusion criteria were: diagnosis of bulimia nervosa or anorexia nervosa (as defined by the SCID-I eating disorders module); receiving psychotherapy or weight loss support which began within 3 months of screening (therapy started ≥ 3 months prior to screening could continue if no changes to frequency or nature occurred during the study); use of psychostimulants within 6 months; comorbid Axis I or II psychiatric disorder on prohibited medication or uncontrolled; history of psychosis, mania, hypomania, dementia or ADHD; symptomatic manifestations that contraindicated SPD489 treatment or interfered with assessments; Montgomery-Asberg Depression Rating Scale (MADRS) total score ≥ 18; suicide risk or previous suicide attempt; acute or chronic illness or disability which could interfere with the study assessments; history of seizures, tic disorder, serious neurological disease, head trauma, dementia, cerebrovascular disease, Parkinson’s or intracranial lesion; symptomatic or significant cardiovascular disease; family history of sudden cardiac death or ventricular arrhythmia; clinically significant ECG or laboratory test; abnormal thyroid function; initiation of lipid-lowering medication within 3 months; moderate to severe hypertension; SBP > 139 mmHg or DBP > 89 mmHg; substance abuse within 6 months or at any time for amphetamine, cocaine or other stimulants; positive drug screen; glaucoma; use of medication with CNS effect within 7 days; prior surgery for weight loss; and pregnant or breast feeding women.
[bookmark: _Toc476306771]Study treatments
SPD489 was supplied in capsules of 30 mg, 50 mg and 70 mg. Matching placebo capsules were used. One capsule was taken orally, once daily in the morning.
During the 4 week dose optimisation period, subjects commenced on SPD489 30 mg per day and after one week were titrated to 50 mg per day. A further increase to 70 mg per day was allowed at the end of Week 2 or 3 if indicated and treatment tolerated. One down titration to 50 mg was allowed during the optimisation period. The optimised dose was fixed during the 8 week dose maintenance period.
Prohibited treatments included psychoactive medications and over-the-counter weight loss therapies.
[bookmark: _Toc476306772]Efficacy variables and outcomes
Subjects reported binge eating in a daily paper diary and this was reviewed with the investigator at each visit. The primary efficacy endpoint was the change from Baseline to Visit 8 in the number of binge eating days per week (Week 11 to 12). Baseline was the weekly average of the number of binge days per week for the 14 days prior to the baseline visit (Visit 0).
Comment: It is not clear if the number of binge eating days per week were collected over one week or averaged over 2 weeks at the end of the study. This has been questioned.
Key secondary variables and endpoints included:
Clinical Global Impressions (CGI) rating scales which assessed the severity (CGI-S) and improvement (CGI-I) of a subject’s condition on a 7 point scale.
Four week cessation of binge eating which was defined as no binge episodes for the 28 days prior to last study visit.
Body weight (change from Baseline).
Yale-Brown Obsessive Compulsive Scale Binge Eating (Y-BOCS-BE) modified version[footnoteRef:2] which measures obsessiveness and compulsiveness of binge eating. [2:  Yale-Brown Obsessive Compulsive Scale Binge Eating (Y-BOCS-BE) modified version is a clinician-rated scale with 10 items rated from 0 to 4 (extreme). A total score of 0-7 is sub-clinical; 8-15 is mild; 16-23 is moderate; 24-31 is severe; and 32-40 is extreme.] 

Triglyceride (TG) levels (change from Baseline).
Other assessments included: total cholesterol; HbA1c; Eating Inventory which is a self-reported 51 item questionnaire which covers cognitive restraint, disinhibition and hunger; the Binge Eating Scale (BES) which is a 16 item self-reported questionnaire assessing control over eating behaviour; Frontal Systems Behaviour Scale (self-rated scale); quality of life (EQ-5D-5L); functional impairment using the Sheehan Disability Scale (SDS); and health outcomes (PRUQ-BED).
[bookmark: _Toc476306773]Randomisation and blinding methods
Subjects were randomised in a 1:1 ratio to SPD489 or placebo via an IWRS. Placebo capsules were identical to active treatment.
[bookmark: _Toc476306774]Analysis populations
The Full Analysis Set (FAS) was defined as all subjects who took at least one dose of study medication and who had one post-baseline primary efficacy assessment (that is number of binge days per week calculated for at least 1 week).
The Completer Set was defined as all subjects in FAS who completed the double blind treatment phase and Week 12 assessments.
[bookmark: _Toc476306775]Sample size
Using data from Study SPD489-208, an effect size of 0.4 was assumed for the difference between SPD489 and placebo in the change from Baseline in number of binge days per week. With 133 competed subjects per group, and a 2-sided significance level of 5%, the study had a power of 90% to detect this difference. Allowing for 25% dropout rate, 178 subjects per group were required.
[bookmark: _Toc476306776]Statistical methods
The FAS was used for the primary efficacy endpoint analysis. Least squares (LS) means were calculated on the number of binge days per week and a mixed model for repeated measures (MMRM) was used for the analysis of the difference in the change from Baseline in the 2 treatment groups.
For secondary endpoints, the CGI-I was dichotomised to; ‘improved’ (‘very much’ or ‘much’) or ‘not improved’ (all other categories) and analysed using a Chi-square test. The 4 week cessation of binge eating was also analysed using a Chi-square test. Change in body weight and the Y‑BOCS-BE total score were analysed using the MMRM.
Hierarchical testing was used to control for multiplicity. The order was: change from Baseline in the number of binge eating days per week; CGI-I score dichotomised; proportion of subjects with 4 week binge eating cessation; percent change from Baseline in body weight; change from Baseline in Y-BOCS-BE total score; change from Baseline in TG; change from Baseline in total cholesterol (TC); then change from Baseline in HbA1c.
Both studies had the same single protocol amendment which was implemented prior to subject enrolment and would not have impacted on result validity.
[bookmark: _Toc476306777]Participant flow
In Study SPD489-343, there were 642 subjects screened with 383 randomised of whom 89% were enrolled at US sites. The FAS included 184 (96.3%) and 190 (99.0%) subjects in the placebo and SPD489 groups, respectively. There were 9 subjects not included in the FAS due to not being dosed (n = 4) or not having post-baseline diary data (n = 5). The Completer set included 157 (82.2%) and 158 (82.3%) in the placebo and SPD489 groups, respectively (see Figure 2, below). The main reasons for premature discontinuation was subject withdrawal (7.3% versus 6.3%) and adverse event (2.6% versus 6.3%) (placebo versus SPD489) (see Table 1, below).
Comment: It is noted in the FDA review, but not in the clinical study report, that there were concerns at Site 066 of this study where 21 subjects were enrolled (‘signs of investigational drug tampering during the conduct of another trial’). The sponsor has been asked to comment on this and whether it had any impact on the final results.
Figure 2: Study SPD489-343. Subject disposition diagram
[image: ]
Table 1: Study SPD489-343. Subject disposition (Screened Set)
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In SPD489-344, there were 700 subjects screened and 390 randomised (195 per group). The majority of subjects were in the US (n = 370) with only 20 (5%) in Germany. The FAS included 350 subjects (89.7%) with 176 and 174 in the placebo and SPD489 groups, respectively. The Completer set included 142 (72.8%) and 145 (74.4%) in the respective groups (Figure 3). The main reasons, in the placebo and SPD489 groups, for premature discontinuation were lost to follow up (9.2% versus 7.7%), subject withdrawal (3.6% versus 6.7%) and adverse event (2.6% versus 3.6%) (Table 2).
Figure 3: SPD489-344. Subject disposition diagram
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Table 2: SPD489-344. Subject disposition (screened set)
[image: ]
In Study SPD489-344, 23 subjects at 2 sites were removed from analyses. There were 11 subjects at Site 015 who were excluded due to ‘reasons unrelated to the study’ and 12 subjects from Site 079 who were excluded due to ‘findings that were considered by [the sponsor] to be significant’. The findings at Site 079 related to non-adherence to GCP requirements. Data from this site were included in the safety analysis.
Comment: The sponsor has been asked to clarify these issues further and comment on any differences in the primary endpoint results when the data from these sites were analysed.
Subject loss in Study 344 was relatively high, although the study power would be maintained as the numbers completing (142 and 145 in the respective groups) was just above the sample size requirement of 133 per group.
[bookmark: _Toc476306778]Major protocol violations/deviations
SPD489-343
Treatment compliance of 80 to 120% was reported in all the placebo subjects and 97.9% of the SPD489 subjects. The rate of at least one protocol violation was 11.2% and 10.4% of the placebo and SPD489 groups, respectively. Most related to the inclusion (5.0%) or exclusion criteria (3.7%). There were 9 subjects in each group who did not have at least 3 binge eating days per week.
SPD489-344
Treatment compliance was high (> 98%). The protocol violation rate was slightly higher than Study 343 (16.8% versus 15.5% in the placebo and SPD489 groups, respectively). Most again related to inclusion (11.7% with 23 subjects not having at least 3 binge days per week although all were at least 2 per week) or exclusion criteria (4.1%).
[bookmark: _Toc476306779]Baseline data
SPD489-343
Groups were relatively well matched on baseline demographic characteristics. In SPD489-343, the mean age was 38.1 years, 86.5% were female, 77.6% White and the mean BMI was 33.5 kg/m2. Baseline disease characteristics were balanced (Table 3). The mean number of binge days per week was 4.59 and 4.78 in the placebo and active groups, respectively. The mean baseline MADRS total score was 4.2 and 3.9 in the placebo and SPD489 groups, respectively (Table 3). All subjects were reported to have BED with more patients having moderate severity (placebo versus SPD489: 69% versus 72%) than severe (31% versus 28%). Data from the SCID-I eating disorder module found that there were 2 subjects with anorexia nervosa (1 placebo subject in remission and 1 SPD489 subject with a past history) and 6 with bulimia nervosa (4 placebo and 2 SPD489 with all either in remission or reported as prior history). Most subjects (> 97%) had never had psychotherapy for BED and only 7 had received pharmacotherapy for BED at any point during their life. Concomitant medication use was frequent (74.9%) and was predominantly ibuprofen (23.2%), multivitamins (15.3%) and paracetamol (11.3%).
Table 3: Study SPD489-343. Summary of other baseline characteristics (Safety Analysis Set)
[image: ]
SPD489-344
Characteristics in this study were also relatively well matched between groups. The mean age was 37.9 years, 85% were female and 73% White with a mean BMI of 33.5 kg/m2. The mean baseline number of binge days per week was 4.85 and 4.66 in the placebo and SPD489 groups, respectively. The mean MADRS total score was 3.4. As with Study 343; BED was more likely to be moderate (76.2% versus 74.6%) than severe (23.8% versus 25.4%). There were 3 subjects with a prior history of anorexia or bulimia nervosa. Only 2 subjects (both in the placebo group) had received prior psychotherapy and 2 subjects (one in each group) who were receiving current psychotherapy. Four subjects had received prior pharmacotherapy for BED. Concomitant medication use was similar to Study 343.
[bookmark: _Toc476306780]Results for the primary efficacy outcome
SPD489-343
From a mean baseline of 4.78 and 4.59 binge days per week in the SPD489 and placebo groups, respectively, at Weeks 11 to 12 of treatment the LS mean decrease was -3.87 and -2.51 days. The LS mean difference of -1.35 days (95% CI: -1.7,-1.0) was statistically significant (p < 0.001). A separation of effect between SPD489 and placebo was seen from Week 1 and was relatively constant over the treatment period of 12 weeks (Figure 4). Results were supported by sensitivity analyses. Analyses of subgroups of region (US and non-US), gender, age (< 40 and ≥ 40 years) and race (White and non-White) found a lower effect in males and non-Whites (Figure 5).
Comment: The numbers in the subgroups of males, non-US, non-White were relatively small so it is not possible to draw conclusions.
Figure 4: SPD489-343. LS Mean (SEM) change from Baseline in number of binge days per week over time presented by treatment group (full analysis set)
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Figure 5: SPD489-343. LS Mean Difference (+95% CI) in change from Baseline at Visit 8 (Weeks 11 and 12) in number of binge days per week presented by subgroup (full analysis set)
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SPD489-344
From a baseline of 4.66 and 4.82 binge days per week in the SPD489 and placebo groups, respectively, the LS mean decrease to Week 11 to 12 was -3.92 and -2.26, respectively. The LS mean difference of -1.66 (95% CI: -2.04, -1.28) was significant (p < 0.001) (Table 4). As with Study 343, there was a separation of effect from Week 1 and this remained relatively constant from Weeks 3 to study end (Figure 6). Sensitivity analyses were supportive of the primary analysis. Subgroup analysis found consistent results apart from the non-US sites (Germany) where no treatment effect was seen (Figure 7).
Comment: Although the numbers were small (n = 16), the sponsor has been asked to comment on possible reasons that no effect was seen in the German subjects.
Table 4: SPD489-344. Mean change from Baseline at Visit 8 (Weeks 11 and 12) in number of binge days per week presented by treatment group (full analysis set)
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Figure 6: SPD489-344. LS Mean (SEM) change from Baseline in number of binge days per week over time presented by treatment group (full analysis set)
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Figure 7: LS Mean Difference (±95% Confidence Intervals) in Change from Baseline at Visit 8 (Weeks 11 and 12) in Number of Binge Days per Week Presented by Subgroup (Full Analysis Set)
[image: ]
[bookmark: _Toc476306781]Results for other efficacy outcomes
SPD489-343
As the primary endpoint was statistically significant, the hierarchical testing procedure continued to the secondary endpoints. The secondary endpoints were all significant up to total cholesterol. Change from Baseline to Week 12 in HbA1c was not statistically significant.
The rate of subjects being improved (very much or much) on the CGI-I at Week 12 were significantly greater in the SPD489 than placebo groups (82.1% versus 47.3%, p < 0.001). The proportion of subjects with a 4 week cessation from binge eating (prior to last study visit) was greater in the SPD489 than placebo group (40.0% versus 14.1%, p < 0.001).
The LS mean percentage change from Baseline to Week 12 in body weight was -6.25% versus 0.11% in the SPD489 and placebo groups, respectively with a LS mean difference of -6.35% (95% CI: -7.17, -5.54, p < 0.001). There was also a significant (p < 0.001) reduction in favour of SPD489 in the Y-BOCS-BE Total Score (-15.7 versus -8.3).
While there was a statistically significant LS mean difference in the change from Baseline in TG levels (-0.077 versus 0.122 mmol/L, LS mean difference of -0.199) the result is of minimal clinical significance. Similarly there was a significant but clinically small LS mean difference in total cholesterol (-0.211). There was no statistically significant difference in the change from Baseline in HbA1c.
SPD489-344
On hierarchical testing the key secondary endpoints were all statistically significant. Total cholesterol was not significant so testing ceased at this point.
At Week 12, there was a significantly greater proportion of subjects with dichotomised CGI-I categories of ‘improved’ in the SPD489 than placebo groups (86.2% versus 42.8%, p < 0.001). The rate of 4 weeks cessation from binge eating was also higher with SPD489 (36.2% versus 13.1%, p < 0.001). After 12 weeks treatment, the mean percentage change from Baseline in body weight was -5.57% with SPD489 compared to 0.15% with placebo (p < 0.001). The LS mean percentage difference was -5.41% (95% CI: -6.4, -4.4).
The LS mean change from Baseline to Week 12 in the Y-BOCS-BE Total Score was -15.4 versus ‑7.4 in the SPD489 and placebo groups, respectively (p < 0.001). Changes in TG levels also favoured SPD489 (LS mean change from Baseline of SPD489 -0.133 versus placebo -0.06, p = 0.002). There was little alteration in mean total cholesterol levels and the difference between groups was not significant (p = 0.23).
[bookmark: _Toc476306782]Evaluator commentary
[bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290888503][bookmark: _Toc416353719][bookmark: _Toc421005270][bookmark: _Toc432079152][bookmark: _Toc432080725][bookmark: _Toc241374311][bookmark: _Ref243294291]Studies SPD489-343 and 344 were identical, Phase III, pivotal efficacy studies which enrolled 383 and 390 adult subjects, respectively, with moderate to severe BED (that is at least 3 binge eating days per week and CGI-S ≥ 4). Of note, the vast majority (> 97%) of patients had no history of prior treatment with psychotherapy. In addition, the use of any prior pharmacotherapy was rare.
From an initial dose of 30 mg, the dose of SPD489 was titrated to 50 mg or 70 mg per day at the investigator discretion during the first month of treatment. The overall treatment duration was 12 weeks. This duration is relatively short for a treatment which is proposed to be used long term.
Subjects were approximately 40 years old, predominantly White and female, with a mean BMI of 33 to 34 kg/m2. The demographic pattern of BED in Australia does not appear well defined. The sponsor has been asked to comment on the applicability of the clinical trial population to the targeted one in Australia.
Mean number of binge days per week at baseline was 4.6 to 4.8. This baseline was recorded over the 14 days prior to randomisation and data were collected in a patient diary. This 14 day period at baseline is acceptable; however at study end it appears the number of binge days was collected over a one week period. The sponsor has been asked to confirm the period over which data were collected at study end, and if it was only one week rather that two to comment on whether the 7 days were sufficient given potential data variability.
The use of binge days per week rather than binge episodes per week is appropriate as it may not be possible to adequately delineate the start and end of a binge episode.
GCP non-compliance and other issues were reported in the studies with resultant data removal and reduction in subject numbers in the FAS and Completer set. Nonetheless, the overall number of analysable subjects was still within the requirements from sample size calculations. The sponsor has been asked to comment on all issues relating to study conduct for the clinical development program and the overall impact on efficacy results.
Both studies met the primary endpoint with superiority of SPD489 over placebo in the reduction in number of binge days per week. Analysis of data from the combined studies reported a least squares mean difference of -1.52 (95% CI: -1.77, -1.26).
Subgroup analysis age (< 40, ≥ 40 years), gender, race (White, non-White), ethnicity (Hispanic, non-Hispanic), region (US, non-US), BMI category (obese, non-obese) and binge eating category (moderate, severe) was undertaken on the combined dataset of the two studies and found consistent results across the subgroups, apart from in non-US subjects where the numbers were too small to draw conclusions (Figure 8). As the age cut-off was 55 years, there are no efficacy data in older adults.
Figure 8: Combined data SPD489-343 and 344. LS mean difference (95% CI) in change from Baseline at Weeks 11 and 12 in number of binge days per week presented by subgroup for the combined Phase III studies (full analysis set)
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Efficacy data were supported by sensitivity analyses and key secondary endpoints (3 relating to behaviour (CGI-I, binge cessation for 4 weeks and Y-BOC-BE) and 2 medical (body weight and TG levels)). Of note clinically was the higher rate of binge eating cessation over the 28 days prior to study end (40% versus 14% and 36% versus 13% in the two studies) with about a 23% difference in favour of SPD489.
There was also a 5 to 6% decrease in body weight in SPD489 treated subjects compared to little change in the placebo treated. The sponsor has been asked to comment on the lack of weight reduction in the placebo group given there was an effect on binge eating in those treated with placebo (-2.4 binge days per week).
[bookmark: _Toc476306783][bookmark: _Toc518999880]Other efficacy studies
[bookmark: _Toc290888504][bookmark: _Toc416353720][bookmark: _Ref463265822][bookmark: _Ref463265835][bookmark: _Ref463265931][bookmark: _Toc476306784]Study SPD489-208
[bookmark: _Toc290888505][bookmark: _Toc416353721]Design and methods
Study SPD489-208 was a Phase II, randomised, double blind, parallel group, placebo controlled, forced dose titration study conducted in adults aged 18 to 55 years with BED. It was conducted in 2011-2012 at 31 sites in the US. After a 2 week screening period, subjects entered an 11 week double blind treatment phase which included a 3 week forced dose titration and an 8 week dose maintenance period. There was a one week follow up period at the end. Three doses of SPD489 were assessed (30 mg, 50 mg and 70 mg), with subjects randomised in a 1:1:1:1 ratio to these doses or placebo. Study treatment was taken once daily in the morning and patients on active treatment commenced on 30 mg per day and escalated 20 mg each week as appropriate for their assigned dose. There were no dose reductions.
Subjects met the DSM-IV-TR criteria for BED of at least moderate severity (at least 3 binge eating days per week during the 2 week screening period).
The primary efficacy endpoint was the number of binge days per week (days during with at least one binge episode occurred) as assessed by clinical interview and patient diary. A MMRM analysis was conducted on the change from Baseline in the log transformed number of binge days per week + 1. Analysis was of the FAS (all subjects who took at least one dose of study medication and had a post-baseline primary efficacy assessment). Secondary endpoints included number of binge episodes, 4 week and 1 week remission (binge episode free), CGI-S, CGI-I, Y-BOCS-BE and MADRS. Assuming an effect size of 0.6 (active versus placebo) on the primary endpoint, 45 subjects per group gave the study 80% power based on a 2-sided test with a 0.05 significance level. Allowing 30% non-completion rate, a sample of 65 per group was planned.
Results
There were 511 subjects screened, 271 randomised with 68 in each active dose group and 67 in the placebo group. The study completion rate was 78.6% (79.9% versus 74.6% in the SPD489 and placebo groups, respectively). The main reasons for non-completion were protocol violation and patient withdrawal. Groups were moderately well balanced on baseline characteristics. The baseline mean number of binge days per week was 4.3 in the placebo group and 4.5-4.6 in the SPD489 groups. The overall major protocol deviation rate was 16.3%. The FAS included 266 subjects (5 subjects had no diary data).
The LS mean change from Baseline in the log transformed binge days per week over the 11 week treatment period was -1.17, -1.26, -1.50, -1.58 in the placebo, 30 mg, 50 mg and 70 mg SPD489 groups, respectively. Comparison of active to placebo found a significant LS mean difference in the 50 mg and 70 mg groups but not the lowest dose group of 30 mg (Table 5). Sensitivity analyses of non-transformed data, as well as transformed data with LOCF for subjects missing Week 11 data, were performed. These found similar results favouring the higher two doses. From a mean baseline line of 4.3 to 4.6 binge days per week, the reduction in mean change from Baseline to Week 11 was -3.12, -3.56, -4.17 and -4.06 in the placebo, 30 mg, 50 mg and 70 mg groups, respectively (Table 6).
The secondary endpoints of number of binge episodes per week and binge response were supportive. The rate of subjects with a 4 week remission (no binge eating during the last 28 days on study) was 20.3%, 36.9%, 44.8% and 52.3% in the placebo, 30 mg, 50 mg and 70 mg groups, respectively.
Comment: The dossier included an addendum to the CSR. In this report it was stated that data from one site (015) were ‘removed from the analysis for reasons unrelated to the study’. There were 11 randomised subjects at this site. Analysis was redone excluding these subjects.
Based on these changes, the study withdrawal rate was 22.3%. The baseline characteristics were not altered and results of the primary efficacy endpoint were similar to the original analysis with significant effects over placebo for the 50 mg and 70 mg doses but not the 30 mg dose.
The sponsor has been asked to comment on why these data were removed from the analysis and if there were any other instances where data integrity was in question in the clinical development program.
Table 5: Study SPD489-208. Analysis of the change from Baseline in log transformed binge days per week using mixed-effects model for repeated measures presented by treatment group (full analysis set)
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Table 6: SBD489-208. Means and mean changes from Baseline in non-transformed binge days per week over time presented by treatment group (full analysis set)
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[bookmark: _Toc476306785]Study SPD489-346
Design and methods
Study SPD489-346 was a Phase III, multicentre, double blind, placebo controlled, randomised withdrawal study of SPD489 in adults with moderate to severe BED. It was conducted between January 2014 and April 2015 at 38 sites in the US, 6 in Germany, 2 in Sweden, 2 in Spain and 1 in Canada.
The design included a 4 week screening phase, a 12 week open label treatment phase (4 weeks dose optimisation and 8 weeks dose maintenance), a 26 week double blind treatment withdrawal phase and a 1 week follow up (Figure 9). Dose optimisation was as in Studies 343 and 344 with an initial dose of 30 mg/day and titration to the optimal dose of 50 mg or 70 mg/day. This dose was fixed during the 8 week dose maintenance period. The lowest allowed dose was 50 mg/day.
Figure 9: Study SBD489-346. Study design schematic
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The primary objective was to evaluate maintenance of efficacy based on time to relapse between SPD489 (50 mg or 70 mg) and placebo, as measured by the number of binge days[footnoteRef:3] per week. This was assessed by clinical interview based on subject diary and CGI-S scores for subjects who responded to SPD489 by the end of the open label treatment phase. [3:  Binge eating days are defined as days during which at least 1 binge episode occurred.] 

Relapse was defined as ≥ 2 binge days each week for 2 consecutive weeks (14 days) prior to the visit and a ≥ 2 point increase in CGI-S score relative to the score at the randomised withdrawal baseline visit.
To enter open label treatment, subjects needed to have ≥ 3 binge days per week during the 14 days prior and a CGI-S score of ≥ 4. After 12 weeks treatment, those who responded were randomised (via an IWRS) in a 1:1 ratio to SPD489 (on their optimal dose) or matching placebo capsules for 26 weeks. Randomisation was stratified by region (US or non-US). Responders were defined as subjects who reported ≤ 1 binge day per week for the 4 consecutive weeks (28 days) and had a CGI-S score of ≤ 2.
Inclusion criteria were: age 18 to 55 years; BED diagnosis as per DSM-IV-TR confirmed on SCID‑I of at least moderate severity; CGI-S score ≥ 4; and BMI ≥ 18 and ≤ 40. Exclusion criteria were essentially the same as the other Phase III studies. Subjects could not have participated in another SPD489 study. Prohibited medications were also the same as the other Phase III studies.
The sample size calculations assumed a true relapse rate of 30% in the SPD489 and 50% in the placebo group (hazard ratio of 0.447) and 72 subjects per group gave the study a 90% power (α=0.05). With 20% drop out and 65% response rate from open label treatment and 20% drop out from randomised treatment prior to a relapse, 412 subjects needed to be enrolled to the open label treatment phase and 214 (107 per group) randomised.
The FAS was defined as all randomised subjects who took at least one dose of double blind treatment and who had at least one post-randomisation CGI-S assessment. The primary endpoint was the time (days) from randomisation to relapse and was analysed in the FAS using a stratified log rank test stratifying by 4 week cessation status. There were no key secondary endpoints.
Results
There were 639 subjects screened, 418 enrolled into the open label period and 275 (65.8%) completed this phase. The main reasons for not completing the open label phase were not meeting randomisation criteria (11.5%) and subject withdrawal (6.9%). There were 275 subjects randomised (137 and 138 in the SPD489 and placebo groups, respectively). Completion rates of this phase were higher in the SPD489 group (74.5% versus 36.2%) and the main reasons for study withdrawal were meeting relapse criteria (3.6% versus 29.0%) and ‘subject withdrawal’ (6.6% versus 18.1%) (Figure 10 and Table 7). Of the 418 enrolled subjects, 411 were included in the safety analysis set and 270 in the randomised safety analysis set. The FAS included 267 subjects (136 and 131 SPD489 and placebo, respectively).
Figure 10: Study SBD489-346. Subject disposition diagram
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Table 7: Study SPD489-346. Subject disposition presented by treatment phase (screened set)
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Subjects in the randomised safety set had a mean age of 38.7 years, 87.4% were female, 84.1% White and the mean BMI was 33.8 kg/m2. The groups were moderately well balanced, although there were fewer subjects with a BMI ≥ 40 in the SPD489 group (8.8% versus 22.4%). Most subjects were from North America (78.5%). At open label baseline, the mean number of binge days per week was 4.8 in both groups.
Treatment compliance (80 to 120%) during open label treatment was reported at 99.3% and > 98% during the randomised phase. The rate of protocol violations during the open label phase was 5.1% and during the randomised phase was 2.2% and 6.0% in the SPD489 and placebo groups, respectively.
Dose assignments were mistakenly provided for 80 subjects in the US by the IWRS provider. This was done when the subjects had completed treatment and had had final efficacy and safety assessments. Therefore it is not expected to impact on data quality. One study site (066) was found to have tampered with investigational product. There were 8 subjects (1.9%) enrolled (6 (2.2%) in the randomised phase) at the site which was closed and subjects discontinued. Analyses were undertaken by the sponsor excluding these subjects.
In the FAS, the rate of relapse was 3.7% (5 out of 136) and 32.1% (42 out of 131) in the SPD489 and placebo groups, respectively, and the difference in the time to relapse was statistically significant (p < 0.001). The Kaplan Meier estimate of the proportion of subjects who relapsed was 36% (95% CI: 27%, 45%) in the placebo group and 4% (95% CI: 1%, 7%) in the SPD489 group. The Kaplan Meier survival plot of time to relapse demonstrates the effect separation (Figure 11). Randomisation was stratified by 4 week cessation status (yes or no) and this factor did not have a major impact on the time to relapse (Figure 12). The majority of relapses occurred within 30 days of randomised withdrawal (60% of the SPD489 group and 62% of the placebo group).
Figure 11: SPD489-346. Kaplan-Meier survival plot of time to relapse (full analysis set)
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[bookmark: _Ref463265920][bookmark: _Toc466549125]Figure 12: SPD489-346. Kaplan-Meier survival plot of time to relapse presented by 4 week cessation status (full analysis set)
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Sensitivity analysis which excluded CGI-S status from the relapse definition found relapse rates still in favour of SPD489 (5.1% versus 34.4%) and a significant effect on time to relapse (p < 0.001). Other sensitivity analyses were supportive of the primary analysis.
At the randomised withdrawal baseline, 83.8% and 74.8% of the SPD489 and placebo groups, respectively, were reported to be ‘normal, not at all ill’ on the CGI-S. At the end of the randomised withdrawal phase (Week 38/early termination), the proportion of subjects in this CGI-S category was 81.6% and 45.0% in the respective groups.
[bookmark: _Toc476306786]Study SPD489-345
Design and methods
Study SPD489-345 was a Phase III, open label extension study for subjects who had completed Studies 208, 343 or 344. The study was conducted at 86 sites in the US and Europe. After 2 weeks screening period, if the gap from the previous study was > 30 days, subjects entered a 52 week open label treatment phase which included an initial 4 week dose optimisation period. There was one week follow up at the study end. All subjects recommenced treatment on 30 mg/day and were force titrated to 50 mg/day after one week. Titration to 70 mg/day was allowed as indicated from Week 2. Down titration to 50 mg was allowed however subjects were discontinued if further down titration was needed. Excluded concomitant medications remained the same as the feeder studies.
The primary objective was safety and tolerability and secondary objectives included efficacy response as measured by improvement on the CGI-I scale and behavioural response on the EDE‑Q[footnoteRef:4]. There were no sample size calculations, efficacy analyses were descriptive and were conducted on the FAS. The baseline for efficacy was the previous study baseline if entry was within 30 days, or the last value collected at or before Visit 0 if the gap was > 30 days. Three subjects from Site 015 of Study 208 were excluded from analysis due to issues previously mentioned at this site. [4:  The EDE-Q is a 28-item subject-rated questionnaire measuring eating pathology. It focuses on the past 28 days to assess the main behavioural (eating and purging) and attitudinal features of eating disorders. Items are rated on a 7-point scale (ranging from 0 to 6), with higher scores indicating increased pathology. There are four subscales: Restraint, Eating Concern, Weight Concern, and Shape Concern. Subscale scores are determined by calculating the sum of component item scores for a particular subscale, then dividing by the number of items in the subscale.] 

Results
There were 109 subjects rescreened with 12 screen failures. There were 604 subjects enrolled (580 in the US, 16 in Germany and 8 in Spain) with 97 who had a gap between studies of ≥ 30 days.
Comment: There were 815 subjects completing the three feeder studies, therefore 74% of eligible subjects continued onto the extension study.
There were 5 subjects excluded from safety analysis (one lost to follow up, one pregnant and 3 at Site 015). The completion rate was 61.1% (n = 369). The main reasons for premature discontinuation were subject withdrawal (10.8%), AE (9.1%), lost to follow up (7.9%) and ‘other’ (9.6%) which included site closures, compliance issues, and pregnancy (n = 15). Compliance between 80% and 120% was reported for all except 2 subjects and the protocol violation rate was low (2.8%). Subjects were predominantly white (77%) and female (87%) with a mean age of 39 years and a mean BMI of 33.8 kg/m2.
CGI-I results were dichotomised into ‘improved’ and ‘not improved’. At Week 4, the rate of subjects ‘improved’ was 88.5% and this was maintained over the study period with a rate of 89.9% at Week 52 (95% CI: 87.5, 92.3).
The mean EDE-Q global score at baseline was 3.34 with a mean decrease at Week 4 of -1.66 which was maintained to Week 52 with a mean decrease of -1.90 (95% CI: -2.0, -1.8).
[bookmark: _Toc476306787]Evaluator commentary: other efficacy studies
[bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290888507][bookmark: _Toc416353723][bookmark: _Toc421005271][bookmark: _Toc432079153][bookmark: _Toc432080726]SPD489-208
In this Phase II study, efficacy over placebo was demonstrated for the 50 mg and 70 mg per day doses but not the 30 mg/day as measured by the number of binge days per week after 11 weeks of treatment. The primary efficacy endpoint was log transformed and the reason for this has been questioned. Findings were supported by analysis of non-log transformed data and of secondary endpoints. While there appeared to be a dose response with increasing dose, inter-dose comparisons were not made.
SPD489-346
In the randomised withdrawal study, the relapse definition included both the number of binge days per week (≥ 2) and an increase in the CGI-S score (≥ 2) which is clinically appropriate.
Twelve weeks is considered an adequate period of stabilisation on open label therapy prior to randomisation and is in line with the treatment period used in the two pivotal efficacy studies. The withdrawal period of 26 weeks also is considered a sufficient time to assess relapse.
In subjects who responded to SPD489 therapy after 12 weeks, the time to relapse during the 26 week randomised withdrawal period was significantly less in those treated with SPD. The relapse rate was notably lower in the SPD489 group (3.7% versus 32.1%) and data were supported by sensitivity analyses which included a relapse definition which included only binge days per week.
Interestingly, 68% of subjects on placebo did not relapse during the randomised withdrawal phase. Although approximately one third of responding subjects resumed binge eating on cessation of SPD489 (while being treated with placebo), two thirds remained free of binge eating and this rate is greater than the relapse rate difference between placebo and SPD489. While this could be a placebo effect, it is also possible that the majority of subjects may no longer require SPD489 after the initial 12 weeks of treatment.
As subjects were discontinued on relapse, and group numbers therefore vary, secondary efficacy endpoint analysis over the 26 week period is of little benefit. In addition, the study’s design is such that long term efficacy cannot be deduced.
SPD489-345
In this open label extension study, it was found that for subjects who remained on treatment there was maintenance of effect as measured by one clinician-rated and one subject-rated scale. However, only 74% of primary completers continued on to the extension study. This could results in some bias due to self-selection. In addition, there was a low completion rate of 61% for the 1 year treatment duration. These facts, together with the open label uncontrolled design; mean that no definitive efficacy conclusions can be drawn from this study.
[bookmark: _Toc476306788][bookmark: _Toc518999881]Analyses performed across trials: pooled and meta analyses
[bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290888508][bookmark: _Toc416353724][bookmark: _Toc421005272][bookmark: _Toc432079154][bookmark: _Toc432080727]Not applicable.
[bookmark: _Toc476306789][bookmark: _Toc518999882]Evaluator’s conclusions on clinical efficacy
There were five clinical studies submitted with efficacy data to support the BED indication and the two pivotal trials were moderate in size included 773 subjects.
The population assessed were those with moderate to severe BED (on average 4 to 5 binge days per week) and this needs to be reflected in the indication which currently covers all BED patients.
Only adults 18 to 55 years were included in the development and this also should be reflected in labelling.
The clinical trial population were largely obese, White females in the US and the sponsor is to comment on the applicability of this to the Australian population.
The study population were on the whole naïve to any prior treatment for their BED. Given psychotherapy is the recommended initial therapy for BED, an assessment of efficacy in subjects who had failed psychotherapy would have been useful.
The primary efficacy endpoint was based on binge days rather than binge episodes and this is sensible as it could be difficult discerning the end of a binge episode and the start of another episode.
Treatment with SPD489 for 12 weeks was found to be superior to placebo in both pivotal efficacy studies with an improvement over placebo of approximately 1.5 binge days per week (95% CI: -1.8,-1.3).
Subjects with BED did have a notable placebo response with a reduction of about 2.4 days binge days per week.
Efficacy data were robust and were supported by sensitivity and secondary endpoint analyses.
The most clinically relevant data were the response rates and the 4 week cessation rate was notably higher with SPD489 than placebo (36 to 40% versus 13 to14%).
SPD489 resulted in an improvement on CGI-I as well as a reduction in body weight of 5 to 6% over 12 weeks (which did not occur on placebo despite a reduction in binge eating days).
Given the weight reduction in the SPD489 group, it is possible that the effect on BED is mediated through its appetite suppression activity.
There were several issues at sites relating to GCP and other concerns; however inclusion or exclusion of subjects from these sites produced similar results.
Efficacy was maintained over the 26 week randomised withdrawal period in those who were initial treatment responders and there was a significantly lower relapse rate in those continuing on SPD489 (4% versus 32% placebo group). Nevertheless, the majority of subjects who responded to SPD489 and then ceased active treatment after 12 weeks (placebo group) did not relapse (68%). This suggests that 12 weeks may be sufficient treatment duration for the majority of patients.
Subgroup using combined data from Studies 343 and 344 found consistent effects across the groups apart from in non-US subjects where numbers were low.
The dose of 30 mg per day was not efficacious and should only be used for dose titration in first week of treatment.
Open label data were provided for up to one year duration and while the rate of subjects who remain in the improved CGI category was high (90%), only about 60% of subjects completed the one year of therapy. The evaluator concludes that long term efficacy remains to be fully established and that there are only clear efficacy data for treatment up to 12 weeks duration.
[bookmark: _Toc476306790][bookmark: _Toc518999883]Other efficacy studies; ADHD
The dossier also included four clinical trials related to the ADHD indication.
[bookmark: _Toc476306791]Study SPD489-325
Study SPD489-325 was a Phase III, randomised, double blind, multicentre, parallel group, placebo and active controlled, dose optimisation safety and efficacy study of SPD489 in 336 children 6 to17 years with ADHD. The study was conducted between 2008 and 2011 in the EU. The active control was long acting methylphenidate (osmotic controlled oral release delivery system methylphenidate, OROS MPH, Concerta). Subjects were randomised in a 1:1:1 ratio to treatment with SPD489, OROS MPH or placebo and treated for 7 weeks. The study found a statistically significant greater LS mean change from Baseline to end of treatment in the ADHD-RS-IV total score when treated with SPD489 compared to placebo (LS mean difference of -18.6 (95% CI:-21.5, -15.7). Statistically significant results over placebo were also found on the CGI-I (percentage improved 78% versus 14%) and quality of life as measured by the CHIP-CE:PRF[footnoteRef:5] Achievement Domain T-Score. [5:  CHIP-CE:PRF is the Child Health and Illness Profile, Child Edition: Parent Report Form] 

Comment: This study is already included in the approved PI. Further comments have been included in Section 7.6.5.
[bookmark: _Toc476306792]Study SPD489-405
Design and methodology
SPD489-405 was a Phase IV, randomised, double blind, multicentre, parallel group, active controlled, dose optimisation safety and efficacy study of SPD489 compared with OROS MPH with a placebo reference arm, in adolescents aged 13 to 17 years with ADHD. It was conducted between April 2012 and January 2014 at 70 sites in the USA.
After a 4 week screening and washout phase, there was an 8 week double blind evaluation phase (5 weeks of dose optimisation and 3 weeks of dose maintenance period) then a one week telephone follow up.
Subjects were randomised in a 2:2:1 ratio to SPD489, OROS MPH or placebo. Doses commenced at 30 mg/day for SPD489 and 18 mg/day for OROS MPH and were titrated weekly to 50 mg or 70 mg for SPD489 or 36, 54 or 72 mg/day for OROS MPH. Optimum dose was then maintained during the remainder of the double blind period. A double dummy design was used to maintain blind during dose optimisation.
Inclusion criteria were: male and female adolescents 13 to 17 years of age; DSM IV-TR diagnosis of ADHD and with an ADHD-RS-IV Total Score of ≥ 28; age appropriate intellectual function; weight of ≥ 79.5 pounds; and not completely satisfied with some aspect of their current ADHD therapy. Subjects were excluded if they had: a significant Axis I disorder; significant comorbid Axis II psychiatric disorder; conduct disorder: BMI < 3rd percentile or > 97th percentile; or other conditions that could increase participant risk.
The primary efficacy outcome was the comparison between the SPD489 and OROS MPH groups in the change from Baseline in the ADHD rating scale IV (ADHD-RS-IV)[footnoteRef:6] total score at Week 8. Comparisons between treatment groups were analysed on the FAS using a linear MMRM. A sample size of 173 per active group gave the study a 90% power (α = 0.05) to detect a 0.35 difference between the SPD489 and OROS MPH groups. Allowing for a 5% drop out rate, 182 subjects per active group were required. [6:  The ADHD-RS-IV is completed by the physician and consists of 18 items scored on a 4 point scale ranging from 0 (no symptoms) to 3 (severe symptoms) with total scores ranging from 0 to 54. The 18 items may be grouped into 2 subscales: hyperactivity/impulsivity (even numbered items 2-18) and inattentiveness (odd numbered items 1-17).] 

Results
There were 628 subjects screened, 464 randomised with 186, 185 and 93 in the SPD489, OROS MPH and placebo groups, respectively. The rates of study non-completion were higher in the placebo group (25.3%) than the SPD489 (15.8%) or OROS MPH groups (14.7%). Discontinuation due to an AE was higher with SPD 489 (7.6% versus 1.6% OROS MPH and 3.3% placebo).
Groups were relatively well balanced on baseline characteristics. The mean age of subjects was 14.7 years, 66% were male and 75% White. The mean baseline ADHD-RS-IV total score was 37.4.
The LS mean change from Baseline to Week 8 in the ADHD-RS-IV total score was -25.6, -23.5 and –13.4 in the SPD489, OROS MPH and placebo groups, respectively. The difference between active groups (-2.1, 95% CI: -4.3, 0.2) was not statistically significant (p = 0.072). Both active groups showed a significantly greater reduction in the ADHD-RS-IV total score over placebo (p < 0.0001) (Table 8). A lack of difference between the active treatments was also found on sensitivity analyses. Testing ceased at this point due to hierarchical testing to control for multiplicity. Similar results between the active groups were seen over the treatment duration (Figure 13). The rate of improvement on dichotomised CGI-I was around 80% in both the active groups and 35% in the placebo group.
Table 8: SPD489-405. Mean change from Baseline at Visit 8 (Week 8) in ADHD-RS-IV total score presented by treatment group (full analysis set)
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Figure 13: SPD489-405. Least Squares Mean Changes from Baseline over Time in ADHD-RS-IV total score; presented by treatment group (Full analysis set)
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[bookmark: _Toc476306793]Study SPD489-406
Design and methodology
SPD489-406 was a Phase IV, randomised, double blind, multicentre, parallel group, active controlled, forced dose titration safety and efficacy study of SPD489 compared with OROS MPH (Concerta) with a placebo reference arm, in adolescents aged 13 to 17 years with ADHD. It was conducted between April 2012 and May 2014 at 77 sites in the USA, Canada and Europe.
The study differed from Study 405 as after screening there was a 4 week forced dose titration phase and a 2 week dose maintenance phase. SPD489 doses were titrated once weekly from 30 mg per day to 40 mg, to 50 mg and to 70 mg/day and OROS MPH doses were titrated once weekly from 18 mg/day to 36 mg, to 54 mg and to 72 mg/day. Subjects were maintained at the highest dose level for the 2 week dose maintenance phase. Other design and methodological aspects were similar to Study 405. The primary objective was to compare the efficacy of SPD489 70 mg with OROS MPH 72 mg with adolescents with ADHD.
Results
There were 778 subjects screened and 549 randomised with 219, 220 and 110 in the SPD489, OROS MPH and placebo groups, respectively. Study non-completion rates were similar between active groups (17% SPD489 versus 15% OROS MPH) and slightly higher than placebo (11.8%), the main reason was adverse events (6.9%, 6.4% and 0.9% in the SPD489, OROS MPH and placebo groups, respectively). Groups were comparable on baseline characteristics and the mean baseline ADHD-RS-IV total score was 36.9.
After 6 weeks treatment, the LS mean change from Baseline in the ADHD-RS-IV total score was ‑25.4, -22.1 and -17.0 in the SPD489, OROS MPH and placebo groups, respectively. The difference between the SPD489 and OROS MPH groups of -3.4 (95% CI: -5.4, -1.3) was statistically significant (p = 0.0013) (Table 9). Both active groups also had a significantly greater LS mean difference compared to placebo (p < 0.001) (Table 9) although the separation was not great as seen in Study 405. The LS mean change over time is shown in Figure 14.
Table 9: SPD489-406. Mean change from Baseline in Visit 6 (Week 6) in ADHD-RS-IV total score presented by treatment group (Full analysis set)
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At Week 6, the rate of subjects being improved on the CGI-I was 81.4%, 71.3% and 50.0% in the SPD489, OROS MPH and placebo groups, respectively and the difference between the active groups was significant (p < 0.019).
Figure 14: SPD489-406. Least Squares Mean (+SE) of change from Baseline over time in ADHD-RS-IV total score; presented by study visit and treatment group (Full analysis set)
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[bookmark: _Toc476306794]Study SPD489-404
Design and methodology
Study SPD489-404 was a Phase IV, open label, multicentre, 2 year safety study of SPD489 in children and adolescents 6 to 17 years with ADHD. It was conducted between July 2011 and September 2014 at 35 sites in Europe. The primary objective was safety. Long term efficacy was a secondary objective and was measured using the ADHD-RS-IV total score and hyperactivity/impulsivity and inattention subscale scores, as well as the CGI-S and CGI-I.
After screening and washout, there was a 4 week dose optimisation period, a 100 week maintenance period and then a 4 week safety follow up period. There were 16 visits over the 2 years. Doses of 30, 50 or 70 mg per day were given for up to 104 weeks. Subjects from Studies SPD489-317, SPD489-325 and SPD489-326 were eligible. Subjects who had not participated in an SPD489 study could also be included if they met the diagnosis of ADHD and had a baseline ADHD-RS-IV total score of ≥ 28.
Results
There were 348 children screened and 314 enrolled, 124 (39.5%) from previous studies and 190 new subjects. The FAS included 299 subjects (95.2%). Due to non-compliance with GCP at Site 049 during another study (SPD503-315), the subjects from this site (n = 14) were excluded from the FAS. Study completion rate was 60.8% and the most frequent reasons for premature withdrawal were subject withdrawal (13.1%), adverse events (12.4%) and ‘other’ (9.2%).
The mean subject age was 11.4 years, 79.6% were male and 98.7% White. Approximately one third were overweight or obese. The mean baseline ADHD-RS-IV total score was 41.1 and 80% of subjects had combined ADHD subtype. Most subjects (86.3%) had received previous therapy for ADHD with methylphenidate being the most frequent therapy. Study treatment compliance was reported at 96.5%. The rate of protocol violations or deviations was 27%.
From a baseline of 41.2 on the ADHD-RS-IV total score, the mean change to the last on treatment assessment (LOTA) was -25.8 (95% CI: -27.0, -24.5, p < 0.001). The reduction commenced at Week 1, continued to Week 4, then there was little change through to Week 104 (Figure 15). Results were similar when data from Site 049 were included. Results were also consistent across the subgroups analysed (age 6 to 12 and 13 to 17 years, gender and country).
Figure 15: SPD489-404. Mean change from Baseline in ADHD-RS-IV total score by visit; observed cases (FAS)
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From a baseline of 19.0 on the ADHD-RS-IV hyperactivity/impulsivity subscale score, there was a mean reduction of -12.6 (95% CI: -13.4, -11.9) and for the inattention subscale the mean reduction was -13.1 (95% CI: -13.8, -12.4). At the LOTA, the rate of improvement on the CGI-I was 78% with 22% not improved. The responder rate (ADHD-RS-IV total score reduction of ≥ 50% and CGI-I of very much or much improved) to LOTA was 69.2%.
[bookmark: _Ref463265935][bookmark: _Toc476306795]Evaluator commentary: other efficacy studies in ADHD
There were four studies in ADHD in the dossier which were included to support proposed labelling changes.
Two Phase IV studies compared SPD489 to OROS MPH in adolescents 13 to 17 years. One study had the dose optimised (SPD489-405) and the other had forced dose titration (SPD489-406). Efficacy was measured using the ADHD-RS-IV total score which has been used as the primary efficacy endpoint in previous studies.
In Study SPD489-405, no difference in efficacy was found between SPD489 and OROS MPH when adolescents were treated for 8 weeks (the between group difference was -2.1 (p = 0.07)). This lack of differentiation was supported by results on CGI-I.
By contrast, in the forced dose titration Study SPD489-406, SPD489 70 mg/day was found to superior to OROS MPH 72 mg/day after 6 weeks treatment with a between group difference of ‑3.4 (p = 0.001).
Despite the statistically significant result in Study 406, the evaluator queries whether the difference of 3.4 on the rating scale is of clinical relevance, particularly as the dose was force titrated to 70 mg and not optimised as would occur in clinical practice and also as it was not supported by data from the dose optimisation trial. As such, the evaluator concludes that the data do not indicate that there is a clinically important difference in efficacy between the 2 treatments in children 13 to 17 years.
The changes in the PI state there is a significant difference between treatments in Study 406 which is correct; however no numerical data have been included on the size of the difference for either Study 405 or 406. These data need to be included.
Study SPD489-404 was a 2 year open label and uncontrolled safety study of 314 children 6 to 17 years with ADHD. Long term efficacy, as measured by the change from Baseline in ADHD‑RS‑IV total score and dichotomised CGI-I, was demonstrated. Results can only be viewed as supportive due to the study’s design and the fact that only 60% of children completed 2 years treatment. No efficacy data from this study have been proposed for inclusion in the PI.
Study SPD489-325 was included in the dossier and, as this study is already included in the approved PI, the evaluator has assumed that it has been previously evaluated. The proposed PI includes some altered statements in the Clinical Trial section which relate to this study. The statements are acceptable as data are not new and relate to information already included in the approved PI Table 3.
[bookmark: _Toc518999884]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290888510][bookmark: _Toc416353726][bookmark: _Toc421005274][bookmark: _Toc432079156][bookmark: _Toc432080729][bookmark: _Toc476306797][bookmark: _Toc518999885]Studies providing evaluable safety data
[bookmark: _Toc421005275][bookmark: _Toc432079157][bookmark: _Toc432080730][bookmark: _Toc476306798]Pivotal studies that assessed safety as the sole primary outcome
[bookmark: _Ref268776745][bookmark: _Toc421005276][bookmark: _Toc432079158][bookmark: _Toc432080731]There were no pivotal safety studies.
[bookmark: _Toc476306799]Pivotal and/or main efficacy studies
[bookmark: _Toc421005277][bookmark: _Toc432079159][bookmark: _Toc432080732]For the BED indication, the pivotal studies were SPD489-343 and 344. Treatment duration was 12 weeks. Safety data in these studies included: adverse events and SAEs; vital signs (blood pressure using an automated cuff); waist circumference; weight; physical examination; clinical laboratory measurements (biochemistry, haematology, urinalysis, urine drug screens, pregnancy tests); ECGs with central reading; Columbia Suicide Severity Rating Scale (C-SSRS)[footnoteRef:7]; and Amphetamine Cessation Symptom Assessment (ACSA). [7:  The C-SSRS is semi-structured questionnaire administered by a clinician trained by the sponsor or designee. It assesses suicidal ideation and behaviour.] 

[bookmark: _Toc476306800]Other studies
The safety data listed above (apart from the ACSA) were also collected in the short term Phase II Study SPD489-208, the placebo controlled, randomised withdrawal Study SPD489-346 and the 52 week open label extension Study SPD489-345. The ACSA was also collected in Study SPD489‑346.
Safety analysis was conducted on randomised or enrolled subjects who had received at least one dose of study medication and who had a post-baseline safety assessment. Safety data from the three short term, placebo controlled studies (208, 343 and 344) were pooled into the integrated safety database. There was also a safety pool of all five BED studies.
Of the four studies in ADHD, safety data from the new Studies SPD489-404, 405 and 406 were evaluated as some changes in relation to ADHD safety have been proposed for the PI. In the Clinical Overview, data from the ADHD Integrated Safety Database was presented due to the inclusion of data from the three new studies.
[bookmark: _Ref269204367][bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290888511][bookmark: _Toc416353727][bookmark: _Toc421005283][bookmark: _Toc432079160][bookmark: _Toc432080733][bookmark: _Toc476306801][bookmark: _Toc518999886]Studies that assessed safety as the sole primary outcome
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290888526][bookmark: _Toc416353742][bookmark: _Toc421005285][bookmark: _Toc432079162][bookmark: _Toc432080735]Not applicable.
[bookmark: _Toc476306802][bookmark: _Toc518999887]Patient exposure
BED
In the three short term placebo controlled studies (safety analysis set), there were 434 subjects exposed to placebo and 568 to SPD489 (all doses) with 502 exposed to doses of 50 to 70 mg per day (Table 10, below). The mean duration of exposure was 73.1 and 73.7 days in the SPD489 and placebo groups, respectively. In Study 208, the treatment duration was 11 weeks while it was 12 weeks in Studies 343 and 344. The total person-time of exposure to SPD489 was 41,652 days.
Overall, in the clinical development program for BED there were 1,244 subjects in the safety analysis set with a mean duration of exposure of 212 days and an average daily dose of 57.5 mg. There were 380 subjects with ≥ 361 days of exposure and a total person-time exposure of 263,996 days (Table 11, below).
[bookmark: _Toc466549097]Table 10: Number of subjects exposed to SPD489 and comparators in BED clinical studies
	Study type/ Indication
	Controlled studies
	Uncontrolled studies
	Total SPD489

	
	SPD489
	Placebo
	SPD489
	

	Clinical pharmacology
	-
	-
	-
	-

	Dose finding (208)
	196
	63
	-
	196

	Indication - BED
	
	
	
	

	Pivotal/Main (343 and 344)
	373
	372
	-
	373

	Other (346)
	136
	134
	411#
	411#

	Other (345)
	-
	-
	604+
	604+

	TOTAL
	705
	503
	1015
	1244


#open label phase of Study SPD489-346 where 270 entered the randomised withdrawal phase. + extension study subjects who had participated in Studies 208, 343 or 344 (active SPD489 or placebo group)
[bookmark: _Toc466549098]Table 11: Exposure to SPD489 in BED clinical studies
[image: ]
SPD489 treated subjects in the integrated safety database had mean age of 38.6 years, were predominantly female (86.5%), White (77.5%), from the US (90.7%) and had a mean BMI of 33.9 kg/m2.
ADHD
In the two short term controlled ADHD studies, the SPD489 exposure duration was 50.5 days and 38.5 days in Study 405 and 406, respectively. In the open label long term Study 404 (n = 314), the mean exposure duration to SPD489 was 555.3 days with 238 subjects having ≥ 12 months exposure and 96 ≥ 24 months exposure. The final SPD489 dose was 30 mg, 50 mg and 70 mg in 68, 137 and 109 subjects, respectively.
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290888527][bookmark: _Toc416353743][bookmark: _Toc421005286][bookmark: _Toc432079163][bookmark: _Toc432080736][bookmark: _Toc476306803][bookmark: _Toc518999888]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290888528][bookmark: _Toc416353744][bookmark: _Toc421005287][bookmark: _Toc432079164][bookmark: _Toc432080737][bookmark: _Toc476306804]All adverse events (irrespective of relationship to study treatment)
Integrated safety analyses
For all SPD489 treated subjects, the rate of any TEAE was 86.8% (Table 12). The most frequent events (≥ 5%) were dry mouth, headache, insomnia, decreased appetite, nausea, URTI, nasopharyngitis, constipation, irritability, anxiety, feeling jittery, fatigue, diarrhoea and hyperhidrosis (Table 13).
Table 12: Summary of treatment-emergent AEs for all SPD489-treated subjects
[image: ]
Table 13: Treatment emergent AEs occurring in ≥ 5% of all SPD489 treated subjects by preferred term (SPD489 safety analysis set)
[image: ]
The rate of severe TEAEs was 7.1% with the most common being headache (0.5%), insomnia (0.4%), decreased appetite, dry mouth, viral gastroenteritis and irritability (all 0.3%). There were also 4 cases of severe (and also serious) cholecystitis (0.3%). Other severe TEAEs (occurring in 2 or 3 subjects each) included abdominal pain, blood creatine phosphokinase increased, fatigue, gastroenteritis, sleep disorder, URTI, anxiety, AST increased, back pain, bronchitis, ear infection, erectile dysfunction, intervertebral disc protrusion, migraine, nephrolithiasis, pain in extremity and pneumonia.
Pivotal and/or main efficacy studies
The rate of TEAEs in Studies 208, 343 and 344 (short term placebo controlled) was notably higher in SPD489 treated compared to placebo treated subjects (81.5% versus 55.4%) (Table 14). The most frequent SOCs involved were gastrointestinal disorders (50.1% versus 19.3%), psychiatric disorders (31.1% versus 12.2%) and nervous system disorders (24.8% versus 14.5%). The most frequent events, all of which were more common with SPD489, were dry mouth (36.4% versus 7.4%), headache (14.2% versus 9.0%), insomnia (13.7% versus 4.8%), decreased appetite (12.3% versus 3.0%) and nausea (8.3% versus 5.1%). Other frequent events that were more common with SPD489 were irritability (6.3% versus 5.3%), constipation (6.2% versus 1.4%), feeling jittery (5.3% versus 0.5%) and anxiety (5.1% versus 0.7%) (Table 15). Feeling jittery had a dose response in Study 208 (0%, 1.5%, 4.6% and 7.7% in the placebo, 30 mg, 50 mg and 70 mg SPD489 groups, respectively).
Table 14: Summary of Treatment-emergent AEs in the short-term, placebo controlled studies (Safety Analysis Set)
[image: ]
Table 15: Treatment-emergent AEs occurring in ≥ 5 of subjects in the short-term, placebo controlled studies by preferred term (safety analysis set)
[image: ]
The most frequent events of dry mouth, headache, insomnia and decreased appetite tended to have onset during the first week of treatment. Apart from decreased appetite, these events tended to resolve while on treatment (Table 16).
Table 16: Treatment emergent AEs occurring in ≥ 5% of SPD489 treated subjects in the short term, placebo controlled studies by resolution status and preferred term (safety analysis set)
[image: ]
In the three short term controlled studies, the rate of severe TEAEs was 5.8% and 3.4% in the SPD489 and placebo groups, respectively. The most frequent severe TEAEs were decreased appetite, dry mouth, headache and insomnia.
Other studies
In the ADHD Studies 405 and 406, the rate of TEAEs in subjects treated with SPD489 was generally consistent with OROS MPH and higher than with placebo. The most frequent TEAE was decreased appetite (Study 405: 53.3%, 41.8%, 7.7% and Study 406: 31.7%, 23.3% and 10.0% in the SPD489, OROS MPH and placebo groups, respectively). Other frequent events were headache, weight decreased, insomnia, dry mouth, irritability and nausea.
In the long term ADHD study, the rate of TEAEs was 89.8% with the most frequent events being decreased appetite (54.1%), nasopharyngitis (23.2%), headache (21.7%), weight decreased (20.1%), insomnia (19.1%), initial insomnia (12.1%) and irritability (11.5%). The rate of a positive response on the C-SSRS was 2.2% and there were 2 (0.6%) suicide attempts.
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290888529][bookmark: _Toc416353745][bookmark: _Toc421005288][bookmark: _Toc432079165][bookmark: _Toc432080738][bookmark: _Toc476306805]Treatment-related adverse events (adverse drug reactions)
Integrated safety analyses
Treatment related TEAEs were frequent and reported in 74.0% of SPD489 treated subjects. Events included dry mouth (35.7%), insomnia (13.7%), headache (12.1%), decreased appetite (11%), irritability (6.8%), nausea (7.0%), feeling jittery (5.9%), constipation (5.2%) and anxiety (5.5).
Pivotal and/or main efficacy studies
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290888530][bookmark: _Toc416353746][bookmark: _Toc421005289][bookmark: _Toc432079166][bookmark: _Toc432080739]The rate of treatment related TEAEs in the short term, controlled studies was 70.5% versus 33.6% in the SPD489 and placebo groups, respectively. The most frequent events were dry mouth, insomnia, decreased appetite, headache, nausea and irritability all of which were notably more frequent in SPD489 treated than in placebo treated subjects (Table 17).
[bookmark: _Ref463265979][bookmark: _Toc466549136]Table 17: Treatment emergent AEs considered related to the investigation product by the investigator occurring in ≥ 5% of SPD489 treated subjects in the short term, placebo controlled studies (safety analysis set)
[image: ]
Other studies
In the long term ADHD study, the rate of treatment related TEAEs was high at 73.9% and the most frequent events were decreased appetite (49.4%), weight decreased (18.2%), insomnia (13.1%), initial insomnia (8.9%) and irritability (8.6%). Tic was reported in 5.1%. Most events were mild (35.7%) or moderate (42.4%) in severity, with severe TEAEs occurring in 11.8% of subjects.
[bookmark: _Toc476306806]Deaths and other serious adverse events
Integrated safety analyses
There was one death in Study SPD489-208. A 29 year old Asian male died due to methamphetamine and amphetamine toxicity 9 days after his last study visit. There was no reported history of prior illicit drug use however a history of abuse became apparent subsequent to his death.
There was also a 20 year old subject from SPD489-346 who became pregnant during the study. The fetus was exposed to SPD489 for approximately 41 days prior to the subject being withdrawn from the study. The infant was born at 38 weeks and died at 2 weeks of age due to a severe congenital diaphragmatic hernia. Other abnormalities included exomphalos and limb malformation.
There were 29 subjects (2.3%) with SAEs in the integrated BED safety database (Table 18). These included 4 cases of cholecystitis, 2 of syncope and 2 of pneumonia. There was also one case of supraventricular tachycardia (SVT) and acute coronary syndrome and one moderate convulsion. SAEs deemed treatment related by the investigator included syncope, convulsion, congenital abnormality, and SVT/acute coronary syndrome.
Table 18: Serious treatment emergent AEs by system organ class and preferred term (SPD489 safety analysis set)
[image: ]
Pivotal and/or main efficacy studies
In the short term, controlled studies, the rate of SAEs was 1.5% (n = 7) versus 0.9% (n = 4) in the SPD489 and placebo groups, respectively. In addition to the death described above, the SAEs in subjects treated with SPD489 were 2 cases of syncope (0.4% versus 0.2% placebo) and one each of cholecystitis, pancreatitis, appendicitis and lumbar vertebral fracture (0.2% versus 0% placebo). The syncope cases had onset at Day 6 and Day 67 and both resulted in treatment withdrawal. Likewise, the cases of pancreatitis and cholecystitis also resulted in treatment withdrawal.
There were 6 SAEs in 4 subjects in the placebo group: conversion disorder, anaphylactic reaction, agitation plus anxiety, and syncope plus fibula fracture. All subjects discontinued due to the SAE. There was also a attempted suicide at 7 days post-treatment.
[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290888531][bookmark: _Toc416353747][bookmark: _Toc421005290][bookmark: _Toc432079167][bookmark: _Toc432080740]Other studies
There have been 2 other deaths reported. The first in an ADHD study (Study NRP104.304) was a 22 year old male who died following an epileptic seizure from cocaine and ethanol toxicity (no amphetamines reported). Diagnosis was from post mortem examination. Study treatment had ceased 11 days prior. The second case was during anti-depressant lead-in therapy in a study in major depressive disorder (Study SPD489-322). This subject died in a motor vehicle accident.
In the ADHD studies, there were 2 SAEs in Study SPD489-405: one suicide ideation in an SPD489 treated subject and one renal cyst in an OROS MPH-treated subject. In Study 406, there was one suicide ideation, one appendicitis and one psychosis in the SPD489, OROS MPH and placebo groups, respectively.
The rate of SAEs in the long term ADHD study was 8.9% (28 subjects with 36 SAEs). The most frequent SAE was syncope (1.9%, n = 6).
Comment: Syncope was required to be reported as an SAE in this study.
Two syncope cases were mild and deemed unrelated to treatment, 2 cases were moderate and unrelated, one was moderate and treatment related. The final subject had 2 episodes of syncope one of which was moderate and the other severe and resulted in treatment interruption. No syncope case resulted in treatment discontinuation. Other SAEs included 3 cases of appendicitis (1.0%) and 2 cases of pyelonephritis (0.6%). There was one SAE of severe arrhythmia which was deemed treatment related. This subject was hospitalised for a subdural haematoma and developed incomplete right bundle branch block and T wave inversion. Study treatment was discontinued. The subject was found to have a type 2 atrial septal defect.
[bookmark: _Toc476306807]Discontinuations due to adverse events
Integrated safety analyses
For all BED subjects treated with SPD489, the discontinuation rate was 49.0% and discontinuations due to an AE accounted for 8.7%. The most frequent SOC involved were psychiatric disorders (1.8%), nervous system disorders (1.1%), general disorders/ administration site conditions (1.0%), investigations (1.0%) and cardiac disorders (0.8%)(Table 19). The most common events were palpitations (0.3%), irritability (0.5%), increased blood pressure / increased diastolic blood pressure / hypertension (0.8%), anxiety (0.6%), insomnia (0.6%) and rash (0.3%)(Table 19).
Table 19: Treatment emergent AEs leading to dose discontinuation by system organ class and preferred term in all SPD489 treated subjects
[image: ]
Table 19 (continued): Treatment emergent AEs leading to dose discontinuation by system organ class and preferred term in all SPD489 treated subjects
[image: ]
Pivotal and/or main efficacy studies
In the short term, placebo controlled studies, the overall discontinuation rate was 20.8% and 21.9% in the SPD489 and placebo treated subjects, respectively. The rate of discontinuation due to an AE was 4.4% and 2.1%, respectively. The events leading to premature discontinuation that occurred in 2 SPD489 treated subjects were feeling jittery, irritability and syncope (all 0.4% versus 0% in the placebo group). Other events occurred in single subjects.
Other studies
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290888532][bookmark: _Toc416353748][bookmark: _Toc421005291][bookmark: _Toc432079168][bookmark: _Toc432080741]In the ADHD Study 405, the rate of TEAEs leading to discontinuation was higher with SPD489 than OROS MPH (7.6% versus 1.6%) and also placebo (3.3%). This trend versus OROS MPH was not as evident in Study 406 (7.3% versus 6.8% OROS MPH and 0.9% for placebo).
Comment: This is perhaps due to the forced titration to the maximum dose for both active drugs.
The most frequent events leading to discontinuation in the SPD489 groups were decrease appetite, suicide ideation, irritability, palpitations and dizziness.
The rate of discontinuation due to a TEAE in the long term ADHD study was 12.4% with the most common events being decreased appetite (2.2%), drug ineffective (1.9%), irritability (1.3%), depressed mood (1.3%), insomnia and tic (1.0% each). There were an additional 5 subjects who discontinued due to lack of efficacy that was not reported as a TEAE.
[bookmark: _Toc476306808][bookmark: _Toc518999889]Evaluation of issues with possible regulatory impact
Clinical laboratory data were pooled for the three short term, controlled BED studies only.
[bookmark: _Toc272414669][bookmark: _Toc290888533][bookmark: _Toc416353749][bookmark: _Toc421005292][bookmark: _Toc432079169][bookmark: _Toc432080742][bookmark: _Toc476306809]Liver function and liver toxicity
Pivotal and/or main efficacy studies
In the short term controlled studies, there was little change in liver function tests as measured by mean changes from Baseline to end of treatment or number of potentially clinical important (PCI) values. There was one SPD489 treated subject in Study 343 with increased GGT with onset on Day 15 and treatment was withdrawn. This subject was reported to have had an elevated GGT at the screening visit. There was one placebo treated patient with increased LFTs in Study 343. In Study 208, there were 2 SPD489 treated subjects with increased LFTs, one was the subject with methamphetamine toxicity who died.
The rates of PCI clinical chemistry results were provided and comparison between the SPD489 and placebo groups were not remarkable.
Other studies
[bookmark: _Toc272414670][bookmark: _Toc290888534][bookmark: _Toc416353750][bookmark: _Toc421005293][bookmark: _Toc432079170][bookmark: _Toc432080743]In the randomised withdrawal Study 346, there were low numbers of clinical laboratory-related TEAEs (9 during open label treatment, 5 during randomised SPD489 and 3 during randomised placebo treatment) with no evident patterns and none leading to treatment withdrawal.
Laboratory findings during the open label extension Study 345 were generally unremarkable. The rate of TEAEs due to increased ALT was 0.8% and for increased AST, increased hepatic enzymes and increased GGT was 0.3% each. There was one subject with an SAE of abnormal LFT. There were also 2 discontinuations, one due to ALT increased and the other due to hepatic enzyme increased.
There was also one subject with AST/ALT > 3 x ULN with bilirubin > 2 x ULN. After placebo treatment in Study 343 she completed one year of SPD489 (50 mg/day) during Study 345. Elevated ALT, AST and BR were noted on the Week 52 visit. CPK was also elevated (34,450 U/L). Results were improving 4 days later. The sponsor reported exercise as a possible contributing factor.
[bookmark: _Toc476306810]Renal function and renal toxicity
Pivotal and/or main efficacy studies
In the short term controlled studies, the mean changes from Baseline in renal-related clinical chemistry or urinalysis parameters were unremarkable. The rate of PCI leukocyte esterase was higher with SPD489 (12.0% versus 6.8%) as was urinary protein (4.9% versus 2.9%).
Comment: The sponsor has been asked to comment on these urinalysis findings.
One subject Study 344 had a low potassium TEAE at Week 12 which resolved on repeat testing 6 days later. There were no TEAEs relating to urinalysis results.
Other studies
[bookmark: _Toc272414671][bookmark: _Toc290888535][bookmark: _Toc416353751][bookmark: _Toc421005294][bookmark: _Toc432079171][bookmark: _Toc432080744]In the extension Study 345, mean changes from Baseline in renal function parameters were unremarkable.
[bookmark: _Toc476306811]Other clinical chemistry
Pivotal and/or main efficacy studies
Triglycerides (TG), total cholesterol (TC) and HbA1c were assessed as efficacy endpoints in Studies 343 and 344. In pooled data from these two studies, the mean baseline TG level was 1.3 mmol/L in both groups and the mean change from Baseline to end of treatment in TG level was similar between groups at -0.11 mmol/L in the SPD489 and 0.09 mmol/L in the placebo groups.
The mean baseline TC level was 5.1 and 5.0 mmol/L in the SPD489 and placebo groups, respectively and the mean change from Baseline was -0.3 and -0.1 mmol/L, respectively.
From a baseline of 5.2% to 5.3%, the mean change to end of treatment in fasting HbA1c was small at -0.01 and 0% in the SPD489 and placebo groups, respectively.
In the placebo group of Study 344, there were 2 subjects with a TEAE of increased cholesterol (high also at baseline) and one with increased CPK (resolved on repeat testing 7 days later). In Study 343, there were 2 placebo treated subjects with hypothyroidism.
Other studies
[bookmark: _Toc272414672][bookmark: _Toc290888536][bookmark: _Toc416353752][bookmark: _Toc421005295][bookmark: _Toc432079172][bookmark: _Toc432080745]Findings from Study 345 were unremarkable.
[bookmark: _Toc476306812]Haematology and haematological toxicity
Pivotal and/or main efficacy studies
There was little change from Baseline to end of treatment in haematology parameters with no relevant difference between SPD489 and placebo groups. The rates of potentially clinically important (PCI) haematology results were ≤ 2%.
Comment: While there was no evident pattern between treatment groups, low numbers make interpretation difficult.
There was one TEAE of anaemia in Study 344 at Week 12 in a subject treated with SPD489 which resolved. In Study 343, there were also 2 anaemia cases in the SPD489 group and one in the placebo group. One placebo treated subject had a TEAE of leukopenia.
Other studies
[bookmark: _Toc272414674][bookmark: _Toc290888538][bookmark: _Toc416353753][bookmark: _Toc421005296][bookmark: _Toc432079173][bookmark: _Toc432080746]In the long term extension study, mean changes from Baseline in haematology parameters were unremarkable. There was one subject who discontinued due to haemoglobinaemia at Day 112. The subject also had PCI low haemoglobin of 91 g/L. The event was not deemed treatment related by the investigator.
[bookmark: _Toc272414676][bookmark: _Toc290888540][bookmark: _Toc416353755][bookmark: _Toc421005298][bookmark: _Toc432079175][bookmark: _Toc432080748][bookmark: _Toc476306813]Vital signs and clinical examination findings
Pivotal and/or main efficacy studies
From the integrated data from the short term controlled trials, there was a small mean increase in SBP in the SPD489 group (about 1 mmHg) and small mean decrease in the placebo group (1 to 3 mmHg) (Figure 16). Similar findings were seen for DBP (Figure 17).
Figure 16: Mean (SD) change from Baseline in systolic blood pressure by visit for the short-term, placebo-controlled studies (safety analysis set)
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Figure 17: Mean (SD) Change from Baseline in diastolic blood pressure by visit for the short term, placebo controlled Studies (Safety Analysis Set)
[image: ]
Pulse rate increased with SPD489 (mean increase of 5.0 bpm at Week 11/12) and a smaller increase was also noted in the placebo group (1 to 3 bpm) (Figure 18).
Figure 18: Mean (SD) change from Baseline in pulse rate by visit for the short term, placebo controlled studies (Safety analysis set)
[image: ]
The rate of subjects with an increase in SBP of > 10 mmHg was higher with SPD489 (13 to 18% versus 7 to 11%). A similar trend was seen for an increase in DBP > 10 mmHg (8 to 12% versus 4 to 7%). PCI increases in SBP, DBP and pulse rate are shown in Table 20. A SBP of ≥ 140 mmHg and an increase of > 10 mmHg from Baseline on 2 consecutive visits was more frequent with SPD489 (1.6% versus 0.7%). A pulse rate of ≥ 110 bpm occurred in 3.4% and 0.5% of SPD489 and placebo subjects, respectively.
Table 20: Potentially clinical important vital signs values in the short term, placebo controlled studies (Safety Analysis Set)
[image: ]
In the short term studies (11/12 weeks), SPD489 treatment resulted in a mean decrease in body weight of 5.2 kg (5.5%) while there was little change in the placebo group (Figure 19). Weight decrease of ≥ 10% occurred in 15.9% versus 0.7% of the SPD489 and placebo groups, respectively.
Figure 19: Mean (SD) change from Baseline in body weight by visit for the short term, placebo controlled studies (safety analysis set)
[image: ]
Other studies
[bookmark: _Toc432079176][bookmark: _Toc432080749]Data from Study 346 were consistent with findings in the short term studies. During open label treatment, the most frequent TEAEs relating to vital signs were tachycardia (4.1%), increased BP (3.6%), increased HR (3.4%), palpitations (3.2%), hypertension (1.5%) and increased DPB (1.0%). During randomised treatment, TEAEs relating to increased heart rate or palpitations occurred in 2.9% of the SPD489 group compared to none of the placebo group. As with the short term studies, during randomised treatment there were more SPD489 than placebo treated subjects with a clinically important shift of increased BP and HR on 2 consecutive visits.
In the long term, open label extension Study 345, mean change from Baseline in BP was low (2.1 mmHg for SBP, 1.6 mmHg for DPB) and the mean increase in pulse rate was 7.4 bpm. The most frequent vital sign related TEAEs were increased BP (4.3%), increased HR (2.5%) and tachycardia (2.3%)(Table 21). The rate of subjects with SBP ≥ 140 mmHg and > 10 mmg Hg increase from Baseline on 2 consecutive visits was 3.2% and for DBP ≥ 90 mmHg with > 10 mmHg increase on 2 consecutive visits was 4.4%.
Table 21: Treatment-emergent AEs related to blood pressure, pulse rate or electrocardiogram (Safety analysis set)
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In Study 345, there was a decrease in mean body weight of approximately 8 kg by Week 32 and then mean weight stabilised (Figure 20). For the 369 subjects with data at Week 52, the mean decrease from Baseline was 8.2 kg (an 8.6% decrease). Only 1.5% of subjects had their weight decrease by ≥ 10%. The mean decrease in BMI was approximately 3 kg/m2.
Figure 20: Mean (SD) change from Baseline in body weight by visit (safety analysis set)
[image: ]
In the ADHD studies, an increase in pulse rate and in blood pressure were noted in subjects treated with SPD489. In the long term study, the mean change from Baseline to last on treatment assessment in pulse rate was 7.0 bpm, in SBP was 3.4 mmHg and in DBP was 3.2 mmHg.
In the long term ADHD study, by Week 24 there was 1.9 kg decrease in mean body weight which had returned to Baseline by Week 60 and was followed by a mean weight increase of 3.5 kg by Week 104. This change was also reflected in BMI data. At study baseline the average weight percentile for study subjects (age and sex matched to the general US population) was 65.4 and by study end at Week 104 was 48.2 indicating a slowing of growth (mean change from Baseline in the age and sex normalised weight percentile of -16.9). The rate of TEAEs of decreased weight was 20.1% with severe decreased weight reported in 2.9% and 2 subjects were withdrawn for this AE.
Physical and sexual maturation was assessed using the Tanner scale and no adverse trends were noted after up to 2 years of treatment.
The Cambridge Neuropsychological Test Automated Battery (CANTAB) was used to assess cognitive safety signals. While results indicated no adverse cognitive impact of SPD489 treatment, the lack of control groups makes result interpretation difficult.
[bookmark: _Toc476306814][bookmark: _Toc432079177][bookmark: _Toc432080750]Electrocardiograph findings and cardiovascular safety
Pivotal and/or main efficacy studies
In the short term controlled BED studies, the change from Baseline to end of treatment/Week 11 to 12 for heart rate was 3.6 and -0.5 in the SPD489 and placebo groups, respectively. The mean change from Baseline in QTcF was -1.54 and -0.73 msec, respectively. There was one SPD489 treated subject with a clinically significant ECG and 5 in the placebo group. The SPD489 treated subject had QTc prolongation (not clinically significant) and premature atrial contraction, the QTc prolongation had been reported at baseline. There was also one subject with first degree AV block who had this and ectopic atrial rhythm on an ECG at Week 12. Data on changes in QT interval were similar between active and placebo groups. Apart from the increase in heart rate, other ECG assessments were comparable between groups.
Comment: As stated by the sponsor, QTcF is a more appropriate measure of QT prolongation due to the impact of increased heart rate on QTcB.
In terms of cardiovascular related AEs, the rate of tachycardia AEs was higher with SPD489 (6.0% versus 1.1%), as was increase BP (4.2% versus 2.3%). Syncope related AEs (1.2% versus 0.2%) and AEs of vasculitis/Raynaud’s/paraesthesia (1.9% versus 0.5%) were also more frequent with SPD489, while the rate of angina/ischaemia related AEs was the same in both groups (0.7%).
Other studies
In the long term extension study, there was a mean increase in HR of 6.6 bpm and a mean decrease in QTcF of -2.6 msec. Clinically significant abnormal ECGs (QT prolongation, sinus tachycardia, non-specific T changes) were reported in 5 subjects (0.8%) and 3 of these discontinued. There were no cases of QTcF ≥ 480 msec or an increase in QTcF of ≥ 60 msec.
There was no integrated analysis of AEs of special interest in the pool of five studies. In the long term extension study, the rate of angina/ischaemia AEs was 1.7%, the rate of vasculitis /Raynaud’s/ paraesthesia was 3.5%, syncope was 0.2% (one case) and the rate of ‘other cardiovascular events’ was also 0.2% (one case of SVT).
In the open label phase of Study SPD489-346, the most frequent cardiovascular AEs of special interest were chest discomfort (1.5% and this subject discontinued), peripheral coldness (1.2%), chest pain (1.0%) and paraesthesia (1.0%). In the randomised period, the cardiovascular events in the SPD489 group were angina/ischaemia (1.5%), paraesthesia (0.7%) and syncope (0.7%). There were no cardiovascular AEs of special interest in the placebo group.
[bookmark: _Toc476306815]Psychiatric events
Pivotal and/or main efficacy studies
Suicidal ideation and behaviour was assessed using the C-SSRS data however data were not pooled. There were no suicide-related TEAEs in the short term studies. One placebo treated subject attempted suicide 7 days after the end of treatment. The rate of a positive response to any item on the C-SSRS was similar between the SPD489 and placebo groups in Study 343 (1.0% versus 1.8%) and in Study 343 (0.6% versus 1.1%).
Psychiatric adverse events were examined. The most frequent events were related to mood and were more common in the SPD489 group (10.2% versus 3.4%). The most frequent event in this group was insomnia. Aggression related events (8.8% versus 6.0%) were more common in the SPD489 group and the most frequent event in this group was irritability (6.3% versus 5.3%). Psychosis/hallucination/mania events were more frequent with SPD489 (2.8% versus 0.2%) with the most common event in this group being affect lability (1.1% versus 0%). None of the events in the SPD489 group were serious, although 2 led to discontinuation.
Other studies
[bookmark: _Toc272414678][bookmark: _Toc290888542][bookmark: _Toc416353757][bookmark: _Toc421005300][bookmark: _Toc432079178][bookmark: _Toc432080751]There was one suicidal ideation TEAE in SPD489-345 and this subject discontinued. A positive response on the C-SSRS was reported in 1.2% of subjects.
In the open label phase of SPD489-346, the most frequent psychiatric AEs of special interest were irritability (4.6%), disturbance in attention (1.5%), initial insomnia (1.5%), depression (1.2%), and logorrhoea (1.2%). In the randomised phase, mood-related AEs were more frequent in the SPD489 group (SPD489 versus placebo: 8.1% versus 4.5%), while irritability occurred at a similar frequency (2.9% versus 3.0%).
In the long term ADHD study; there were 2 subjects with suicide ideation events (one case serious) and one subject who attempted suicide. Based on the CSSR-S there were 7 (2.2%) subjects with a positive response to suicidal ideation and behaviour items. There were 17 subjects with aggression related events. None of these were serious, however 2 led to withdrawal and 7 cases were reported as treatment related.
Overdose, abuse, dependence
There were 10 subjects (0.8%) treated with SPD489 who had TEAEs of overdose (intake of more than one capsule per day in double blind studies or exceeding 70 mg/day in open label studies). In 8 cases only one extra capsule was taken, in one case one extra capsule was taken on 2 days and in the last case ≤ 3 capsules were taken (precise number unknown).
Comment: The sponsor stated in the Summary of Clinical Safety that information concerning overdoses in the BED clinical development program has been submitted in the Abuse Dependence Liability Assessment Report in Module 5.3.5.4. This report could not be located in the dossier and a question has been raised.
There were two SPD489 treated subjects (0.2%) with a TEAE of withdrawal syndrome 1 to 2 days post treatment cessation. One reported ‘withdrawal symptoms’ and one ‘fatigue/ withdrawal symptoms’. One subject (0.1%) discontinued due to drug dependence (‘intermittent drug craving’). Withdrawal symptoms were assessed using the self-reported Amphetamine Cessation Symptom Assessment (ACSA) questionnaire in Studies 343, 344 and 346. Higher scores are associated with greater withdrawal symptom severity. In the pooled data from Studies 343 and 344, mean ACSA total scores were slightly higher in the SPD489 group than the placebo group 2 to 7 days post last dose and after this scores were comparable.
In Study 346, the ACSA scores were assessed for 7 days following last study medication dose at the end of the randomised withdrawal phase (up to 38 weeks of treatment). There was little difference in symptom scores between the SPD489 (all dose as well as 50 and 70 mg/day) and placebo groups (Figure 21).
Figure 21: Mean (± SD) ACSA total aggregate scores presented by treatment group for the 7 day period following the last dose of investigational product (Randomised Safety Analysis Set)
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[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290888550][bookmark: _Toc416353765][bookmark: _Toc421005308][bookmark: _Toc432079179][bookmark: _Toc432080752][bookmark: _Toc476306816][bookmark: _Toc518999890]Other safety issues
[bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290888551][bookmark: _Toc416353766][bookmark: _Toc421005309][bookmark: _Toc432079180][bookmark: _Toc432080753][bookmark: _Toc476306817]Safety in special populations
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290888552][bookmark: _Toc416353767][bookmark: _Toc421005310][bookmark: _Toc432079181][bookmark: _Toc432080754]Safety was assessed by age group of < 40 years and ≥ 40 years and the data were generally consistent between these groups in the short term studies (Table 22). In the total SPD489 population, there was a slightly higher rate of SAEs (3.2% versus 1.6%) and discontinuations due to TEAEs (9.7% versus 6.7%) in those aged 40 years and over.
Table 22: Overall summary of treatment emergent AEs by age group in the short term, placebo controlled studies (safety analysis set)
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For males and females, TEAE and SAE rates were similar while TEAEs leading to discontinuation were more frequent in females (8.6% versus 4.8%).
Comment: Assessment by gender is hampered by the relatively small number of males (13.5%) in the clinical development program for BED.
The number of non-Whites was also relatively low (22%) making conclusive comments difficult, although findings were generally consistent with White subjects.
In the short term studies, analysis of safety data by obesity status (a BMI < 30 or ≥ 30 kg/m2) found fairly consistent results between the obese and non-obese for TEAE and SAE rates. The obese subjects did have a higher rate of severe TEAEs compared to the non-obese subjects when treated with SPD489 (6.7% versus 3.7% and 3.0-3.6% in the placebo groups).
Comment:  The sponsor noted that there was as slightly higher rate of treatment with 70 mg in the obese compared to non-obese subjects (65.7% versus 52.9%).
In the all SPD489 treated subjects group, the rate of severe TEAEs was 7.6% versus 5.8% in the obese and non-obese subjects. Other TEAE rates were generally consistent between obesity status groups. Palpitations were more frequent in non-obese subjects (5.2% versus 2.8%).
Pregnancy
In Study SPD489-346 there were 4 reported pregnancies: one with 89 days exposure and one with 188 days exposure both had unknown outcomes; one with 111 days exposure and the baby was born with congenital anomalies and died at 2 Weeks (reported as an SAE); and the last had 39 days exposure and a healthy infant was born at term.
There were 2 pregnancies in Study SPD489-343: one with 19 days exposure to placebo and a healthy infant was delivered; the other with 21 days exposure to SPD489 and resulted in a spontaneous abortion.
In the long term Study SPD489-345, there were 15 reported pregnancies. 10 subjects discontinued and in 5 cases the pregnancy was detected after study completion. The pregnancy outcomes included one spontaneous abortion, one elective abortion, 3 normal term deliveries, one pre-eclampsia and delivery at 36 weeks and for the remainder the outcome was unknown.
Comment: To understand the potential risk to the foetus from maternal exposure, it is recommended that clinical trial and post-marketing data on pregnancy and foetal outcome across both ADHD and BED indications are summarised.
[bookmark: _Toc476306818]Safety related to drug-drug interactions and other interactions
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290888543][bookmark: _Toc416353758][bookmark: _Toc421005301][bookmark: _Toc432079182][bookmark: _Toc432080755]No new data submitted.
[bookmark: _Toc476306819][bookmark: _Toc518999891]Post marketing experience
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290888555][bookmark: _Toc416353770][bookmark: _Toc421005312][bookmark: _Toc432079183][bookmark: _Toc432080756]It was reported that, as of 31 January 2015, the total cumulative exposure to SPD489 was 5.49 million person years for the treatment of ADHD. The Summary of Clinical Safety did not contain any further post marketing safety data. No PSURs were included in the dossier.
[bookmark: _Toc476306820][bookmark: _Toc518999892]Evaluator’s overall conclusions on clinical safety
[bookmark: _Toc476306821]BED
For the BED indication, which consisted of 5 clinical trials, there were 1244 subjects exposed to SPD489 with a mean duration of 212 days at an average daily dose of 57.5 mg. There were 380 subjects with ≥ 361 days of exposure and a total person-time exposure of 263,996 days. In the three short term placebo controlled studies there were 502 subjects exposed to 50 or 70 mg per day with mean duration of 73 days.
TEAEs were frequent (in the short term studies, SPD489 versus placebo: 82% versus 55%) and were generally treatment related (70.5% versus 33.6%). The most common treatment related events were dry mouth, insomnia, decreased appetite, headache, nausea and irritability.
Events tended to occur early in treatment and there was some evidence of resolution while on treatment.
Severe TEAEs occurred in 5.8% of the SPD489 compared to 3.4% in the placebo group and were most commonly decreased appetite, dry mouth, headache and insomnia.
There was one death in the BED program in a male subject 9 days after the last study visit. The cause of death was methamphetamine and amphetamine toxicity. While the substance abuse became apparent after his death, it is unclear whether there was any triggering role from the SPD489 treatment.
There was also a death of a neonate with congenital abnormalities who had been exposed to SPD489 for 41 days. There were no other congenital abnormalities reported in the other pregnancies in the program. Nonetheless, the sponsor has been asked to comment on pregnancy and foetal outcome data associated with SPD489 exposure.
While the overall rate of adverse events is high, the rate of serious adverse events was relatively low at 2.3% in the overall population. In the short term studies, the SAE rate was slightly higher with SPD489 than placebo (1.5% versus 0.9%). There were 4 SAEs of cholecystitis (0.4%). The BED population which is typically obese females would be at risk of gall bladder disease, however it is unclear whether there is an association with treatment and this should be monitored. There were also 2 SAEs of syncope (compared to one in the placebo group) both of which led to treatment discontinuation. The sponsor has been asked to comment on these 2 risks and why they are not included in the PI.
While study discontinuation rates were high (49% of the overall population and 21% in the short term studies), the reported rate of discontinuation due to an AE was lower (4.4% versus 2.1% in the SPD489 and placebo groups, respectively in the short term studies). The notable events leading to discontinuation were feeling jittery, irritability and syncope.
Laboratory findings on the whole were unremarkable and changes in lipids (TC and TG) were minimal.
Treatment with SPD489 resulted in weight loss of about 5 kg (5.5% reduction in body weight) over the 11-12 weeks and 8 kg (8.6% reduction in body weight) over 52 weeks. The weight loss stabilised by about Week 32 of treatment. Interestingly, despite a reduction in binge eating, there was little weight reduction in placebo treated subjects.
Consistent with what is known, subjects treated with SPD489 had a small increase in SBP and DBP of 1 to 3 mmHg and an increase in heart rate of 5 to 7 bpm. The ECG findings were not remarkable and the rate of CV events was low. While this is encouraging, CV risks may not have been detected due to insufficient treatment duration, inadequate sample size and careful trial population selection.
Psychiatric events were more common with SPD489 than placebo, although events, typically insomnia, irritability and affect lability, were not serious. Suicidal ideation and behaviour was infrequent and no higher than with placebo.
There was no evidence of treatment abuse in the data supplied however this does not remove the reality of this risk. A quoted report on this could not be located in the dossier and this has been queried.
Treatment withdrawal symptoms, as assessed by the ACSA questionnaire, were not a significant issue and TEAEs of withdrawal syndrome were only reported in 0.2%.
Safety data assessment by subgroups of age, obesity status, gender and race was hampered by low numbers of males and non-Whites although no major signals were evident.
No post-marketing data were supplied.
Overall, safety data in subjects with BED were generally consistent with that reported for the ADHD indication and with what is known for stimulants. Data on pregnancy, cholecystitis and syncope need further elucidation. While cardiovascular event risk and risk of treatment abuse were not evident in the clinical program, they still cannot be ruled out.
[bookmark: _Toc476306822]ADHD
Safety data subjects with ADHD aged 6 to 17 years were included in the dossier. The 2 year extension study included 314 subjects with a mean exposure duration of 555 days and 96 subjects had ≥ 24 months exposure to SPD489.
The rate of treatment related TEAEs was high at 73.9% and the most frequent events were decreased appetite (49.4%), weight decreased (18.2%), insomnia (13.1%), initial insomnia (8.9%) and irritability (8.6%). Tic was reported in 5.1%. Most events were mild (35.7%) or moderate (42.4%) in severity, with severe TEAEs occurring in 11.8% of subjects.
The SAE rate in long term study was 8.9% and the most frequent event was syncope (1.9%) which was required to be reported as an SAE. In all syncope cases treatment was continued. There was one treatment related RBBB and T wave inversion in a subject with a subdural haematoma.
Discontinuation rate due to an AE in the long term ADHD study was reasonably frequent at 12.4% and the main reasons were decreased appetite, drug ineffective, irritability, depressed mood, insomnia and tic.
The rate of a positive response on the C-SSRS was 2.2% and there were 2 (0.6%) suicide attempts. Aggression-related AEs were reported in 5.4% of subjects.
An increase in heart rate of about 7 bpm and increase in SBP and DPB of about 3 mmHg were reported.
The concern that SPD489 could decrease growth was confirmed as the average age and sex matched weight percentile declined from 65% to 48% over the 2 years of the long term study. This risk has been added to the PI.
There was no effect on sexual maturation as measured by Tanner scale. CANTAB assessment of cognitive safety did not show an adverse impact of treatment although the lack of a control group made interpretation difficult.
Following the inclusion of the three latest ADHD studies in the integrated safety database, the sponsor reported that there has been a change incidence of 13 adverse drug reaction terms. These changes are shown in Table 23.
It is unclear why tabulated data on the incidence of adverse drug reactions has not been included in the PI for ADHD (nor proposed for BED). This has been queried.
Table 23: MedDRA preferred terms with a change in incidence category or data source for determining incidence
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[bookmark: _Toc518999893]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290888557][bookmark: _Toc416353772][bookmark: _Toc421005314][bookmark: _Toc432079185][bookmark: _Toc432080758][bookmark: _Toc476306824][bookmark: _Toc518999894]First round assessment of benefits
Table 24: Assessment of benefits and uncertainties
	Indication – Binge Eating Disorder

	Benefits
	Strengths and Uncertainties

	Statistically significant efficacy over placebo as measured by the number of binge eating days per week.
	Superiority demonstrated in two randomised, placebo controlled trials. The placebo-corrected effect size was 1.5 binge days per week.

	Efficacy on the primary endpoint was supported by positive effect across the secondary endpoints in both pivotal trials.
	The benefit of SPD489 was confirmed on CGI-I score, proportion ceasing all binge eating for the last 4 weeks of the trial, percentage reduction in body weight, the change in the Y-BOCS-BE total score and triglyceride levels.

	Efficacy was consistent across subgroups.
	Generally consistent results from the combined Phase III study dataset on all subgroups apart from non-US subjects where numbers were small.

	A positive response on the clinically relevant endpoint of 4 week binge eating cessation.
	In the SPD489 groups, the 4 week cessation of binge eating rate was 36 to 40% compared to 13 to 14% in the placebo group with a difference of 23 to 26%.

	Lower risk of relapse.
	The randomised controlled withdrawal study found a relapse rate of 4% in those on SPD489 compared to 32% in those on placebo.

	Safety generally in line with what is known from the ADHD population.
	The safety dataset for BED was moderately large in size including 1244 subjects with mean treatment duration of 212 days. 

	Weight reduction.
	In a population which is typically obese, there was a 5.5% reduction in body weight over 12 weeks treatment (compared to no change with placebo) and up to 8.6% in the one year study. Weight reduction was seen to stabilise at around Week 34 of treatment.

	Lack of significant withdrawal symptoms.
	TEAEs of withdrawal syndrome were infrequent (0.2%) and specific questionnaire data (ACSA) did not indicate a significant issue.

	First pharmaceutical treatment option for BED in Australia. 
	A novel therapeutic option for patients, particularly for those who may not have access to psychotherapy.


[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290888558][bookmark: _Toc416353773][bookmark: _Toc421005315][bookmark: _Toc432079186][bookmark: _Toc432080759][bookmark: _Toc476306825][bookmark: _Toc518999895]First round assessment of risks
Table 25: assessment of risks and uncertainties
	Risks
	Strengths and Uncertainties

	Treatment-related adverse events are very frequent (for example drug mouth, insomnia, headache, decreased appetite, irritability, nausea, feeling jittery).
	The rate of treatment related AEs in the short term studies was 71%. Despite the high rate, the SAE risk is moderately low (2.3%). In addition, the risk of discontinuation due to AEs was 4.4% in the short term studies and 9% in the 1 year study indicating the risks may be tolerable.

	Increased blood pressure and heart rate
	There is a well-documented increase in BP of 1-2 mmHg and an increase in heart rate of 5-7 bpm.

	Populations where stimulant treatment is contraindicated.
	As already stated in the PI, contraindicated populations include: those with symptomatic cardiovascular disease, advanced arteriosclerosis, moderate to severe hypertension, glaucoma, hyperthyroidism, phaeochromocytoma, other psychiatric disorders, agitated states, tics or Tourette’s syndrome, drug dependence and alcohol abuse.

	No firm long term efficacy data
	The efficacy was established over a 12 week treatment period. Supportive studies did not provide firm evidence of efficacy over longer treatment durations.

	No long term safety data beyond 1 year.
	Safety data in the BED population were only available to 1 year and this is a risk given the proposal that treatment could be prescribed indefinitely.

	Cardiovascular risk.
	Cardiovascular events (apart from the effects on vital signs) were not evident in the BED clinical program, however the studies were not aimed at assessing this risk. The risk has been associated with weight loss therapies and is applicable to SPD489.

	Risk of normalising amphetamine use for appetite suppression.
	Given the widespread problem in our community of overeating, the availability of SPD489 for the BED population may have an impact on normalising amphetamine use for appetite suppression and weight loss. 

	Risk of off label use for weight loss, risk of abuse and of diversion out of the clinical setting.
	Off label use for weight loss is a real risk given the positive effects on weight reduction seen in the clinical trials. While treatment abuse was not seen, the clinical trial setting is very controlled. The risk of diversion has not been elucidated however, due to the nature of the drug, it is an evident possibility.

	Growth retardation in children with ADHD
	The 2 year ADHD study confirmed reduction in growth of children.


[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290888559][bookmark: _Toc416353775][bookmark: _Toc421005316][bookmark: _Toc432079187][bookmark: _Toc432080760][bookmark: _Toc476306826][bookmark: _Toc518999896]First round assessment of benefit-risk balance
The clinical development program for binge eating disorder produced robust efficacy results compared to placebo. The trial populations were required to have BED (DSM-IV-TR diagnosis with CGI-S ≥ 4) of at least moderate severity as defined by at least 3 binge days per week in the 2 weeks prior to randomisation. The proposed indication is for ‘adults with BED’. This is not appropriate given the population studied and treatment needs to be limited to those with moderate to severe BED.
The safety of SPD489 in the BED population was consistent with what is already known for the product and risks have been assessed through to 1 year of treatment. There is a possible risk of cholecystitis, although there are insufficient data to confirm the association. This potential risk should be monitored.
One of the main safety issues is that of the longer term cardiovascular risk. This is a concern given the history of amphetamine based weight loss products. Had the product been developed for weight loss, there would have been a requirement for a cardiovascular outcome study. This requirement was sidestepped due to the development occurring in BED. SPD489 results in a small increase in BP together with increase heart rate and the BED population is obese and cardiovascular events are feasible. While no CV risk was evident in the clinical program, the sample may have been too small, the trial duration too short and the population carefully selected. Given these issues, a number of measures need to be put in place to manage the potential CV risk. These include avoidance of the product in those with high CV risk, careful blood pressure and cardiovascular monitoring and treatment of hypertension.
The evaluator has not been shown any convincing argument for the need to continue the treatment long term. In fact, in the withdrawal study the relapse rate in the placebo group was not 100% but only 32% indicating that 68% of subjects did not relapse. While this may partly be a placebo response, there is also the possibility that the initial 12 weeks treatment had a training effect and further treatment may not be necessary.
The presented data provide sufficient evidence of efficacy over 12 weeks treatment. However, the lack of evidence for long-term efficacy and the absence of longer term cardiovascular outcome data, lead the evaluator to recommend that treatment with SPD489 in BED should be limited to a maximum duration of 12 weeks. As SPD489 is an amphetamine stimulant, there is a real risk of treatment abuse, dependency and diversion out of the clinical setting. Also, given the positive data on weight loss, there could well be off label use in this indication. There is a widespread issue of overeating and obesity in our community and coupled with this is the ever-present desire for pharmacological solutions. The availability of SPD489 for binge eating disorder poses a broader issue as it could lead to a perceived normalisation of the use of amphetamines as appetite suppressants. This public health risk is obviously difficult to quantify but deserves consideration.
The recommended first line treatment for BED is psychotherapy; however this was used in less than 3% of the pivotal efficacy population. Unfortunately, there are no efficacy data for patients who have failed psychotherapy and this is a limitation of the clinical development program. Given the risks of lisdexamfetamine treatment to the patient and the community in general, the evaluator believes that the most prudent course of action would be to limit its use to second line therapy and that it is available for first line therapy only if there is no possible access to psychotherapy.
Labelling must be very clear that the product not be used for weight loss, and it is recommended the indication includes wording such as that in the US label:
Vyvanse is not indicated or recommended for weight loss. Use of other sympathomimetic drugs for weight loss has been associated with serious cardiovascular adverse events. The safety and effectiveness of Vyvanse for the treatment of obesity have not been established (see Warnings and Precautions (5.2)).
There should also be very tight controls on the use of the drug and it is recommended that treatment should only be initiated and managed by specialist psychiatrists. This is similar to ADHD where the PI states that treatment should be commenced by a specialist.
In summary, lisdexamfetamine was found to be an efficacious treatment for BED with a short term safety profile that, despite high adverse reaction rates, appears tolerable. There is an evident clinical place for a product to treat BED as there are no currently approved drug therapies in Australia for the condition and patients may not all have access to recommended psychotherapy. On the other hand, there are numerous serious risks largely due to the nature of this amphetamine product. These risks include off label use for weight loss, abuse, dependency, diversion out of the clinical setting, normalising amphetamine use as an appetite suppressant, lack of firm efficacy data beyond 12 weeks and the absence of longer term cardiovascular outcome data. Given these issues, the evaluator concludes that under the proposed usage the benefit-risk balance is negative.
ADHD data were submitted to support changes to the product information. These new data showed similar efficacy between SPD489 and OROS MPH. Safety data with treatment up to 2 years duration showed a reduction in growth which has been covered adequately in the proposed PI changes.
[bookmark: _Toc518999897]First round recommendation regarding authorisation
It is currently not recommended to authorise Vyvanse in the proposed indication of ‘the treatment of BED in adults’. The product’s risks and current data are such that there needs to be significant tightening of the indication and the safety warnings, as well as further restrictions on the product’s availability. Consideration should be given to the following recommendations:
The indication should limit treatment to adults with moderate to severe BED.
Treatment should be a second line therapy after failed psychotherapy. It is recommended that it is used as first line only in those who do not have access to psychotherapy. The indication should include a warning that the treatment is not for weight loss and also included the risk of serious cardiovascular adverse events associated with sympathomimetic drugs for weight loss.
Treatment should only be initiated and managed by specialist psychiatrists.
In the absence of further longer term efficacy, safety and cardiovascular outcome data, treatment duration should be limited to a maximum of 12 weeks.
Changes to the PI and CMI outlined need to be addressed.
Questions in Section 11 need to be satisfactorily addressed.
It is recommended that the changes to the PI in relation to the ADHD indication be approved subject to satisfactory responses to the comments.
[bookmark: _Toc518999898]Clinical questions
[bookmark: _Toc518999899]Pharmacokinetics
None.
[bookmark: _Toc518999900]Pharmacodynamics
None.
[bookmark: _Toc518999901]Efficacy
In Study SPD489-208, the primary efficacy endpoint (number of binge days per week) was log transformed for analysis while in the Phase III studies this was not done. Please discuss why this log transformation was undertaken.
For Study SPD489-208, the dossier included an addendum to the CSR. In this report it was stated that data from one site (015) were ‘removed from the analysis for reasons unrelated to the study’. Please comment on why these data were removed from the analysis and if there were any other instances where data integrity was in question in the BED clinical development program.
Studies SPD489-343 and 344 were identical and conducted at the same time and both largely in the US. Please discuss how independence of the two studies was achieved and maintained.
In Study SPD489-343, the FDA review comments on issues at Site 066 where 21 subjects were enrolled. Please comment on this and whether it had any impact on the final results of the study.
In Study SPD489-344, there were issues noted at Sites 015 (reasons unrelated to the study) and 079 (non-compliance with GCP) which led to the data from these sites being excluded from analyses. Please clarify what the issues were at Site 015 and also comment on any differences in the primary endpoint results when the data from these 2 sites were included or excluded from the efficacy analyses.
In Study SPD489-344, no treatment effect for the change from Baseline in number of binge days per week was seen in the German subjects (it is acknowledged that the sample size for this subgroup was small). Please comment on this finding.
In Studies SPD489-343 and 344, there was a reduction in number of binge days per week in the placebo group but not reduction in body weight, while body weight reduction of 5-6% was seen in the SPD489 groups. Please comment on this apparent disconnect in the data and the lack of effect on weight in the placebo group.
The demographic pattern of BED in Australia does not appear well defined. Please comment on the applicability of the BED clinical trial population (which was largely from the US), in relation to demographics and disease characteristics, to the targeted one in Australia.
At baseline, binge days per week were collected over a 2 week period, however at study end it appears the number of binge days was collected over a one week period. Please confirm the period over which primary efficacy endpoint data were collected at study end. If this period was one week, please comment on whether the 7 days were sufficient given a potential for data variability.
Given the relative effect on weight loss of SPD489 over placebo, it would appear efficacy in BED is likely related to the appetite suppressive effects of the product. Please discuss.
Are there any efficacy data in BED subjects who have failed psychotherapy? If not, is development in this group planned?
[bookmark: _Toc518999902]Safety
1. In the short term controlled studies, there was little change in urinalysis results, however the rate of PCI leukocyte esterase was higher with SPD489 (12.0% versus 6.8%) as was urinary protein (4.9% versus 2.9%). Please comment on these findings.
2. It was stated in the Summary of Clinical Safety that information concerning overdoses in the BED clinical development program has been submitted in the Abuse Dependence Liability Assessment Report. This report could not be located in the dossier. Has this report been previously evaluated? If not, please submit it together with appropriate summary and commentary on these risks in the BED population.
3. Given the death of an infant with congenital anomalies who had been exposed to SPD489 in utero during a BED clinical trial, please provide any further data (clinical and post marketing) on pregnancies and foetal outcomes across both ADHD and BED indications.
4. There were 4 cases of cholecystitis reported in the clinical program. It is acknowledged that the BED population is typically obese females and so may be at risk of gall bladder disease; nonetheless please discuss this possible safety signal. In addition, discuss why the risk has not been included in the PI or RMP.
5. There were 2 SAEs of syncope in subjects treated with SPD489, both of which led to treatment discontinuation. Please comment on this risk and whether further information and precaution should be included in the PI and CMI.
6. Please discuss what is known about the risk of off label use of Vyvanse for weight loss, particularly since registration in the US, and how it is proposed to manage this risk.
[bookmark: _Toc518999903]Second round evaluation of clinical data submitted in response to questions
[bookmark: _Toc476306846][bookmark: _Toc518999904]Efficacy
7. In Study SPD489-208, the primary efficacy endpoint (number of binge days per week) was log transformed for analysis while in the Phase III studies this was not done. Please discuss why this log transformation was undertaken.
Sponsor’s response: Study SPD489-208 was a proof of concept study with exploratory endpoints. The data on number of binge days per week were analysed both log-transformed and non log-transformed with similar statistically significant results compared to placebo on both analyses for the 50 mg and 70 mg doses but not the 30 mg dose. Following results from Study 208, the primary endpoint selected for the Phase III studies was not log-transformed.
Evaluator’s comments: The explanation is satisfactory.
For Study SPD489-208, the dossier included an addendum to the CSR. In this report it was stated that data from one site (015) were ‘removed from the analysis for reasons unrelated to the study’. Please comment on why these data were removed from the analysis and if there were any other instances where data integrity was in question in the BED clinical development program.
Sponsor’s response: The sponsor stated that in ‘2011, [the sponsor] received notice from the FDA that the principal investigator Robert Horne, MD, at Site 015 had been found to be outside the measures of GCP for reasons unrelated to the study.’ Analyses were undertaken with data from this site removed and it was concluded that this ‘did not significantly impact the data and results leading to the conclusions of the clinical trial.’
There were 4 sites with findings of non-compliance with GCP during the clinical development program listed in Table 26 below. Further information is given in response to Efficacy Question 4 below.
Table 26: Sites with GCP non-compliance during the BED clinical development program
[image: ]
Evaluator’s comments: The type of GCP non-compliance was not explained. It appears the GCP non-compliance issues were limited to the sites listed in the table. Further comments are with Question 4.
Studies SPD489-343 and 344 were identical and conducted at the same time and both largely in the US. Please discuss how independence of the two studies was achieved and maintained.
Sponsor’s response: Study SPD489-343 was conducted at 50 sites in the US, Germany, Sweden, and Spain, while Study SDP489-344 was carried out at 41 sites in the US and 2 sites in Germany. The 2 studies did not share any sites and subjects during the time course of the studies. These physically separating arrangements were sufficient to achieve and maintain independence for these 2 studies.
Evaluator’s comments: The response is satisfactory.
In Study SPD489-343, the FDA review comments on issues at Site 066 where 21 subjects were enrolled. Please comment on this and whether it had any impact on the final results of the study.
Sponsor’s response: Signs of investigational product tampering were detected at Site 066 of Study SPD489-346 and the site was closed and subjects discontinued. Study SPD489-343 had been completed by this stage.
In Study 346, there were 8 subjects enrolled at Site 066 representing 1.9% of the total enrolment. At the time of closing the site, 2 subjects had already discontinued (failure to meet randomisation criteria and a protocol violation of out of range blood pressure) and 6 subjects in the randomised withdrawal phase were discontinued. None of the 6 subjects relapsed. The sponsor analysed data without the 8 subjects and found that the primary efficacy conclusion was not impacted. Safety data from the 8 subjects were not remarkable.
In Study SPD489-343 there were 21 subjects at Site 066. One of these subjects did not have primary efficacy data at study endpoint. Data were reanalysed removing these 20 subjects. The LS mean change from Baseline in the number of binge days per week in the SPD489 and placebo groups was -3.82 and -2.48, respectively, with a LS mean difference of -1.34 (95% CI: ‑1.70, ‑0.98, p < 0.001). The LS mean difference in the original CSR was -1.35.
Evaluator’s comments: Removal of the data from Site 066 in both Studies SPD489-343 and 346 did not effect results on the primary efficacy endpoint analysis for either study.
In Study SPD489-344, there were issues noted at Sites 015 (reasons unrelated to the study) and 079 (non-compliance with GCP) which led to the data from these sites being excluded from analyses. Please clarify what the issues were at Site 015 and also comment on any differences in the primary endpoint results when the data from these 2 sites were included or excluded from the efficacy analyses.
Sponsor’s response: In Study SPD489-344 there were 23 subjects randomised at the 2 sites in question; 11 at Site 015 and 12 at Site 079. Site 015 was investigated externally and source data verification by the sponsor was not possible. Therefore data were excluded from the primary efficacy analysis. The sponsor stated ‘that removing the data from this site did not significantly impact the data and conclusions leading to the result of the clinical trial. At Site 079 the GCP non-compliance issues included failure to follow critical study procedures set forth by the protocol for collection of efficacy data, inadequate medical oversight, improper entry of subject data, and incomplete source documentation’. The study data were analysed including Sites 015 and 079 and the LS mean difference in the number of binge days per week was -1.68 (95% CI: ‑2.06, -1.3, p < 0.001) which was comparable to the data in the CSR which excluded these 2 sites (LS mean difference -1.66, p < 0.001).
Evaluator’s comments: The explanation is satisfactory and primary endpoint data are similar whether the 23 subjects are included or not in the analyses.
In Study SPD489-344, no treatment effect for the change from Baseline in number of binge days per week was seen in the German subjects (it is acknowledged that the sample size for this subgroup was small). Please comment on this finding.
Sponsor’s response: The German sites were Sites 015 and 079 and of the 23 included subjects, 10 did not have binge day data during the study and 3 did not have baseline data. For the 10 remaining subjects, there was a mean change from Baseline to Week 11 to 12 in the number of binge days per week of -2.43 and -0.26 in the SPD489 and placebo groups, respectively.
Evaluator’s comments: Due to the issues at the German sites with data integrity, no conclusions can be drawn.
In Studies SPD489-343 and 344, there was a reduction in number of binge days per week in the placebo group but not reduction in body weight, while body weight reduction of 5-6% was seen in the SPD489 groups. Please comment on this apparent disconnect in the data and the lack of effect on weight in the placebo group.
Sponsor’s response: The sponsor provided discussion the background of the BED psychiatric disorder. It was quoted that approximately 70% of the BED patients have a BMI over 30 kg/m2. (Grucza et al, 2007). It was proposed that ‘BED may represent a reward deficiency syndrome with deficient tonic DA signalling promoting binge eating behaviour’. An explanation on the proposed mechanism of action of SPD489 in BED was given as ‘an increase the release of dopamine (DA) and norepinephrine (NE) into the extra neuronal space by blocking the reuptake of norepinephrine (NE) and dopamine (DA) into the pre-synaptic neuronal space’. The decreased appetite and decreased weight are known effects of stimulants. The sponsor stated also that as results reported mean effects not all subjects on SPD489 had a decrease in weight and some placebo treated subjects did have weight decrease.
Evaluator’s comments: It is likely that the weight loss is due to the stimulant action of SPD489 rather than a reduction in binge eating.
The demographic pattern of BED in Australia does not appear well defined. Please comment on the applicability of the BED clinical trial population (which was largely from the US), in relation to demographics and disease characteristics, to the targeted one in Australia.
Sponsor’s response: The sponsor believes the demographic pattern of subjects included in the clinical trials supporting the registration of Vyvanse in the treatment of BED is applicable to the targeted one in Australia. From the South Australian Health Omnibus Survey (2008/2009) it was quoted that 57% of BED patients were female with a mean age of 39.7 years (Hay 2008, Hay 2015). While in the clinical trials the proportion of females was higher (> 80%), the mean age was similar to this SA data (approximately 38 years). The sponsor has not come across data published in the medical literature indicating the psychopathology of BED is different in the Australian population.
Evaluator’s comments: As there are limited data on the Australian BED population, comparison to the clinical trial population is difficult. It is accepted that the US clinical trial data should be applicable to the Australian clinical setting.
At baseline, binge days per week were collected over a 2 week period, however at study end it appears the number of binge days was collected over a one week period. Please confirm the period over which primary efficacy endpoint data were collected at study end. If this period was one week, please comment on whether the 7 days were sufficient given a potential for data variability.
Sponsor’s response: In Study SPD489-343 most subjects had binge diary data for 14 days or more at Visit 8 (Weeks 11 and 12) (79.3% and 75.2% in the SPD489 and placebo groups, respectively) (Table 26 below).
Table 26: Study SPD489-343: Distribution of complete or partial binge diary days missing at Visit 8 (Weeks 11 and 12) (Full Analysis Set)
[image: ]
In Study SPD489-344, over 71% of subjects had binge diary data for over 14 days at Visit 8 (Table 27 below).
Table 27: Study SPD489-344: Distribution of complete or partial binge diary days missing at Visit 8 (Weeks 11 and 12) (Full Analysis Set)
[image: ]
The sponsor explained that the binge days per week was defined for both Studies SDP489-343 and SDP489-344 as a weighted average, that is, binge days per week for a 2 consecutive weeks is the number of binge days multiplied by 7 and divided by the number of days in the period with diaries confirmed by the clinical interview. It was then stated that number of binge days that was collected over a 1 week period can be regarded as an imputation for partial missing data. Sensitivity analyses of the primary efficacy endpoint were conducted and found that the results were consistent.
Evaluator’s comments: The data provided confirmed that in the two studies 71% to 79% of subjects had binge data from at least 14 days at the final study visit.
Given the relative effect on weight loss of SPD489 over placebo, it would appear efficacy in BED is likely related to the appetite suppressive effects of the product. Please discuss.
Sponsor’s response: This question was answered in the response to Question 7. Although SPD489 is not indicated for weight loss, a well-known general class effect of stimulants is to increase metabolism thereby causing weight loss as a ‘side effect’. Another well-known class aspect of stimulants is suppressive appetite effects; however, these are not thought to be significant to the mechanism of drug action in controlling binge eating disorder.
Evaluator’s comments: The sponsor acknowledges the increased metabolism, appetite suppression and weight loss effects of SPD489. While it is proposed that the mechanism of action in BED is not via these effects, this has not been confirmed.
Are there any efficacy data in BED subjects who have failed psychotherapy? If not, is development in this group planned?
Sponsor’s response: Due to clinical trial exclusion criteria over 95% of the subjects in both treatment groups in both studies were not currently receiving or had not received past psychotherapy for BED. The sponsor stated that many patients do not respond to psychotherapy and that its availability is limited. Overall, the available information on outcomes for therapy is inadequate, and no standard therapy has been identified for the treatment of BED. In the context of the above, the sponsor has no immediate plans to investigate the efficacy of Vyvanse specifically in BED subjects who have failed psychotherapy.
It was concluded that it is well recognized that BED is a complex psychiatric disorder and that Vyvanse should be used as part of a comprehensive treatment program which usually includes psychological, educational, and social therapy.
Evaluator’s comments: There are no plans to examine the efficacy of the product in patients who have failed psychotherapy.
[bookmark: _Toc476306847][bookmark: _Toc518999905]Safety
8. In the short term controlled studies, there was little change in urinalysis results, however the rate of PCI leukocyte esterase was higher with SPD489 (12.0% versus 6.8%) as was urinary protein (4.9% versus 2.9%). Please comment on these findings.
Sponsor’s response: The sponsor examined the pharmacovigilance database through to 9 January 2017 and found 18 cases of UTI and 2 of urinary protein present. Of the UTI cases, 14 had insufficient information for causality assessment, in 3 cases the Vyvanse was continued and in one a positive de-challenge was reported but the case was poorly documented. In the 2 case of urinary protein, one was related to hydration levels and the other had insufficient information. No safety signals were identified from a review of the literature.
Evaluator’s comments: Urinalysis finding from the studies have not been confirmed from examination of the pharmacovigilance database although a lack of data in many of these cases makes drawing conclusions difficult. As the urinalysis findings were not associated with TEAEs, they are unlikely to be of significant clinical relevance.
It was stated in the Summary of Clinical Safety that information concerning overdoses in the BED clinical development program has been submitted in the Abuse Dependence Liability Assessment Report in Module 5.3.5.4. This report could not be located in the dossier. Has this report been previously evaluated? If not, please submit it together with appropriate summary and commentary on these risks in the BED population.
Sponsor’s response: The abuse liability report, which was inadvertently omitted from 5.3.5.4. of the Australian dossier, is enclosed with this response.
The sponsor had added to Module 5, section 5.3.5.4 a reported entitled Nonmedical use and diversion of prescription stimulants: evidence from utilization patterns and post-marketing surveillance in the United States (December 18. 2013).
The included report was stated to supplement the Abuse Liability Assessment Report of SPD489 (dated 9 November 2011). The report collated post-marketing surveillance data on trends in real world nonmedical use and diversion of amfetamine and methylphenidate based products, including Vyvanse and Concerta. It was concluded that evidence from the proprietary data sources indicate that rates of nonmedical use and diversion of prescription stimulants among children and adolescents is lower than nonmedical use of opioids when looking at population and at a product availability based data. There was a similar finding for adults.
The report concluded that at this time, there is no evidence to suggest that LDX will alter patterns or rates of nonmedical use of prescription stimulants in Europe, or emerge as a major drug abuse problem in its own right.
A report Drug utilisation study for Vyvanse in Australia dated 26 January 2017 was also included in the dossier and the findings indicate that Vyvanse is prescribed mainly within the label, that is, to the indicated age group and without exceeding the recommended dosage.
Evaluator’s comments: The report included was different to the one referred to in the dossier. Data presented related to the use of Vyvanse in the ADHD population and in the US non-medical usage rates were reported to be less of an issue than that associated with opioids. There was no information on the risk of non-medical use in the BED population and this risk will need to be monitored.
Given the death of an infant with congenital anomalies who had been exposed to SPD489 in utero during a BED clinical trial, please provide any further data (clinical and post marketing) on pregnancies and foetal outcomes across both ADHD and BED indications.
Sponsor’s response: A review of the literature was conducted. Findings included: an increase in ADHD medication use during pregnancy (1998 to 2013) (Louik et al 2015); no increased risk of congenital abnormalities in a large cohort study of 50,282 pregnancies of at least 5 months duration (Golub 2005, Humphreys 2007); and an association between psychostimulant use and hypertensive disorders of pregnancy (Newport 2016).
A review of the sponsor’s pharmacovigilance database identified 153 cases (50 from clinical trials and 103 spontaneous reports) with terms including exposure during pregnancy. Of the 153 cases, 53 cases had associated adverse events (25 from clinical trials and 28 from post marketing data). From the clinical trials, the case of the infant with the congenital anomalies of exomphalos, diaphragmatic hernia and limb malformation was discussed. It was proposed that the infant had a genetic syndrome rather than sequelae of a drug reaction. There were no other cases of note.
Of the 28 cases from post marketing data, there were 5 with congenital anomalies. These included: a newborn with high arched palate, congenital ankyloglossia and craniosynostosis; an unspecified congenital anomaly; polydactyly; triploidy consisting of a 69 XXY karyotype and subsequent selective abortion; and deep sacral skin dimple. There were also 4 cases of first trimester spontaneous abortions and one foetal death at Week 34 from uterine infarctions. The sponsor concluded that taking into consideration all of the reported congenital anomalies and pregnancy related adverse events in post-marketing experience, no patterns can be identified.
Evaluator’s comments: The evaluator agrees with the sponsor’s conclusion. The overall lack of safety data in pregnant women and the potential increased exposure in the BED population mean that the risk should continue to be monitored through routine pharmacovigilance.
There were 4 cases of cholecystitis reported in the clinical program. It is acknowledged that the BED population is typically obese females and so may be at risk of gall bladder disease; nonetheless please discuss this possible safety signal. In addition, discuss why the risk has not been included in the PI or RMP.
Sponsor’s response: A review of the integrated clinical trial database for all SPD489 studies to a cut-off of 30 April 2014 was undertaken for TEAEs related to cholecystitis. The rates of cholecystitis were as follows: ADHD Phase II-IV studies: no cases; ADHD open label studies: 0.3%; BED Phase II-III studies: 0.2% SPD489 (no cases with placebo); BED open label studies: 0.8%; and MDD Phase II-III studies: 0.2% SPD489 and 0.1% placebo or run in medication.
Post-marketing data to 3 January 2017 identified 12 cases (9 clinical trial and 3 spontaneous reports). There was one case of acalculous cholecystitis in a 45 year old female on Vyvanse for ADHD with positive de-challenge and rechallenge data. The sponsor stated that an updated literature review through 25 January 2017 identified no case reports of cholecystitis specifically associated with LDX exposure.
The sponsor concluded that cholecystitis has not been included in the PI or RMP, because, based upon an internal review conducted by the sponsor in 2014 assessing this issue, it was not considered to represent a risk for Vyvanse.
Evaluator’s comments: The data presented do not indicate a significantly increased risk of cholecystitis with SDP489. However, given the BED population may be more prone to cholecystitis through factors such as age and obesity, the evaluator believes it would be prudent to monitor the risk until a larger cohort has been exposed.
There were 2 SAEs of syncope in subjects treated with SPD489, both of which led to treatment discontinuation. Please comment on this risk and whether further information and precaution should be included in the PI and CMI.
Sponsor’s response: There were 3 serious events of syncope with LDX in the ADHD and BED clinical studies. The incidence of syncope in the Phase II to IV studies was 0.2% in the LDX and also in the placebo groups. In the pharmacovigilance database to January 2017, there were 138 cases (115 spontaneous and 23 from clinical trials) with 55 cases having confounding medical history or medication. A further 47 cases did not have sufficient information. Ten cases had a positive de-challenge reported. The sponsor reported a spontaneous reporting rate of 1.6 per 100,000 person years which was stated to be lower than the population incidence rate of syncope. It was also stated that there is a lack of a biological mechanism.
Evaluator’s comments: The risk of syncope is stated in the RMP under Important Potential Risks. Given the serious nature of 2 cases and that they led to treatment discontinuation, syncope should be included in the PI at a minimum in the listings of adverse drug reactions and monitored during post marketing surveillance.
Please discuss what is known about the risk of off label use of Vyvanse for weight loss, particularly since registration in the US, and how it is proposed to manage this risk.
Sponsor’s response: A cumulative review was conducted of all Vyvanse cases through 25 January 2017 which included a weight loss indication. There were 32 cases identified in an approximate 7 million patient-years of exposure. It is proposed to include BED in the Drug Utilisation Study for Vyvanse in Australia to monitor off label use for weight loss. In addition, the product information will be updated to state that Vyvanse is not indicated for weight loss.
Evaluator’s comments: To date the risk of off label use for weight loss does not appear high, although the risk may become more apparent when the product is marketed for BED. Inclusion of BED in the utilisation study and the change to the indication are appropriate measures. The requirement for prescribing and management by specialists should also assist in countering off label use.
[bookmark: _Toc518999906]Second round benefit-risk assessment
[bookmark: _Toc272414709][bookmark: _Toc290888575][bookmark: _Toc416353792][bookmark: _Toc421005334][bookmark: _Toc432079207][bookmark: _Toc432080780][bookmark: _Toc476306851][bookmark: _Toc518999907]Second round assessment of benefits
After consideration of the responses to clinical questions, the benefits of lisdexamfetamine in the proposed usage are unchanged from those identified in the First round assessment of benefits.
[bookmark: _Toc272414710][bookmark: _Toc290888576][bookmark: _Toc416353793][bookmark: _Toc421005335][bookmark: _Toc432079208][bookmark: _Toc432080781][bookmark: _Toc476306852][bookmark: _Toc518999908]Second round assessment of risks
After consideration of the responses to clinical questions, the risks of lisdexamfetamine in the proposed usage are unchanged from those identified in the First round assessment of risks.
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In response to the first round evaluation, the sponsor has altered the indication. As recommended, the indication now states that treatment should be limited to adults with moderate to severe BED. In addition, warnings that treatment is not for weight loss and the risk of serious cardiovascular events have been added. The need for a comprehensive treatment program has also been added. These are all appropriate changes.
After the first round evaluation, it was recommended that treatment with lisdexamfetamine for BED should a second line option. This was due to the inherent risks of the product to the patient and the community as well as treatment guideline recommendations. The Royal Australian and New Zealand College of Psychiatrists Clinical practice guidelines for the treatment of eating disorders (Hay P et al. 2014) clearly state that the ‘first-line treatment for bulimia nervosa and binge eating disorder in adults is an individual psychological therapy’. The evaluator notes that the efficacy data on lisdexamfetamine used as first line therapy from the clinical development program is positive, that head to head comparisons of pharmacotherapy and psychotherapy are lacking, and that the guidelines may have been published prior to the availability of lisdexamfetamine in the US as a treatment for BED. Nonetheless, the recommended prudent course of action is to use the product in those who have had a limited or unsuccessful response to psychotherapy or in those for whom psychotherapy options are not available. In all situations pharmacological treatment should remain just one component of therapy and this has been addressed in the revised indication. It is noted that there are some recommended changes to the proposed wording for this.
After the first round evaluation, it was also recommended to limit treatment duration to 12 weeks. The sponsor however states that treatment duration would be best left to physician discretion. The evaluator maintains, given the lack of longer term efficacy data, the positive findings after 12 weeks treatment, the lack of cardiovascular outcome data and the inherent risks of the amphetamine based product that treatment duration should still be for a maximum of 12 weeks.
The sponsor has agreed to manage and monitor the risk of off label use for weight loss by having the product available only through specialists, by including label warnings and by including BED in the Drug Utilisation Study. As BED treatment is recommended for a maximum of 12 weeks, it is appropriate for specialists to not only initiate but also manage therapy.
Other changes to the PI and CMI and questions in Section 12 have been satisfactorily addressed. The PI still needs to include the risks of peripheral vasculopathy and syncope and the RMP should monitor cholecystitis, syncope and pregnancy exposure.
As previously stated, there should be tight controls on the availability of the drug.
In summary, there are still two main issues which need to be addressed. Firstly the recommendation that treatment duration should be limited to 12 weeks. Secondly, that lisdexamfetamine use in BED should be only for those patients who have had unsatisfactory response to psychotherapy or who have limited access to psychotherapy. Pharmacological therapy should always be part of an integrated, multipronged treatment strategy. Until these issues are resolved, the evaluator concludes that, under the proposed usage, the benefit-risk balance is negative.
[bookmark: _Toc518999910]Second round recommendation regarding authorisation
It is not recommended to approve Vyvanse (lisdexamfetamine) for the following revised indication:
Binge Eating Disorder (BED):
Vyvanse is indicated for the treatment of moderate to severe BED in adults. Treatment should be commenced by a specialist.
Need for comprehensive treatment programme: Vyvanse is indicated as an integral part of a total treatment program for BED that may include other measures (nutritional, psychological, and medical) for patients with this syndrome. When remedial measures including psychotherapy are insufficient, the decision to prescribe stimulant medication will depend upon the physician’s assessment of the chronicity and severity of the patient’s symptoms.
Limitation of Use: Vyvanse is not indicated or recommended for weight loss. Use of other sympathomimetic drugs for weight loss has been associated with serious cardiovascular adverse events. The safety and effectiveness of Vyvanse for the treatment of obesity have not been established.
The reasons for this are as follows:
Due to inherent product risks and guideline recommendations that advocate psychotherapy as the first line treatment option for BED, Vyvanse treatment should be used as second line therapy after an unsatisfactory response to psychotherapy. It is recommended that it is used as first line therapy only in those who do not have access to psychotherapy.
In the absence of further longer term efficacy, safety and cardiovascular outcome data, treatment duration for BED should be limited to a maximum of 12 weeks.
There remain some changes to the PI and CMI which need to be addressed.
Should the sponsor implement the recommended change to the indication regarding second line use, limit the treatment duration to 12 weeks, and satisfactorily address the further comments on the draft PI and CMI (in Section 17.1 and 17.2) then Vyvanse (lisdexamfetamine) could be approved. The proposed modified indication is:
Binge Eating Disorder (BED)
Vyvanse is indicated for the treatment of moderate to severe BED in adults when psychotherapy is unsuccessful or unavailable. Treatment should be commenced and managed by a specialist.
Need for comprehensive treatment programme: Vyvanse is indicated as one part of a total treatment program for BED that may include other measures (nutritional, psychological, and medical) for patients with this syndrome. When remedial measures including psychotherapy are insufficient, the decision to prescribe stimulant medication will depend upon the physician’s assessment of the chronicity and severity of the patient’s symptoms.
Limitation of Use: Vyvanse is not indicated or recommended for weight loss. Use of other sympathomimetic drugs for weight loss has been associated with serious cardiovascular adverse events. The safety and effectiveness of Vyvanse for the treatment of obesity have not been established.
There are no changes to the recommendations relating to the ADHD indication as stated in Section 10 and changes to the PI in relation to this are satisfactory.
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Placebo SPD489 Total
n (%) n (%) n (%)
[Screened Set 642
[Randomized Set 191 192 383
Safety Analysis Set™® 187 (97.9) 192 (100) 379 (99.0)
Full Analysis Set® 184 (963) 190 (99.0) 374 (97.7)
Completed Follow-up Visit 162 (84.8) 172 (89.6) 334 (872)
Completed Study 157 (82.2) 158 (823) 315 (822)
Completer Set* 157 (82.2) 158 (823) 315 (822)
Did Not Complete Study 34 (17.8) 34 17.7) 68 (17.8)
‘Primary Reason for Discontinuation
Withdrawal by Subject 14 (73) 12 (63) 26 (6.8)
Adverse Event 5 26 12 (63) 17 (44
Lost to Follow-up 8 (42) 316 1 @29
Protocol Violation 4 @D 2 (1.0 6 (1.6)
Lack of Efficacy 105 0 1.03)
Other Reasons 2 (1.0 5 26 7.8

*The Safety Analysis Set includes all randomized subjects who took at least 1 dose of investigational product and who had at
least 1 follow-up safety assessment completed.

®Four placebo subjects were excluded from the Safety Analysis Set. Of these 4 subjects. 2 were lost to follow-up prior to
receiving investigational product (055-3002 and 803-3008) and 2 were withdrawn due to a protocol violation
(mis-randomization) prior to receiving investigational product (064-3004 and 072-3006).

©The Full Analysis Set includes all subjects in the Randomized Set who took at least 1 dose of investigational product and
who had 1 post-bascline primary efficacy assessment.

#The Completer Set includes all subjects in the Full Analysis Set who completed the Visit 8 (Week 12) assessments.

Note: All proportions are based on the Randomized Set.

Note: Primary reasons for withdrawal are presented by decreasing frequency based on the SPD489 group.





image6.png
Not dosed (x=4)
Site 015 (2=6)

90)

Placebo @=195) | | SPD459 (w195

SR 2
Safety Analysis Set @=366)

Al randomized subjects who took atleast 1 dose of
investigational product and had at east 1 followp
afety ssesement. Subjects fom Site 015 were

Not dosed (175)

Site 015 (@=5)
No follow-up safety (n=1)

S0 S0
s SPD489 (@=181) N padis
Senstvey Satey Analyss Set
Al bt e Sty Al St with e
poserape; e
o poshaselneprmey Nopostbmeline
ifcacy assesunent Placebo u=175) | [ SPD489 (u=177) ol effacy assesument |
(@ (@®@=3)
Full AualyssSet @u=350)
e
ot syt
iy st S o St 013 1079
==
i not complete Dot complete
@38 Placebo @=176) | | SPD4SI (@=174) N @29)

|

Completer Set (a=287)
AL subjects in the Full Analys Set who completed the
Vst (Week 12) asessments.

Placebo (@=142) | | SPD489 (w=145





image7.png
Placebo SPD489 Total
n (%) n (%) n (%)
[Screened Set 700
Randomized Set 195 195 390
Safety Analysis Set* ™ 185 (94.9) 181 (928) 366 (93.8)
Seasitivity Safety Analysis Set® 178 (91.3) 177 (90.8) 355 (91.0)
‘Full Analysis Set*© 176 (90.3) 174 (89.2) 350 (89.7)
Completed Follow-up Visit 153 (78.5) 160 (82.1) 313 (803)
Completed Study 147 (75.4) 147 (754) 294 (754)
Completer Set®* 142 (728) 145 (744) 287 (13.6)
Did Not Complete Study 48 (246) 48 (246) 9 (246)
‘Primary Reason for Discontinuation
Lost to Follow-up 18 02 15 (7 33 @9
‘Withdrawal by Subject 7 (3.6) 13 (67 20 (5.1)
Adverse Event 5 Q6 766 12 @31
Protocol Violation 4 Q1 2 (10) 6 (15)
Lack of Efficacy 105 0 1.03)
Other Reasons' 13 (67) 11 (56) 24 (62)

" The Safety Analysis Set includes all randomized subjects who took at least 1 dose of investigational product and who had at
least 1 follow-up safety assessment completed.

All subjects enrolled at Site 015 (11 subjects) were excluded fom the Safety Analysis Set.

In addition to the 11 subjects from Site 015 who were excluded from the Safety Analysis Set. 12 subjects had ot been

treated and 1 subject (SPD4SS) had been treated but did not have any safety follow-up assessments.

# The Seasitivity Safety Analysis Set includes all subjects in the Safety Analysis Set, with the exception of 11 subjects fom
Site 079 (the fwelfth subject from Site 079 had already been excluded from the Safety Analysis Set).

‘The Full Analysis Set includes all subjects in the Randomized Set who took at least 1 dose of investigational product and
who had 1 post-baseline primary efficacy assessment

All subjects earolled at Sites 015 (11 subjects) and 079 (12 subjects) were excluded fom the Full Analysis Set.
‘The Completer Set inchudes all subjects in the Full Analysis Set who completed the Visit § (Week 1) assessmeats.

‘Seven subjects (2 from Site 015 and 5 from Site 079) completed the stady. However, because these subjects were excluded
Srom the Full Analysis Set, they were also excluded from the Completer Set.

i Othier primary reasons for withdrawal include discontinuation due to sponsor request, which was reported for § subjects
earolled at Site 015 (SPD489, 5 subjects and placebo, 3 subjects).
Note: All proportions are based on the Randomized Set.

Note: Primary reasons for withdrawal are presented by decreasing frequency based on the SPD489 group.
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Observed | Change from | Observed | Change from
[Visie Value Baseline Value Baseline
[Bazeline*
n 176 174
Mean (SEM) 4820100 466 (0,097
SD 1422 1273
Medizn 450 450
M, Max 20.7.0 20,70
Visit 8 (Weeks 11 and 12)
n 142 142 146 146
Mean (SEM) 257(0191) | -2300.186) | 0.7 (0101) | 386(0.129)
sD 2 1559
Median 200 400
Mm, Max -70.30 00,70 -10,05
Based on MMRM:*
LS Mean (SEM) -2260.137) -3.92(0.135)
Dafference in LS Mean -1.66
95% CI of the Difference in LS Mean -204,-128
Effect: 097
p-value <0.001

* Baseline is the weekly aversge of tie zumber of binge days per week for the 14 days prior o the Baseline Visit (Visit0).

" The LS mean (SEM), the difference in LS mean, the 95% CT of the difference ia LS mean, and the p-vaue were derived
from  MMRM over all post-baseline visis duriag the Double-blind Treatment Phase, with change from baseline in
‘mamber of binge days per week as the outcome variable; treatment group, visit, and their interaction as factors; baseline
‘binge days per week 25  covariate; snd its interaction with vist lso in the model. The difference in LS means is
calculated a5 SPD48 (-) Placebo. The model-basad effect size was defiaed as the ifference ia LS mesns t Visit §
(Weeks 11 2ad 12) dividd by the estimated standard deviation of the change from baseline at Visit 8 (Weeks 11 aad 12)

Cl=confidence interval; LS=least squires; MMRM=mmixed-effects model for repested measures; SD=standard deviation;

‘SEM=standard erro of the mesn





image12.png
LSiean Ghangein ings Ealng Days per ek

oty ey ey WM CVANS3 4rd0)  (NeseT an0S) CWaslSD and 10) QWi 11 and 12]

vist

Teatmert Srup: F <= 5 Plasste 9——8 5Poasa

et T3 1112143112





image13.png
1
Overs 258 - :
us @) —_ :

NoneUS (v=16) e ——— R
g e oean) . :
5 ramae [ ;
@y —_— |
wn i
e a4 '
s 21 —_— :
1
Non-White (1=73) F———— - P -4 !

T T T T T T T T t T

a 2 1 o

Difference in Change from Bassine to Vist § (Wesks 11 and 12) in Binge Days per Week

Refarence line efarsto no diference bebwan SPDED and Placebo in change fiom baseline number of bings days per week
Negative improvement ndicates more improvement flom baseline for SPD4S3 than placebo.

Refarence: Tables3.1.11 and 3126312

Program: f_a-fehg.sas, Dutput: a-fohg.ff, Generated on: 27NOVZ013 06:45

Page 10f 1





image14.png
Overal
us

NonUs.

Make

Female

Ages <40 (years)

‘Ages >=40 (years)

White

Non-White

Hispanic

NonHispanic:

Obese (>=30kgim™2)
Non-obese (<30kgim2)
Baseine Binge Days (Moderate)

Saseine Binge Days (Severe) [

30 25 20 s a0 05 00 05
LS Mean Dference in Change rom Baseline at Week 11112 n the Number of Bing Days per Week

Cl=confidence interval: LS=least squares; US=United States
Note: A 95% CT that falls left of 0 indicates a greater mean improvement for SPD489 subjects compared to placebo subjects. A
95% CI that crosses zero indicates similarity between treatment groups.




image15.png
[Visie SPD48 SPD4SO SPD4S9
Endpoint Type Placebo 30mg S0mg 70mg
Mean Change From Baseline (N=65) (N=68) N=67) (N=66)
fisit 1 (Week 1)
LS Mean (SE) 034 (0.071) -0.68 (0.070) -0.76 (0.070) -0.75 (0.071)
95% Confidence Interval (-0.48,-0.20) (082, -055) (-0.90.-0.62) (-0.89,-0.61)
Comparison vs. Placebo®
Difference in LS Means (SE) -0.341 (0.1000) | -0.415 (0.1005) | -0.409 (0.1007)
95% Confidence Interval (-0.538,-0.144) | (-0.613,-0217) | (-0.607,-0211)
fisit 3 (Week 3)
LS Mean (SE) -0.69 (0.077) -0.91 (0.076) -1.09 (0.076) -124(0.076)
95% Confidence Interval (-084,-053) (-1.06, -0.76) (-124.-094) (-139,-1.09)
Comparison vs. Placebo®
Difference in LS Means (SE) -0.220(0.1085) | -0.404 (0.1084) | -0.551 (0.1086)
95% Confidence Interval (-0.434,-0.006) | (-0.618,-0.191) | (-0.765,-0337)
/isit 8 (Week 11)
LS Mean (SE) -1.17 (0.068) -1.26 (0.066) -1.50 (0.065) -1.58 (0.066)
95% Confidence Interval (-130,-1.049) (-139,-113) (-163,-137) (-1.71,-145)
Comparison vs. Placebo®
Difference in LS Means (SE) -0.090 (0.0950) | -0.328 (0.0944) | -0.409 (0.0946)
95% Confidence Interval (0277,0098) | (-0.514,-0.142) | (-0.595,-0223)
p-value 03470 0.0006 <0.0001
‘Negative estmates indicate numenic superionty of the active treatment group.

Note:  Statistics are from a mixed-effects model for repeated measures (MMRM) that includes fixed factors for treatment and
visit,the interaction of treatment and visit, 2 covanate of log (baseline number of binge days per week +1) and the

interaction of the baseline covariate and visit. The response variable is the change from baseline in log (mumber of

binge days per week +1).
LS=least square
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SPD4s9 SPD489 SPD4s9
Placebo 30mg. S0mg 70mg.
(N=63) (N=68) (N=67) (N=66)
Change Change Change Change
Acal | From | Actwal | From | Actwal | From | Acmal | From
st Value | Baseline | Value | Baseline | Value | Baseline | Value | Baseline
s Per Week
[Baseline (Day 0)°
a 6 68 67 66
Mean(SD)  [433(1354) NA  [457(.49) NA  [458(1266) NA  [450(1256) NA
Median 400 400 400 400
Visit 8 (Week 11)
a 50 50 53 53 55 55 55 55
Mean (SD) 113 (1.557)[:3.17 (2.153){0.89 (1.489)|.3.60 (1.860)0.31 (0.695)|-4.23 (1.437){0.11 (0.397){-4.36 (1.192
Median 000 300 000 300 000 400 000 400
[Week TVET
a 65 65 68 68 6 61 66 3
Mean (SD) 1.21 (1.576)|-3.12 (2.093){1.02 (1.672)[-3.56 (1.970) 0.41 (0.846)[4.17 (1.512)|0.44 (1.223)[-4.06 (1.548)
Median 000 3.00 000 300 000 400 000 400
pvalue 03645 00082 00010

“The aumber of binge days per week is based on visit window and proportionally scaled fo 7 days.
® Baseline includes the number of binge days during the 7 days prior to the baseline visit.
€ P-values were generated based on a Cochran-Mantel-Haenszel (CMH) test with modified rdit score adiustiag for baseline
‘binge days per week as a coviarate. Comparisons are SPD489 treatment group vs placebo.

‘NA=not applicable





image17.png
Double-blind

< Openvlabel e
Treatment Phase Randomized-withdrawal Phase
Dose-maintenance Follow-up
Phase
1 —— ————————
v v VoV Vit vz Vil v ws e wrovie vis vio Vs
| o R e P e F———
W e wie we Wis w0 v wie wie wis wio wz we wie wie
scteing P
et
o~
opinze 9048 ose s o
= = svorrona .
iron Sl
b
>

SPDASS
Soor7omg

SPD4BS SPDAED
Somg Samg




image18.png
0 ot complats OL phase (1-113)
+ Adwrse Events (4-22)
Protocl vloton (i
Vithawal by suct (Ve23)
Lost ololowop (Ne20)
e mact Randomizston citsda (i+48)

Bandormized (Comploted OL Phace) (N-275)
‘Campleed Week 12 bu nt andomized (N<53)

Salory Analyss Sat (N=134) Randomized Safoty Analysis Sot (1=136)





image19.png
Phacebo SPDas9 Toul
0 ) 0t n ()
Screenci et 5
Enrolled sef 18 (100)
‘Enrolled Not Treated 7an
Safery Analysis et 411 83)
Openiabel Phase
Earolled Ser” 18 (100)
Completed OL Phase 275 658)
Did Not Complete OL Phase. 143 (42)
Primary Reason for Withdrawal from Study
e 0 meet randomiztion rteria saLs)
withdraal by subject 29 69)
advers eveat 263
ot o fllow-up 20 48
protocol violtion 1024
other reason 1403
‘Rondonized-withdrawal Phase
Randomized Set” 13800 | 137000 | 275 100)
Completed RW Phase s0G62) | 102049 | 152053
Did Not Complete RW Phsse: 5865 s | 1@
Primary Reason for Withdrawal from Study
withdrawal by subject 25080 969 14029
lost o fllow-up 1304 e 19 (69)
adverse eveat o 6 @4 62
selpse critria met 40030) 560 45064)
protocol violtion 17 209 sy
other rezson 9635 760 16 63)
Completd Follow-up Visit wsg6s) | mamsy | 20600

OL = open abel RW = randomized withdrawal
Note: - Percentages durin the open-label phase are based o the Envolled Set. Percenages durig the randonized.

witdrawal phase are basd on the Randonized Set.

Note:  Prnary reasons for withdrawal (excluding ofher reasons) during the randomized-withdrawal phase e

presented by decreasing frequency based o the SPDAS0 grovp.
The Enroled St consisted ofsubjects whosigned informed consent and were ispensed nvestgationalproduct.
The Safety Analyss Setconsisted of subjcts who took 3t least 1 dose of SPDASO in the open-bel psse and
badatleast | postbaseline safety assesment.

Of the 143 subjects Who G not complee the openabel phase, 53 subjects seached Visi § but then
discontiouedOfthese 33 subjects, 46 subjecs were not rapdomized du 10 ot meeting randomizaion citera
204 7 subjcts were discontinued fr reasons other than not meetng randomizaton crteia (3 subjects due fo
adverse vents, 2 sbjects due to withdsawal by subjec, 1 subjct due f lstfo follow-up, 20d 1 subject due 1o
‘amothr reason) An additional 2 subjects Who did not et andomizaton criteria did ot reach Visit .

‘Three subjects were withdrawn due fo pregaancy. Subject 099-6002 was withdrawn duing the open-bel phase
204 Subjects 046-6003 (SPDASD) and 0836001 (SPDSO) wese wthdsawn durng the randomized-withdrawal
phase; see Section $5.2 for fther information onthese hree subjets.

“The Randomized Set conssted of subjects who were randomized. To be eligibe fo randomization, subjects
b conpleted the open-abel phsse must have met both citera for sesponder (ie, bad <1 binge day per week
o the 4 consecutve weeks prior 10 the double-bind randomized-withdkawl baseline visit and had a CGLS
score of 2) All 275 subjects who completed e open-abel pase me these citra fo respose.

Six SPDAS9 subjects were disontiaued from dosing and fom study due fo adverse events. A seventh SPDISO
subject(083-6001) was iscontioved from dosing due 0 2n advere eveat bu 2ot recorded 2 being discontioved
o the sty dve o this event. See Section 5.2 for frtherdetal egarding this subject





image20.png
100

80

o

80

50

W

0

Projorton of Stbjects win Relapse (%

2

0

Sarmin Som

il
=13

Placebo
- - - SPD8S.

Treatment Croups

[

1 0 ) 6 i % 05 120 1% 10 s 180 199 210
Days Post Randomization

1w e o 7 0 o 0 ) & 5 o “

B L L N 4

mils prsercd onite it e st censred uiocs

el o . AR s, G on 0JULZ015 0410

Page 1011

Note: Time to relapse is based on date of randomization.




image21.png
100
Troatment Groups and Placebo, Yes
w|  dwesk Cessation Status:  — - — Plaoebo, No
— — sPba8d, Yes
z — -sn
£ w SPDABO, No
[
H
£ w
£
fow
3w
3
g ® - .
g iom = mmm e = e
g -
i ==’
10 ’
o
o 1 % e @ B s W w s 1m0 s w0 s 210
Daye Post andomzaton
T S Y
2 @ % x w zm w® . 7 & & 18 o o
© s m w mwm w w1 w  m & & 4 0
o ®© & s w4 9w @& & a4 a0 o

‘Symos presented o th ploted ine represent censored subjects
Cross oference: Tatle 3.1.1

Program- oms sas, Oulp._kms-2.f, Generated on: 10,UL2015 04:10
Page 1011

Note: Time to relapse is based on date of randomization.




image22.png
Placebo SPD189 OROS-MPH
(=89 (N=179) (N=184)
Change Change Change
Observed | from | Observed | from | Observed | from
Value | Baseline | Value | Baseline | Value | Baseline
30 17 184
382073) 366 (048) 378045
691 636 606
370 360 370
28,54 2853 2853
2 67 67 130 139 152 152
‘Based on MMRM:*
LS Mean (SE) 240(119) | 134 (119) | 118 (082) |-25.6(0.82)| 13.8 (0.80) | 235 (0.80)
SPD489 vs OROS-MPH
Difference in LS Mean (SE) 21115)
95% CI of the Difference in LS Mean 43.02
pvalue 00717
‘Effect Size” 020
‘Active vs Placebo
Difference in LS Mean (SE) 122(145) -101(143)
95% CI of the Difference in LS Mean 151,94 -130.73
pvalue <0.0001 <0.0001
‘Effect Size® 116 097

‘The LS mean, the difference in LS mean, the 95% C1 of the difference in LS mean. and the p-value are from a mixed

effects model for repeated measures that incudes treatment group, nominal visit,interaction of the treatment group with
the visit as factors, baseline ADHD-RS-IV Total Score as a covariate, and an adjustment for the interaction of the baseline
ADHD-RS-IV Total Score with the visit. The model is based on a REML method of estimation and utilizes an

unstructured covariance type.

‘matrix.

‘The effect size is the difference in LS mean divided by the estimated standard deviation from the unstructured covariance

ADHD-RS-IV-Attention-deficit/Hyperactivity Disorder Rating Scale IV CI~confidence interval; LS-least squares;
MMRM-mixed-effects model for repeated measures: MPH-methylphenidate; OROS—osmotic controlled oral release delivery
system: SD=standard deviation; SE=standard error of the mean
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Placebo SPD489 OROS-MPH
(N=106) =210)
Change Change
Observed | from | Observed | from | Observed | from
visit Value | Baseline | Value | Baseline | Value | Baseline
[Baseline
2 106 210 216
Mean (SE) 361(058) 373044 370044
sD 590 644 640
Median 350 360 360
Min, Max 28,52 28,54 23,53
Visit 6 (Week 6)
2 03 03 175 175 181 181
‘Based on MMRM:*
LS Mean (SEM) 10.9.(1.03) [-17.0 (103)| 114 (0.74) [-254 (0.74)| 147 (0.73) | 221 0.73)
SPD489 vs OROS-MPH
Difference in LS Mean (SE) 34009
95% CI of the Difference in LS Mean 5413
pvalue 00013
‘Effect Size® 033
Active vs Placebo
Difference in LS Mean (SE) 85027 5.1027)
95% CI of the Difference in LS Mean 110,60 76,26
pvalue <0.0001 <0.0001
‘Effect Size® 082 050

¥ The LS mean, the difference in LS mean. the 95% CI of the difference in LS mean. and the p-value are from a mixed.
effects model for repeated measures that includes treatment group, visi. interaction of the treatment group with the visit as
factors, baseline ADHD-RS-IV Total Score as a covariate, and an adjustment for the interaction of the baseline ADHD-RS-
IV Total Score with the visit. The model s based on an REML method of estimation and utilizes an unstructured

covariance type.

®  Theeffect size is the difference in LS mean divided by the estimated standard deviation from the unstructured covariance

‘matrix.

ADHD-RS-IV=Attention-deficit/Hyperactivity Disorder Rating Scale-TV: CI~confidence interval: LS=least squares:
MMRM-mixed-effects model for repeated measures: SD—standard deviation: SE=standard error. SEM-standard error of the.
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SPD439-208/

SPD489-208/

3133443480 S
(Safery Analysis Set) | (SPD489 Safety Analysiz Set)

=833 =124
Category n (%) B %)
Any TEAE 737 885) 1080 (86.5)
Serious TEAE. 109 ETe)
TEAE: related to investigational product 630(756) 920(740)
TEAE: leading to dose discontinuation 905 10867
TEAE: considered severe 766 8801
Number of deaths 101 101
TEAE: leading to study discontinuation ) 10181

TEAE=trestment-emergent adverse event

Note:  Subjects were counted ouce per category per Teatment
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Source: Module 5.3.5.3, Table 4.2.13

SOC=system organ class: TEAE=treatment-emergent adverse event

‘Note: Percentages are based on all subjects in the SPD489 safety analysis set
ubjects were counted once per preferred term.
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