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[bookmark: _Toc464567909]

[bookmark: _Toc351716269][bookmark: _Toc351718881][bookmark: _Toc355338616][bookmark: _Toc356306144][bookmark: _Toc464127972][bookmark: _Toc467079885]Common abbreviations
	Abbreviation
	Meaning

	≥
	At or greater than

	≤
	At or lesser than

	QTcI 
	baseline-adjusted, placebo-corrected effect on QTcI

	<
	Less than

	>
	Greater than

	6-MWD 
	6-minute walk distance

	6‑MWT
	6-minute walk test

	ACT-293987 
	selexipag/NS-304

	ACT-333679 
	MRE-269, the active metabolite of selexipag

	ADP 
	adenosine-5’-diphosphate

	ADR
	Adverse drug reaction

	AE
	Adverse event

	ALP
	alkaline phosphatase

	ALT
	alanine aminotransferase

	APTT
	activated partial thromboplastin time

	APTT AUC(0-144h) 
	area under the APTT versus time curve to 144 h post-dose

	APTTmax 
	 the maximum APTT value 

	AST
	Aspartate transaminase

	AUCSS
	area under the curve at steady state (over one dosing interval)

	AUCτ
	area under plasma concentration-time curve during a dose interval

	AUC0–24 h
	area under the plasma concentration-time curve from time of administration until 24 hours post-dose

	bd
	Twice daily

	BCRP 
	breast cancer resistant protein

	BMI 
	body mass index

	BMP
	bone morphogenetic protein

	BMPR
	bone morphogenetic protein receptor

	BP
	Blood pressure

	bpm
	Beats per minute

	BSEP
	bile salt export pump

	cAMP
	cyclic adenosine monophosphate

	CAMPHOR
	Cambridge Pulmonary Hypertension Outcome Review

	CEC
	Critical Event Committee

	CES1 
	carboxylesterase 1

	CHD
	Congenital heart disease

	CHO
	Chinese hamster ovary

	CK
	creatine kinase

	CNS
	central nervous system

	CYP
	cytochrome P450

	CI
	Confidence interval

	Cl 
	clearance

	CL
	Confidence limit

	CLcr 
	creatinine clearance

	CLpop 
	population-typical clearance

	CLr
	renal clearance

	Cmax
	Maximum plasma concentration

	Cmax,ss
	maximum plasma concentration at steady-state

	CrCL 
	creatinine clearance

	CSR
	Clinical Study Report

	CTD
	connective tissue disease

	Ctrough
	plasma concentration at the end of one dose interval

	Ctrough,ss
	plasma concentration at the end of one dose interval at steady-state

	CTx
	carboxy-terminal telopeptide

	CTx
	serum C-telopeptides

	CV 
	coefficient of variation

	CVb
	inter-subject coefficient of variation

	CVw
	Intra-subject coefficient of variation

	DB
	Double-blind

	DBP 
	diastolic blood pressure

	ECG
	electrocardiogram

	eGFR 
	estimated glomerular filtration rate

	EC
	endothelial cell

	EC50
	half-maximal effective concentration

	EMA
	European Medicines Agency

	eNOS
	endothelial nitric oxide synthase

	GD
	gestation day

	GI
	gastrointestinal

	GLP
	Good Laboratory Practice

	HD
	high dose

	hERG
	human ether-à-go-go-related gene

	hPASMC
	human pulmonary artery smooth muscle cells

	EOS
	End-of-study

	EOT
	End-of-treatment

	ERA
	Endothelin receptor antagonist

	EU
	European Union

	FAS
	Full analysis set

	FC
	Functional class

	FDA
	Food and Drug Administration

	Fe% 
	amount of total radioactivity eliminated in the urine over the collection period, expressed as a percentage of the administered dose

	GCP
	Good Clinical Practice

	Hb
	Hb

	HR
	heart rate

	IC50
	half maximal inhibitory concentration

	ICH
	International Conference on Harmonisation

	IL
	interleukin

	IMD
	individual maintenance dose

	IMP
	investigational medicinal product

	IMTD
	individual maximum tolerated dose

	INR AUC0-144h 
	area under the INR versus time curve to 144 h post-dose

	INR
	International normalised ratio

	INRmax
	maximum INR value

	INRtmax
	time taken to achieve the maximum INR value

	IP
	Prostacyclin

	iPAH
	idiopathic PAH

	IV 
	intravenous

	IVRS
	interactive voice response system

	k12, k21, k34, k43
	transfer rate constants (compartment 1 to compartment 2, etc) ka - absorption rate constant

	ke 
	elimination rate constant (selexipag)

	Kel
	terminal elimination rate constant (fractional turnover rate)

	Ki 
	inhibition constant

	Km
	elimination rate constant (metabolite ACT-333679)

	Km
	Michaelis-Menten constant

	kmet 
	metabolism rate constant (from parent to metabolite)

	kt
	transfer rate constant

	L
	Litre

	LB
	lower bound

	LC-MS/MS 
	liquid chromatography with tandem mass spectrometry

	LLOQ 
	Lower limit of quantification

	LOQ
	limit of quantification

	LD
	low dose

	LVEDP
	left ventricular end diastolic pressure

	m
	metre

	MACE
	major adverse cardiovascular events

	MAP
	mean arterial pressure

	MDCKII 
	Madin-Darby canine kidney tubular epithelium type II

	MD
	mid dose

	MRP2
	multidrug resistance-associated protein 2

	MDRD 
	Modification of Diet in Renal Disease

	MED
	minimal erythema dose

	mg
	Milligram

	mL
	Millilitre

	MM
	morbidity/mortality

	mPAP
	mean pulmonary artery pressure

	ms
	millisecond

	MTD
	maximum tolerated dose

	NADPH
	nicotinamide adenine dinucleotide phosphate (reduced)

	NCx 
	serum N-telopeptides

	NO
	nitric oxide

	NOAEL
	no observed adverse effect level

	NOEL
	no observed effect level

	NONMEM
	nonlinear mixed effects modelling (software)

	NS-304 
	selexipag

	NT pro-BNP
	NT pro-brain natriuretic peptide

	NYHA
	New York Heart Association

	NZW
	New Zealand White

	OAS
	ophthalmological sub-study analysis set

	OATP
	organic anion-transporting polypeptide

	OCT
	organic cation transporter

	OL
	Open-label

	OSB
	ophthalmology safety board

	P1NP
	procollagen type 1 N-terminal propeptide

	PAH
	Pulmonary arterial hypertension

	PAP
	pulmonary arterial pressure

	PAT 
	platelet aggregation test

	PCWP
	pulmonary capillary wedge pressure

	PD
	Pharmacodynamics

	PDE-5
	phosphodiesterase-5

	PDE-5i
	PDE-5 inhibitor

	PDGF
	platelet-derived growth factor

	PGE1
	prostaglandin E1

	PGI2
	Prostacyclin

	P-gp
	P-glycoprotein

	PI
	phototoxic index

	PK
	Pharmacokinetics

	PND
	post-natal day

	PO
	per os (oral (gavage))

	PopPK/PD
	population pharmacokinetic(s)/pharmacodynamic(s)

	PPS
	Per-protocol set

	PR
	Pulse rate

	P-selectin 
	platelet-selectin

	PT 
	prothrombin time

	PT AUC0-144h
	area under the PT versus time curve to 144 h post dose

	PT
	Preferred term

	PVR
	pulmonary vascular resistance

	QAS
	Quality of Life analysis set

	QoL
	Quality of Life

	QTc 
	QT interval corrected for heart rate

	QTcB 
	QT interval corrected with Bazett’s formula

	QTcF 
	QT interval corrected with Fridericia’s formula

	QTcI 
	QT interval corrected using the individualised formula

	RBC
	Red blood cell

	RR 
	R-to-R interval

	SC
	Subcutaneous 

	SAE
	serious adverse event

	SAEM
	stochastic approximation expectation maximisation

	SAF
	Safety analysis set

	SAS
	statistical analysis system (software)

	SBP
	Systolic blood pressure

	SC
	Subcutaneous

	SD
	Standard Deviation

	SMC
	smooth muscle cell

	SE
	standard error

	SMQ
	Standardised MedDRA queries

	sOC
	serum osteocalcin

	SOC
	System Organ Class

	SRFI 
	severe renal function impairment

	sTM 
	soluble thrombomodulin

	t1/2 
	terminal elimination half-life

	TEAE
	Treatment emergent adverse event

	TGA
	Therapeutic Goods Administration

	TGF-β
	transforming growth factor beta

	Tlag 
	lag time (absorption)

	Tmax
	time to reach maximum plasma concentration

	Tmax,ss
	time to reach maximum plasma concentration at steady-state

	UB
	upper bound

	UGT
	uridinediphosphate-glucuronosyltransferase

	ULN
	Upper limit normal

	US
	United States 

	UV
	ultraviolet light

	V/F
	apparent volume of distribution (of selexipag)

	Vd
	volume of distribution

	Vm/F
	apparent volume of distribution of the central compartment for the metabolite

	Vp/F 
	apparent volume of distribution of the central compartment for the parent

	versus 
	versus

	Vss 
	volume of distribution at steady-state

	vWF 
	von Willebrand Factor

	WHO
	World Health Organisation

	μg
	µg

	τ 
	dosing interval



1. [bookmark: _Toc464567910][bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc467079886]Introduction
This is a submission to register a new chemical entity, Selexipag.
1.1. [bookmark: _Toc272414596][bookmark: _Toc290888444][bookmark: _Toc436897211][bookmark: _Toc464567911][bookmark: _Toc467079887]Drug class and therapeutic indication
Selexipag is an oral, selective non-prostanoid prostacyclin receptor (IP receptor) agonist. The vasculo-protective effects of prostacyclin (PGI2) are mediated by the IP receptors. Decreased expression of IP receptors and decreased synthesis of prostacyclin are believed to contribute to the pathophysiology of pulmonary arterial hypertension (PAH). Stimulation of the IP receptor by selexipag and its active metabolite (which is approximately 37 fold more potent than selexipag) leads to vasodilatory as well as anti-proliferative and anti-fibrotic effects.
The proposed indication is ‘for the treatment of:
· idiopathic pulmonary arterial hypertension
· heritable pulmonary arterial hypertension
· pulmonary arterial hypertension associated with connective tissue disease
· pulmonary arterial hypertension associated with congenital heart disease with repaired shunts
· pulmonary arterial hypertension associated with drugs and toxins in patients with WHO functional class II, III or IV symptoms.
Uptravi is effective in combination with an endothelin receptor antagonist (ERA) or a phosphodiesterase-5 (PDE-5) inhibitor, or in triple combination with an ERA and a PDE-5 inhibitor, or as monotherapy.’[footnoteRef:1] [1:  Proposed Australian Product Information for Uptravi] 

1.2. [bookmark: _Toc272414597][bookmark: _Toc290888445][bookmark: _Toc436897212][bookmark: _Toc464567912][bookmark: _Toc467079888]Dosage forms and strengths
The submission proposes registration of the following dosage forms and strengths:
Uptravi 200 microgram (µg), light yellow, debossed with '2', round, film-coated tablet
Uptravi 400 µg, red, debossed with '4', round, film-coated tablet
Uptravi 600 µg, violet, debossed with '6', round, film-coated tablet
Uptravi 800 µg, green, debossed with '8', round, film-coated tablet
Uptravi 1000 µg, orange, debossed with '10', round, film-coated tablet
Uptravi 1200 µg, dark violet, debossed with '12', round, film-coated tablet
Uptravi 1400 µg, dark yellow, debossed with '14', round, film-coated tablet
Uptravi 1600 µg, brown, debossed with '16', round, film-coated tablet 
1.3. [bookmark: _Toc272414598][bookmark: _Toc290888446][bookmark: _Toc436897213][bookmark: _Toc464567913][bookmark: _Toc467079889]Dosage and administration
The selexipag film-coated tablets are to be taken orally in the morning and in the evening, with or without food. Tolerability may be improved when taken with food. The tablets should not be split, crushed or chewed, and are to be swallowed with some water.
The recommended dosage regimen is to dose by individualised dose titration. The recommended starting dose is 200 µg given twice daily (bd), approximately 12 hours apart. The dose is to be increased in increments of 200 µg given twice daily, usually at weekly intervals, until adverse pharmacological effects that cannot be tolerated or medically managed are experienced, or until a maximum dose of 1600 µg bd is reached. The maintenance dose is also to be individualised. The highest tolerated dose reached during dose titration should be continued as the maintenance dose. If the therapy is less tolerated at a given dose over time, symptomatic treatment or a dose reduction to the next lower dose should be considered. According to the sponsor, PAH patients have variable degrees of IP receptor expression, and differences in maintenance dose of selexipag between individuals may be related to differences in IP receptor expression levels.
2. [bookmark: _Toc464567914][bookmark: _Toc467079890][bookmark: _GoBack]Clinical rationale
PAH is characterised by vasculopathy and remodelling of the pulmonary circulation resulting in narrowing of the arterial lumen and impaired vasodilation. This leads to an increase in pulmonary arterial pressure (PAP) and pulmonary vascular resistance (PVR), which limits the ability of the right ventricle to pump blood through the lungs and thereby causing shortness of breath, and eventually resulting in right heart failure and death. According to the sponsor, the pathophysiology of PAH is not fully understood, but is thought to involve abnormal interactions between endothelial and smooth muscle cells, leading to vasoconstriction, vascular smooth muscle cell proliferation, vascular endothelial proliferation, and in-situ thrombosis. Mediators of these pathological changes include reduced prostacyclin synthase activity and variably reduced IP receptor expression, an up-regulated endothelin-1 (ET-1) system, and abnormalities of the nitric oxide pathway. Current pharmacological therapies for PAH are therefore targeted towards these three mediator pathways: endothelin receptor antagonists (ERA) which inhibit the effects of elevated ET-1 levels and thus reducing vasoconstriction, smooth muscle cell proliferation and pulmonary vessel fibrosis; prostacyclin (epoprostenol) and its analogues which relax and reduce proliferation of vascular smooth muscle cells; and phosphodiesterase type 5 inhibitors (PDE-5i) and the soluble guanylate cyclase agonist, riociguat, which potentiates the anti-platelet, anti-proliferative, and vasodilatory effects of nitric oxide.
According to the sponsor, the utility of IP receptor agonism in the treatment of patients with PAH had been shown with epoprostenol and supported by studies on symptomatic endpoints with the prostacyclin (PGI2) analogues iloprost, treprostinil, and beraprost, but that these treatments of PAH had been approved based on their symptomatic effects and no long-term controlled studies focusing on long-term clinical outcomes (morbidity/mortality) of PAH disease have been previously conducted with an agent targeting the IP receptor. In addition, the short elimination half-life of prostacyclin and most of its analogues approved for treatment of PAH requires administration of these drugs by continuous intravenous (IV) or subcutaneous (SC) infusion or multiple daily inhalations, and these modes of administration can potentially introduce risks of rapid-onset, overdosing or underdosing, thus affecting tolerability and efficacy. The sponsor was therefore of the opinion that there was an unmet medical need in the availability of a long-acting, oral pharmacological agent targeting the prostacyclin pathway for which efficacy has been demonstrated using clinically relevant endpoints associated with PAH disease progression and hospitalisation due to PAH, in a patient population representative of current treatment strategies.
Comments:	The clinical rationale is sound. The currently approved IP receptor agonists for the treatment of PAH in Australia include epoprostenol, iloprost and treprostinil. Epoprostenol is to be administered by continuous intravenous infusion, and is approved for the indication of ‘long-term treatment, via continuous intravenous infusion, in WHO functional class III or class IV patients with:
Idiopathic pulmonary arterial hypertension 
Familial pulmonary arterial hypertension 
Pulmonary arterial hypertension associated with the scleroderma spectrum of diseases’[footnoteRef:2] [2:  Australian PI for epoprostenol, November 2014] 

Iloprost is a prostacyclin analogue and is to be administered by inhalation. It is approved for the indication of ‘treatment of patients with primary pulmonary hypertension or secondary pulmonary hypertension due to connective tissue disease or drug-induced, in moderate or severe stages of the disease. In addition, treatment of moderate or severe secondary pulmonary hypertension due to chronic pulmonary thromboembolism, where surgery is not possible.’[footnoteRef:3] [3:  Australian PI for iloprost, June 2013] 

Treprostinil is a prostacyclin analogue and is to be administered by continuous subcutaneous infusion. It is approved for the indication of ‘treatment of pulmonary arterial hypertension in patients with NYHA class III-IV to diminish symptoms associated with exercise.’[footnoteRef:4] Beraprost is an oral synthetic analogue of prostacyclin, but is not currently approved for use in Australia. A check through the FDA and EMA website shows that it is also not currently approved by the FDA or EMA. According to the sponsor, Beraprost is approved in Japan and South Korea. [4:  Australian PI for treprostinil, July 2007] 

In December 2013, oral, extended-release treprostinil (Orenitram) was approved by the FDA ‘for the treatment of pulmonary arterial hypertension (PAH) (WHO Group 1) to improve exercise capacity. The study that established effectiveness included predominately patients with WHO functional class II-III symptoms and aetiologies of idiopathic or heritable PAH (75%) or PAH associated with connective tissue disease (19%). When used as the sole vasodilator, the effect of Orenitram on exercise is about 10% of the deficit, and the effect, if any, on a background of another vasodilator is probably less than this. Orenitram is probably most useful to replace subcutaneous, intravenous, or inhaled treprostinil, but this use has not been studied’[footnoteRef:5]. The approved dosing regimen is by individualised titration, with recommended starting dose of 0.25mg bd, and increasing the dose as tolerated (recommended increment is 0.25mg to 0.5mg bd every 3 to 4 days) to achieve optimal clinical response. [5:  FDA Prescribing Information for Orenitram, December 2013] 

3. [bookmark: _Toc464567915][bookmark: _Toc467079891]Contents of the clinical dossier
3.1. [bookmark: _Toc464567916][bookmark: _Toc467079892]Scope of the clinical dossier
The submission contained the following clinical information:
Eleven clinical pharmacology studies, including 11 that provided pharmacokinetic data and 4 that provided pharmacodynamic data.
Two population pharmacokinetic analyses.
One pivotal efficacy/safety study (AC-065A302 [GRIPHON])
Two other efficacy/safety studies (studies NS-304/-02 [a Phase II, placebo-controlled study] and AC-065A201 [a Phase II, uncontrolled, open-label study in Japanese patients[footnoteRef:6]]) [6:  This study is ongoing at the time of this submission and interim data are presented] 

Integrated Summary of Efficacy, Integrated Summary of Safety, independent ophthalmology board safety report, two exploratory Phase II studies looking at indication unrelated to this submission (AC-065B201: efficacy and safety of selexipag in patients with chronic thromboembolic pulmonary hypertension [CTEPH]; AC-065B202: open-label extension study of selexipag in CTEPH patients who have completed Study AC-065B201)
In this evaluation report, Study AC-065A302 (GRIPHON) will be evaluated as the pivotal efficacy/safety study and Studies NS-304/-02 and AC-065A201 will be evaluated as supportive studies. As per instructions in the TGA’s ‘statement of requirements’, Studies AC-065B201 and AC-065B202 are evaluated for the purpose of this submission with regards to providing supportive safety data, and did not raise any additional safety concerns. Studies AC-065A302 and NS-304/-02 have ongoing open-label extension studies assessing long-term safety (AC-065A303 [GRIPHON OL] and NS-304/-03, respectively) and interim results are submitted, which will be evaluated with regards to supportive safety data on selexipag[footnoteRef:7]. For ease of reference, the study design and subject disposition of these extension studies will be discussed in the efficacy section of this report together with the respective core studies, and the safety results presented in the safety section of this report. [7:  In this submission, the study results of Study AC065A303 is presented in the clinical study report (CSR) of Study AC065A302; however, the study results of Study NS-304/-03 was not provided separately. The sponsor has provided, in the summary of clinical safety, pooled safety data of 4 studies which included Study NS-304/-03 (studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03). ] 

3.2. [bookmark: _Toc464567917][bookmark: _Toc467079893]Paediatric data
The submission did not include paediatric data. The sponsor is not using data in this submission to support the use of selexipag in a paediatric population. The sponsor has provided the completed TGA Paediatric Development Plan and a copy of the EU Paediatric Investigation Plan (PIP). These paediatric development plans are appropriate.
3.3. [bookmark: _Toc464567918][bookmark: _Toc467079894]Good clinical practice
The clinical studies reviewed in this evaluation were in compliance with CPMP/ICH/135/95 Note for Guidance on Good Clinical Practice.
4. [bookmark: _Toc355338639][bookmark: _Toc464567919][bookmark: _Toc467079895]Pharmacokinetics 
4.1. [bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290888464][bookmark: _Toc436897230][bookmark: _Toc464567920][bookmark: _Toc467079896]Studies providing pharmacokinetic data
Table 1 shows the studies relating to each pharmacokinetic topic and the location of each study summary.
[bookmark: _Ref272426277][bookmark: _Toc290888740][bookmark: _Toc422920582][bookmark: _Ref422997523][bookmark: _Toc436897365]Table 1: Submitted pharmacokinetic studies.
	PK topic
	Subtopic
	Study ID
	*

	PK in healthy adults
	General PKs
	[bookmark: _Toc422920583]QGUY/2006/NS-304-01
	PKs of single and multiple oral rising doses; PKs of a single oral dose of selexipag under fasting and non-fasting conditions; and PK interaction between selexipag and warfarin

	
	
	PS003
	PKs of a 100 μg oral dose of selexipag in a 10ml solution

	
	Bioequivalence
	AC-065-108
	Bioequivalence between 1600 μg selexipag bd administered as a single film-coated tablet and as 8 film-coated tablets of 200 μg

	
	Multi-dose
	AC-065-101
	PKs of selexipag and ACT-333679 after multiple-ascending doses of selexipag administered orally bd

	
	
	AC-065-102
	Photosensitising potential and PKs of 800 μg and 1,200 μg selexipag bd

	
	
	AC-065-106
	Cardiac repolarisation and PKs following 800 and 1600 μg selexipag bd

	
	Mass balance
	186933
	Absorption and excretion kinetics following administration of [14C] selexipag

	Special Populations
	Hepatic Impairment
	AC-065-104
	Effect of mild, moderate, and severe hepatic impairment on the PKs of selexipag and ACT-333679

	
	Renal Impairment
	AC-065-105
	PKs of selexipag and ACT-333679 in subjects with SRFI and healthy subjects

	
	Japanese
	NS304p101
	PKs of selexipag in healthy adult and elderly male Japanese volunteers

	PK interactions
	Kaletra
	AC-065-109
	Effects of multiple-dose lopinavir/ritonavir on the PKs of single-dose selexipag

	PopPK
	Healthy subjects
	AC-065-106-PPK
	PopPK characteristics of selexipag and its metabolite ACT-333679

	
	Target population§
	AC-065A302-PPK
	PopPK/PD characteristics of selexipag and its metabolite ACT-333679


* Indicates the primary aim of the study.
§ Subjects who would be eligible to receive the drug if approved for the proposed indication.
None of the pharmacokinetic studies had deficiencies that excluded their results from consideration.
4.1.1. [bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290888465][bookmark: _Toc290888616][bookmark: _Toc436897231]Summary of pharmacokinetics
The information in the following summary is derived from conventional pharmacokinetic studies unless otherwise stated.
4.1.1.1. [bookmark: _Toc272414617][bookmark: _Toc290888466][bookmark: _Toc290888617][bookmark: _Toc436897232]Physicochemical characteristics of the active substance
The following information is derived from the sponsor’s summaries.
Figure 1: Structural formula
[image: ]
Chemical name: 2-{4-[(5,6-diphenylpyrazin-2-yl)(isopropyl)amino]butoxy}-N-(methylsulfonyl) acetamide.
Molecular formula: C26H32N4O4S
Molecular weight: 496.62 mg/mol
CAS: 475086-01-2
Pharmacotherapeutic group: Platelet aggregation inhibitors excl. heparin ACT code: B01AC27.
Description: Selexipag is a pale yellow crystalline powder that is practically insoluble in water. In the solid state selexipag is very stable, is not hygroscopic, and is not light sensitive.
4.1.1.2. [bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290888467][bookmark: _Toc290888618][bookmark: _Toc436897233]Pharmacokinetics in healthy subjects
Bioanalytical methods
Five validated LC-MS/MS methods were used for the determination of selexipag and its active metabolite, ACT-333679, in human plasma [BP-304-001, PBC38-23, PBC119-001, SBQ-09003, BA-12.396]. The LOQ for both analytes was 0.01 ng/mL.
[bookmark: _Toc272414619][bookmark: _Toc290888468][bookmark: _Toc290888619][bookmark: _Toc436897234]Absorption
Sites and mechanisms of absorption
[bookmark: _Toc422920585]Study QGUY/2006/NS-304-01 examined the PKs of selexipag following single, oral, tablet doses of 100 μg, 200 μg, 400 μg, 600 μg or 800 μg in healthy male volunteers. Selexipag was rapidly absorbed with median Tmax values ranging from 1.0 h to 1.26 h (Table 2). Following a single dose of 200 μg (that is, the recommended starting dose), the mean Cmax and AUC0-inf values for selexipag were 3.44 ng/mL and 6.75 ng.h/mL.
Table 2: Pharmacokinetic variables of NS-304 by dose group (Part A)
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290888469][bookmark: _Toc290888620][bookmark: _Toc436897235][image: ]
Bioavailability
Absolute bioavailability
The absolute bioavailability of selexipag is unknown as all attempts to develop an IV formulation of the drug to support the conduct of an absolute bioavailability study were unsuccessful.
Bioavailability relative to an oral solution or micronised suspension
No studies directly compared the film-coated tablet formulation to an oral solution. However, Study PS003 examined the PKs of selexipag following a single, oral administration of 100 μg selexipag in a 10ml solution. The results indicated that the mean Tmax and t1/2 and geometric mean Cmax and AUC0-inf values for selexipag were 0.65 h, 1.71 h, 4.07 ng/mL and 5.84 ng.h/mL. The comparative results for the PK values following a single, oral, 100 μg dose of the tablet formulation in Study QGUY/2006/NS-304-01 were 1.26 h, 0.71 h, 2.20 ng/mL and 4.62 ng.h/mL, respectively (Table 3).
Table 3: Pharmacokinetics of selexipag and the metabolite MRE-269
[image: ]
Bioequivalence of clinical trial and market formulations
As stated in the section of this report on formulation development the 200 μg commercial dose formulation is identical to that used in the pivotal Phase III trial. The difference between film-coated tablets used in other clinical studies (200, 400, 800, and 1600 μg) and commercial material is only in the colour and debossing of the tablets. These differences in formulation can be considered minor and therefore unlikely to result in differences between the PKs of the clinical trial and commercial formulations 
Bioequivalence of different dosage forms and strengths
Study AC-065-108 examined the bioequivalence between 1600 μg selexipag (that is, the highest intended commercial dose strength) administered orally as a single film-coated tablet bd and as 8 film-coated tablets of 200 μg bd at steady-state following a multiple-dose up-titration. The results indicate that the two forms of selexipag were bioequivalent in regards to selexipag AUCτ and Cmax,ss, as the 90% CIs for the geometric mean ratios fell within the acceptance bioequivalence interval of 80.00–125.00% (Table 4). Tmax,ss values were also similar (both were 3.00 h), whereas, the Ctrough,ss was 1.30 fold higher (90% CI: 1.10 – 1.52) following administration of the 1 x 1600 μg tablet bd.
Table 4: Plasma PK variables of selexipag and its metabolite ACT-333679 in healthy subjects at steady state after treatment with 1600 µg selexipag bd as Treatment A (reference treatment) or Treatment B (test treatment) Per protocol set (n=65)
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Question: Can the sponsor please provide an explanation for the 1.3 fold increase in selexipag Ctrough,ss following administration of the single tablet form of 1600 μg selexipag bd compared to when it was administered as 8 x 200 μg selexipag bd in Study AC-065-108.
Question: The evaluator could not identify a request for a biowaiver for the intermediate dose strengths in Module 1 of the evaluation materials. Therefore, can the sponsor please direct the evaluator to the location of the request for a biowaiver in Module 1 if it has been over looked, or provide a statement for a request for a biowaiver if it has not been provided by the sponsor?
Bioequivalence to relevant registered products
Not applicable.
Influence of food
Part B of Study QGUY/2006/NS304-01 examined selexipag PKs following a single oral dose of 400 μg under fasted conditions and following a high fat breakfast. Selexipag Cmax was 35% lower in the fed state than in the fasted state, whereas AUC0-t and AUC0-inf were approximately 10% higher in the fed state. Food intake delayed the absorption of selexipag with median Tmax increasing from 1 h in the fasting state to 2.8 h in the fed state and mean t1/2 increased from 1.38 h to 1.81 h.
Dose proportionality
The results of a power model assessment of dose-proportionality in Part A of Study QGUY/2006/NS304-01 indicate that dose-dependent increases in selexipag Cmax and AUC0-inf values were almost dose proportional as the 95% CIs for the slopes of these parameters included or in the case of Cmax almost included 1.
Bioavailability during multiple-dosing
A number of studies examined the PKs of a range of selexipag doses following multiple dosing. These included: Part C of Study QGUY/2006/NS304-01, which examined 8 days dosing with 200 μg, 400 μg or 600 μg selexipag bd under fed conditions; Study AC-065-101 in which the dose was up-titrated in 200 μg steps every 3 days from 400 μg to 1800 μg selexipag bd; Study AC-065-102 which evaluated the photosensitising potential and PKs of selexipag following up-titration to doses of 800 μg and 1,200 μg bd; and Study AC-065-106 which examined the effects on cardiac repolarisation and PKs of selexipag following up-titration to doses of 800 μg and 1,600 μg bd
The results of Part C of Study QGUY/2006/NS304-01 identified that there was no selexipag accumulation at steady state. In addition, the 95% CIs of the slopes for Cmax and AUC0- obtained from the power model assessments included 1, which indicated that the increase in rate and extent of exposure to selexipag following bd administration of doses between 200-600 μg was dose-proportional. On Day 8, it was estimated that a 2 fold increase in selexipag dose would result in a 1.97 and 1.81 fold increase in Cmax and AUC0-, respectively.
These findings were supported by the results of Study AC-065-101, which also failed to identify selexipag accumulation following 3 days bd dosing with 400 μg to 1800 μg selexipag (Table 5). Moreover, increases in selexipag Cmax and AUC0- were dose-proportional over the dose range examined (Table 6).
Table 5: Summary of descriptive statistics for the pharmacokinetic parameters of ACT-293987 on very 3rd day in each period
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Table 6: Power model assessment of dose proportionality of Cmax (ng.mL) and AUCτ for ACT-293987 and ACT-333679 on each 3rd day after dose escalation
[image: ]
Effect of administration timing
No studies directly examined the effect of administration timing on the PKs of selexipag.
4.1.1.3. [bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290888470][bookmark: _Toc290888621][bookmark: _Toc436897236]Distribution
Volume of distribution
In the absence of an absolute bioavailability study, the volume of distribution (Vd) of selexipag as a general measure of the extent of tissue distribution could not be determined. However, Study PS003, which examined the PK profile of selexipag following a single, oral solution dose of 100 μg selexipag, provided an estimated selexipag Vd of 41.7 L (Table 3). The predicted selexipag Vd at steady-state (Vss) obtained from the final PK model in the PopPK study, AC-065-106-PPK was similar and Vss was estimated to be 36.2 L (Table 7).
Table 7: Final model: Population PK parameters
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Plasma protein binding
In vitro studies indicate that selexipag is highly bound to human plasma proteins (99.7%). Further studies indicated high binding to human albumin and α1-acid glycoprotein, which was in the range of 95.9 to 97.7%.
Erythrocyte distribution
In partitioning studies the mean blood/plasma ratio of selexipag was 0.57, indicating that selexipag demonstrated little to no binding to blood cells. This result was consistent with the findings of Study AC-065-104, which identified a mean blood/plasma ratio for selexipag in healthy subjects 3 h following drug administration of 0.55% (Table 8).
Table 8: Plasma pharmacokinetic parameters of selexipag in healthy subjects and subjects with liver impairment after administration of a single dose of 200 or 400 µg selexipag
[image: ]
Tissue distribution
Please see the section of this report pertaining to the ‘Volume of Distribution.’
4.1.1.4. [bookmark: _Toc272414622][bookmark: _Toc290888471][bookmark: _Toc290888622][bookmark: _Toc436897237]Metabolism
Interconversion between enantiomers
Not applicable.
Sites of metabolism and mechanisms/enzyme systems involved
In addition to selexipag, a total of nine metabolites were identified following multiple doses of 1.8 mg in pooled human plasma samples obtained in Study AC-065-101. The proposed metabolite structures and the proposed chemical interrelationship between these products are summarised in Figure 2.
Figure 2: Proposed metabolic pathways of selexipag in humans
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The main metabolic pathway of selexipag was via hydrolysis to its active metabolite ACT-333679. In addition, selexipag formed the ring-contracted imidazole metabolite P35 which was subsequently hydrolysed to P34. In turn, ACT-333679 was metabolised via several secondary pathways including: stepwise N-dealkylation of the aminopyrimidine, which yielded P14 via the intermediate P12; aromatic hydroxylation of the pyrimidine rings, which gave P4; oxidation at the phenyl ring, which resulted in formation of P10; and aliphatic hydroxylation of the N-isopropyl group, which yielded P13. ACT-333679 also underwent conjugation with glucuronic acid to give the acylglucuronide P11.
Non-renal clearance
The mass balance study, 186933, identified that following a single oral administration of [14C] selexipag, at a target dose of 400 µg (equivalent to 1.66 MBq/0.33 mSv), total radioactivity was eliminated primarily in the faeces, accounting for a mean of 92.74% of the administered dose by the end of the collection period (168 h post dose).
Metabolites identified in humans
Active metabolites
One circulating active metabolite, ACT-333679, was identified in humans. The sponsor states that ACT-333679 has a 13 fold higher affinity than selexipag for the human IP receptor and it is at least 16 fold more potent than selexipag in cellular systems. ACT-333679 is considered to be the major contributor to the efficacy of selexipag in man.
Other metabolites
Please refer to ‘Sites of metabolism and mechanisms’ for further details.
Pharmacokinetics of metabolites
Almost all of the PK studies which examined selexipag also investigated the PKs of its active metabolite ACT-333679 (MRE-269).
ACT-333679 PK and dose-proportionality following single doses of selexipag
Following single doses of 100 μg to 800 μg selexipag, the median Tmax of ACT-333679 occurred between 2.25 h and 2.75 h of dosing and the mean t1/2 ranged from 9.40 h to 12.65 h. Following a 200 μg dose of selexipag the mean Cmax and AUC0-inf values for the active metabolite were 3.80 ng/mL and 24.42 ng.h/mL, respectively. A power model assessment indicated that exposure to ACT-333679 was dose proportional following single doses of selexipag over the range of 100 μg to 600 μg and that for every two fold increase in dose there was a 1.91 fold and 1.92 fold increases in Cmax and AUC0-inf, respectively.
ACT-333679 dose-proportionality following multiple-doses of selexipag
Following multi-dose administration of a range of selexipag doses (200 μg, 400 μg and 600 μg) bd power modelling indicated that although Cmax increased dose-proportionally, AUC0- increased slightly less than dose proportionally, as the upper limit for the 95% CI for slope was 0.97. In this case, the estimated increases in ACT-333679 Cmax and AUC0- values following a doubling of selexipag dose were estimated to be 1.97 and 1.81 fold, respectively.
Study AC-065-101 also examined the dose-proportionality of ACT-333679 following multiple doses of selexipag bd ranging from 400 μg to 1800 μg. In this case, both the Cmax and AUC0-12 values for ACT-333679 were found to increase less than dose proportionally as the upper bounds of the 90% CIs for the slopes of the power models were 0.83 and 0.82, respectively (Table 6).
Effect of food
Study QGUY/2006/NS-304-01 identified that the Cmax and AUC of ACT-333679 were decreased by 48% and 27%, respectively, when selexipag was administered in the fed compared to the fasting state (Table 2). In addition, food intake delayed the exposure to ACT-333679, as median Tmax increased from 2.5 h in the fasted state to 4 h in fed state.
Bioequivalence
Study AC-065-108, which examined the PKs at steady-state following 1600 μg selexipag administered as a single tablet bd and administered as 8 x 200 μg tablets bd, identified that the Cmax,ss, AUCτ and Ctrough,ss values of ACT-333689 were bioequivalent following administration of both dosage forms (Table 4). In addition, ACT-333689 Tmax following both treatments occurred at 4 h after dosing.
Consequences of genetic polymorphism
Not examined.
4.1.1.5. [bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290888472][bookmark: _Toc290888623][bookmark: _Toc436897238]Excretion
Routes and mechanisms of excretion
The mass balance study, 186933 identified that, following a single oral administration of 400 µg [14C] selexipag, total radioactivity was primarily eliminated in the faeces, with 92.7% of administered dose excreted by the end of the collection period (168 h post dose).
Mass balance studies
Study 186933 identified that approximately100% of the total radioactivity was recovered in urine and faeces by 168 h following [14C] selexipag administration.
Renal clearance
Almost 12% of the administered [14C] selexipag dose was eliminated via the urine by 168 h post drug administration.
[bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290888473][bookmark: _Toc290888624][bookmark: _Toc436897239]Intra and inter-individual variability of pharmacokinetics
The estimated %CV for selexipag CL/F and Vd identified in the PopPK analysis undertaken in healthy patients, Study AC-065-106, were 7% and 26%, respectively (Table 7). The intra-subject variabilities associated with these parameters were 9% and 16%, respectively.
4.1.1.6. [bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290888474][bookmark: _Toc290888625][bookmark: _Toc436897240]Pharmacokinetics in the target population
No dedicated PK/PD studies examined the PKs of selexipag in the target population. However, the PopPK/PD study, AC-065A302-PPK, provided estimates for the PK parameters of selexipag and ACT-333679 based on modelling of the plasma concentration data from 512 subjects with PAH, who were enrolled in the Phase III Study AC-065A302. The results indicated that for a typical patient with a body weight of 72 kg, the Vd and CL/F values for selexipag were 12.9 L and 19.1 L/h, respectively (Table 9). For the active metabolite, the estimate of Vd was 4.65 L. The PAH PopPK model also provided PK estimates that indicated that the AUCss values for selexipag and ACT-333679 were 30% and 20% higher, respectively, in patients with PAH than in healthy subjects (Table 10). By contrast, the Ctrough,ss for selexipag was similar in both populations, whereas, the Ctrough,ss for ACT-333679 in patients with PAH was 1.9 fold higher than in healthy subjects.
[bookmark: _Ref422997295][bookmark: _Toc436897444]Table 9: Study AC-065A302 Final PopPK model parameter estimates
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Table 10: Comparison of model prediction of PK parameters for a reference healthy subject based on healthy and patient model for steady-state doses of 1600 µg bd
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Question: The 1.9 fold increase in Ctrough,ss for ACT-333679 identified in patients with PAH compared to healthy subjects in the PopPK/PD Study AC-065A302-PPK is unexpected. Can the sponsor please explain why they believe this is occurring and whether it is of concern, especially regarding the incidence of AEs in healthy subjects compared to patients with PAH? For instance, would the dose-dependent increase in HR identified in Study AC-065-106 be potentiated in subjects with PAH compared to healthy subjects?
Question: The PopPK Study AC-065A302-PPK provides a comparison of selexipag PKs in healthy subjects and in patients with PAH following dosing with 1600 μg bd This comparison indicates that differences in selexipag PKs exist between the two populations, in particular that there is a 1.9 fold increase in Ctrough in patients with PAH compared to healthy subjects (Table 9). The two studies used to source the data for this comparison (that is, Study AC-065-106 for healthy subjects and Study AC-065A302 for patients with PAH) also examined the PKs of selexipag following 800 μg bd dosing. Can the sponsor therefore identify whether the same differences in selexipag PKs exist between healthy subjects and patients with PAH following 800 μg bd dosing, and in particular is selexipag Ctrough affected to the same extent in subjects with PAH at the lower selexipag dose?
4.1.1.7. [bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290888475][bookmark: _Toc290888626][bookmark: _Toc436897241]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290888476][bookmark: _Toc290888627][bookmark: _Toc436897242]Pharmacokinetics in subjects with impaired hepatic function
Study AC-065-104 investigated the effect of mild, moderate, and severe hepatic impairment on the PKs of selexipag and ACT-333679, following a single, oral dose of 400 μg or 200 μg selexipag following a light breakfast. Healthy subjects and subjects with mild and moderate impairment received the 400 μg dose, whereas, subjects with severe impairment received a 200 μg dose of selexipag. The results indicated that selexipag Cmax and AUC0-inf were increased by approximately2 fold in subjects with mild liver impairment when compared to healthy subjects (Table 8), whereas, the Cmax and AUC0-inf values for ACT-333679 were similar (1.18 fold and 0.97 fold higher, respectively) in both groups (Tables 11 and 12). In subjects with moderate hepatic impairment compared to healthy subjects, selexipag Cmax and AUC0-inf were 2.8 fold and 4.5 fold higher, respectively, the median Tmax was longer (2.0 versus 1.0 h) and the elimination phase was characterised by a longer t1/2 (2.2 versus 1.1 h). The PKs of ACT-333679 were also affected by moderate liver impairment but to a smaller extent. The AUC0-inf was increased more than 2 fold, median Tmax was longer (6.0 versus 4.0 h) as was t1/2 (16.0 versus 12.6 h). In the 2 subjects with severe hepatic impairment compared to healthy subjects, the dose normalised selexipag Cmax and AUC0-inf were 2.3 and 3.0 fold higher, respectively, and the dose normalised Cmax and AUC0-inf of ACT-333679 were 1.2 and 2.9 fold higher, respectively.
[bookmark: _Ref422997327][bookmark: _Toc436897433]Table 11: Study AC-065-104 Plasma pharmacokinetic parameters of ACT-333679 in healthy subjects and subjects with liver impairment after administration of a single dose of 200 or 400 µg selexipag
[image: ]
[bookmark: _Ref422997311][bookmark: _Toc436897434]Table 12: Study AC-065-104 Geometric mean ratios and 90% confidence interval of Cmax, AUC0-t and t1/2 and median difference and 90% confidence interval of Tmax for selexipag comparing healthy subjects and subjects with liver impairment
[image: ]
[bookmark: _Toc272414628][bookmark: _Toc290888477][bookmark: _Toc290888628][bookmark: _Toc436897243]Pharmacokinetics in subjects with impaired renal function
Study AC-065-105 compared the PKs of selexipag and ACT-333679 in subjects with severe renal function impairment (SRFI) with those in matched healthy subjects after administration of a single dose of 400 μg selexipag. The results identified a approximately1.7 fold increase in selexipag Cmax, AUC0–12, and AUC0–inf in patients with SRFI compared to healthy subjects, whereas, selexipag t1/2 was similar in both groups (1.0 h and 1.4 h, respectively) (Table 13). For ACT-333679, there was a 1.43 fold and 1.61 fold increases in Cmax and AUC0-inf, respectively, in patients with SRFI compared to healthy subjects as well as a 1.61 fold increase in t1/2.
[bookmark: _Ref422997349][bookmark: _Toc436897454]Table 13: Study AC-065-105. Geometric mean ratios (8 subjects with SRFI versus healthy subjects) and their 90% CIs for PK parameters of selexipag and ACT-333679 Per protocol set (n=16)
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[bookmark: _Toc272414629][bookmark: _Toc290888478][bookmark: _Toc290888629][bookmark: _Toc436897244]Pharmacokinetics according to age
The two PopPK studies, AC-065-106-PPK and AC-065A302-PPK did not identify age as a significant covariate of the selexipag PKs in either healthy subjects or patients with PAH, respectively. By contrast, Study NS304p101, which examined the PKs of selexipag in healthy adult and elderly Japanese males, identified that following a single oral dose of 200 μg selexipag, under fasting conditions, the Cmax and AUC0-inf of selexipag were decreased by 20% and 26%, respectively, and Cmax and AUC0-inf of ACT-333679 were decreased by 34% and 36%, respectively, in elderly (aged 65-74 years) compared to younger subjects (20-26 years). Following 10 days administration of 400 μg selexipag bd after a meal, selexipag Cmax was decreased by 23% in elderly compared to younger subjects, whereas, AUC0-12 was similar in both groups. For ACT-333679, following multiple doses of selexipag, the Cmax and AUC0-12 of ACT-333679 were decreased by 16% and 19%, respectively, in elderly compared to younger subjects.
[bookmark: _Toc272414630][bookmark: _Toc290888479][bookmark: _Toc290888630][bookmark: _Toc436897245]Pharmacokinetics related to genetic factors
Effect of gender
The PopPK analysis undertaken in data from healthy subjects, AC-065-106-PPK, predicted that gender did not affect the PKs of selexipag or ACT-333679. By contrast, in patients with PAH the PopPK analysis, AC-065A302-PPK, identified gender as a significant covariate for the elimination rate constant of ACT-333679, whereby, a male subject was predicted to have a 13% lower AUCss for ACT-333679 than a female reference subject (Table 14).
[bookmark: _Ref422997378][bookmark: _Toc436897445]Table 14: Study AC-065A302 Covariate effects in the final model
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Effect of Race
Neither of the PopPK studies identified Race as a significant covariate for the PK parameters of selexipag or ACT-333679.
4.1.1.8. [bookmark: _Toc272414631][bookmark: _Toc290888480][bookmark: _Toc290888631][bookmark: _Toc436897246]Pharmacokinetics in other special populations
Effect of body weight on PKs
The PopPK Study AC-065-106-PPK identified body weight as a significant covariate on the apparent volumes of distribution of selexipag and ACT-333679 in healthy subjects (Table 7). The results indicated that the plasma concentrations in a 50 kg subject were approximately 22% and 27% higher than in a 75 kg subject for selexipag and ACT-333679, respectively, whereas, in a 100 kg subject, they were estimated to be 17% and 15% lower, respectively. In patients with PAH, AC-065A302-PPK, body weight was also identified as significant covariate for the volume of distribution of selexipag and ACT-333679. In addition, body weight was identified as significant covariate for drug clearance (Table 14). The results indicated that a patient with a body weight of 51 kg would have 30% higher selexipag exposure and 20% higher ACT-333679 exposure than a reference patient with a body weight of 70 kg.
PKs in Japanese subjects
Study NS304p101 also examined the PKs of selexipag and ACT-333679 in healthy Japanese males following a range of single doses and under fed and fasted conditions. The Cmax and AUC0-inf values for selexipag and ACT-333679 increased dose-proportionally following single oral dose of selexipag 200 μg to 600 μg under fasting conditions in healthy adult male volunteers (Tables 15 and 16). When 400 μg selexipag was administered with a meal compared to when it was administered under fasting conditions the Tmax values for a selexipag and ACT-333679 occurred 0.88 h and 0.5 h later, respectively (Table 17). In addition, the Cmax and AUC0-inf of selexipag were 32% and 15% lower, following a meal than under fasted conditions (Table 18). By contrast, the Cmax of ACT-333679 was similar in fed and fasting states, whereas, the AUC was 12% lower in the fed state.
[bookmark: _Ref422997398][bookmark: _Toc436897458]Table 15: Study NS304p101 Pharmacokinetic parameters of NS-304, MRE-269 and MRE-6001 following a single oral dose of NS-304 under fasting conditions in healthy adult male volunteers
[image: ]
[bookmark: _Ref422997400][bookmark: _Toc436897459]Table 16: Study NS304p101 Power model analysis of the relationship between Cmax/AUC0-∞ of NS-304 and MRE-269 and the dose of NS-304 following a single oral dose of NS-304 in healthy adult male volunteers (slope and 95% confidence interval)
[image: ]
[bookmark: _Ref422997408][bookmark: _Toc436897460]Table 17: Study NS304p101 Pharmacokinetic parameters of NS-304 and MRE-269 following a single oral dose of NS-304 (400 µg) under fasting conditions and after meals in healthy adult male volunteers
[image: ]
[bookmark: _Ref422997411][bookmark: _Toc436897461]Table 18: Study NS304p101 90% confidence interval of the difference in the geometric mean values of the logarithmically transformed Cmax and AUC0-∞ of NS-304 and MRE-269 following a single oral dose NS-304 (400 µg) under fasting conditions and after meals in healthy adult male volunteers
[image: ]
4.1.1.9. [bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290888481][bookmark: _Toc290888632][bookmark: _Toc436897247]Pharmacokinetic interactions
[bookmark: _Toc272414633][bookmark: _Toc290888482][bookmark: _Toc290888633][bookmark: _Toc436897248]Pharmacokinetic interactions demonstrated in human studies
Warfarin – a substrate of CYP2C9 and CYP3A4
Part D of Study QGUY/2006/NS-304-01 examined the PK interaction between steady-state selexipag (400 μg bd) and a single dose of 20 mg warfarin in healthy male subjects. Warfarin is a commonly prescribed drug in patients with PAH, which has a narrow therapeutic index. S-warfarin is mainly metabolised by CYP2C9, whereas metabolism of R-warfarin is mainly via CYP3A4. The results indicated that selexipag had no effect on the Cmax or AUC of either R or S-warfarin. In addition, the AUC0-inf of ACT-333679 and selexipag and Cmax for ACT-333679 at steady state were not affected by a single dose of 20 mg warfarin, whereas, the Cmax of selexipag was decreased by approximately 6%.
Lopinavir/ritonavir - inhibitors of OATP1B1 and OATP1B3
Study AC-065-109 examined the effects of multiple doses of lopinavir/ritonavir (Kaletra®) on the PK of selexipag and ACT-333679 following a single 400 μg dose of selexipag in the fasted state. The Cmax and AUC0-inf of selexipag were 2.07 and 2.24 fold higher when administered with Kaletra compared to when selexipag was given alone, whereas, the Cmax and AUC0-inf of ACT-333679 were 1.33 and 1.08 fold higher in the presence of Kaletra compared with selexipag alone (Table 19). The Tmax values of selexipag and ACT-333679 were not affected by the presence of Kaletra, whereas, selexipag t1/2 was prolonged 1.46 fold and ACT-333679 t1/2 was 35% shorter in the presence of Kaletra.
[bookmark: _Ref422997434][bookmark: _Toc436897472]Table 19: Study AC-065-109 Summary of pharmacokinetics parameters of selexipag and its active metabolite ACT-333679 Per Protocol set (n=20) 
[image: ]
PAH co-medication
The PopPK Study AC-065A302-PPK examined the effect of PAH co-medication on the PKs of selexipag and ACT-333679. Although PAH co-medication was found not to influence the PKs of selexipag, PAH co-medications (ERAs, PDE-5 inhibitors, and both) were identified as statistically significant covariates of the elimination rate constant of ACT-333679 (Table 9) and the use of selexipag in combination with both an ERA and PDE-5 inhibitor was predicted to result in a 30% lower ACT-333679 AUC,ss.
4.1.1.10. [bookmark: _Toc272414634][bookmark: _Toc290888483][bookmark: _Toc290888634][bookmark: _Toc436897249]Clinical implications of in vitro findings
Selexipag
In vitro studies identified that the metabolism of selexipag to its major metabolite, ACT-333679, occurs via hepatic CES1 catalysed hydrolysis. No clinically relevant inhibition of CES1 by medicinal products has been reported.
Studies undertaken in human hepatic microsomes identified that selexipag only weakly inhibited most forms of human CYP enzymes, with IC50 values for CYP1A2, CYP2A6, CYP2B6, CYP2C19, CYP2D6, CYP2E1, and CYP3A4 close to or higher than the maximum concentration of selexipag tested (that is, 50 μM). By contrast, the IC50 values of selexipag for CYP2C8 and CYP2C9 were 3.6 μM and 8.3 μM, while the respective Ki values were 2.0 μM and 3.5 μM.
Selexipag was also found to induce the expression of CYP3A4, CYP2C9, and CYP2B6 mRNA in human hepatocytes in a concentration-dependent manner. Compared to rifampicin (that is, the positive control) the induction potential of selexipag on CYP3A4 following a 10 μM dose was estimated to be 38%.
The efflux ratios of selexipag in MDCKII-MDR1 cells overexpressing P-gp ranged from 1.9–5.6 and were reduced to 1.0–2.0 in the presence of the P-gp inhibitors elacridar or zosuquidar. The corresponding values of the positive control digoxin were 11–24, and reduced to about unity in the presence of elacridar or zosuquidar. In addition, selexipag did not stimulate basal P-gp-ATPase activity, suggesting that selexipag is a weak substrate of P-gp.
In BCRP-expressing vesicles, the uptake ratios of selexipag were between 0.8 and 1.4 and were not concentration-dependent, whereas, the uptake ratios for the positive control methotrexate were 2.7–2.8. Therefore, it was concluded that selexipag is not a substrate of BCRP.
Selexipag uptake into OATP1B1 and OATP1B3-expressing cells was about 2 to 3 fold higher than in wild-type cells. The Km for selexipag was 0.9–2.6 μM for OATP1B1 and 1.2–3.5 μM for OATP1B3. Therefore, it was concluded that selexipag was a weak substrate of OATP1B1 and OATP1B3.
Selexipag did not affect the P-gp-mediated efflux of digoxin or rhodamine 123, whereas, it inhibited the uptake transporters OCT1 and OCT2 and the efflux transporters BSEP, MATE1, MATE2K, and MRP2 with IC50 values ranging from 11 μM to greater than 100 μM. Stronger inhibition was observed on the uptake transporters OATP1B1, OATP1B3, OAT1, and OAT3 with IC50 values in the range of 1.4–2.4 μM. Selexipag showed a similar inhibition of the efflux transporter BCRP with an IC50 of 1.9 μM. However, given the low plasma concentrations of selexipag following clinical doses and the high degree of binding to plasma proteins, unbound selexipag concentrations in plasma are expected to be below the IC50 values obtained in these in vitro studies. Therefore, the potential of selexipag to significantly inhibit transporters OATP1B1, OATP1B3, BCRP, OAT1, and OAT3 in clinical practice is estimated to be low.
ACT-333679
Overall, the active metabolite ACT-333679 had similar activity at the CYP isoforms and transporter proteins to selexipag.
4.1.1.11. [bookmark: _Toc436897250]Population PK modelling studies
Healthy subjects
Study AC-065-106-PPK examined the PopPK of selexipag and ACT-333679 in 91 healthy male and female subjects who had been enrolled in Study AC-065-106. The results indicated that a two-compartment model with absorption lag time, first-order absorption and elimination, and first-order metabolism rate constant for the conversion to ACT-333679 adequately described the PKs of selexipag, whereas, the PK of ACT-333679 was adequately characterised by a two-compartment model with first-order elimination. For a typical subject with a body weight of 75 kg, the selexipag Vp/F and CL/F values were 36.2 L and 15.8 L/h, respectively (Table 7).
Patients with PAH
Study AC-065A302-PPK described the PopPK/PD characteristics of an analysis dataset comprising 512 subjects who had been enrolled in the Phase III study, AC-065A302. The results indicated that the PopPK of selexipag and ACT-333679 in PAH subjects was similar to the model identified for healthy subjects and can be adequately described by a two-compartment model with absorption lag time, first-order absorption, elimination for selexipag and ACT-333679, and first-order metabolism for the conversion from selexipag to ACT-333679. For a typical subject with a body weight of 72 kg, the Vp/F and CL/F values for selexipag were 12.9 L and 19.1 L/h, respectively (Table 9).
4.1.1.12. [bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290888484][bookmark: _Toc290888635][bookmark: _Toc436897251]Evaluator’s overall conclusions on pharmacokinetics
The 200 μg commercial dose formulation is identical to that used in the pivotal Phase III trial and the differences between film-coated tablets used in the other clinical studies and the commercial formulation are the colour and debossing of the tablets.
Absorption
Selexipag was rapidly absorbed with median Tmax values ranging from 1.0 to 1.26 h. Following a single dose of 200 μg the mean Cmax and AUC0-inf values for selexipag were 3.44 ng/mL and 6.75 ng.h/mL.
The absolute bioavailability of selexipag is unknown.
Selexipag AUCτ and Cmax,ss values were bioequivalent following administration of 1600 μg selexipag bd as a single film-coated and following oral administration as 8 film-coated tablets of 200 μg. The trough plasma concentration at steady state (Ctrough,ss) was 1.30 fold higher (90% confidence interval (CI): 1.10 – 1.52) following administration of the 1 x 1600 μg tablet bd
The bioequivalence of the intermediate doses has not been established by the sponsor. However, the bioequivalence study on the highest dose, in vitro dissolution studies and the fact that all dose strengths have the same dosage form, qualitative composition and quantitative composition, except for the filler D-mannitol and are manufactured by the same manufacturer indicate that a biowaiver is appropriate for the intermediate dose strengths.
Following a single oral dose of 400 μg under fasted conditions and following a high fat breakfast, Selexipag Cmax was 35% lower in the fed state than in the fasted state, whereas AUC0-t and AUC0-inf were approximately 10% higher in the fed state. Food intake delayed the absorption of selexipag with median Tmax increasing from 1 h in the fasting state to 2.8 h in the fed state and mean t1/2 increased from 1.38 h to 1.81 h.
Following a single administration of a range of selexipag doses, increases in selexipag Cmax and AUC0-inf values were almost dose proportional as the 95% CIs for the slopes of these parameters included or in the case of Cmax almost included 1.
No accumulation of selexipag was identified at steady state.
Following multiple administrations of a range of selexipag doses, the Cmax and AUC0- values for selexipag increased dose-proportionally.
Distribution
Following a single, oral solution dose of 100 μg selexipag, the estimated selexipag volume of distribution (Vd) was [footnoteRef:8]41.7 L. Population PK (PopPK) modelling estimated that the selexipag volume of distribution at steady state (Vss) in healthy subjects was 36.2 L. [8:  estimated as] 

In vitro studies indicate that selexipag is highly bound to human plasma proteins (99.7%) with a high degree of binding to human albumin and α1-acid glycoprotein, which was in the range of 95.9 to 97.7%.
Partitioning studies identified that the mean blood/plasma ratio of selexipag was 0.57, indicating that selexipag demonstrated little to no binding to blood cells.
Metabolism
Studies in pooled samples of human plasma identified nine selexipag metabolites.
The main metabolic pathway of selexipag was via hydrolysis to its active metabolite ACT-333679.
The active metabolite ACT-333679 was metabolised via several secondary pathways.
Following single doses of 100 μg to 800 μg selexipag, the median Tmax of ACT-333679 occurred between 2.25 h and 2.75 h of dosing and the mean t1/2 ranged from 9.40 h to 12.65 h[footnoteRef:9]. [9: Study QGUY/2006/NS-304] 

Following a 200 μg dose of selexipag the mean Cmax and AUC0-inf values for the active metabolite were 3.80 ng/mL and 24.42 ng.h/mL, respectively.
Increases in ACT-333679 exposure were dose proportional following single doses of selexipag over the dose range of 100 μg to 600 μg.
Following multi-dose administration of a range of selexipag doses (200 μg, 400 μg and 600 μg) bd, Cmax increased dose-proportionally, whereas, AUC0- increased slightly less than dose proportionally, as the upper limit for the 95% CI for slope was 0.97.
Following multiple doses of selexipag bd ranging from 400 μg to 1800 μg, the Cmax and AUC0-12 values for ACT-333679 were found to increase less than dose proportionally as the upper bounds of the 90% CIs for the slopes of the power models were 0.83 and 0.82, respectively.
Excretion
A mass balance study identified that total radioactivity was primarily eliminated primarily in the faeces, which accounted for 92.74% of the administered dose by 168 h postdosing and almost 12% of the administered [14C] selexipag dose was eliminated via the urine.
Intra- and inter-individual variability of PKs
The estimated %CV for selexipag CL/F and Vd identified in the popPK analysis undertaken in healthy patients were 7% and 26%, respectively. The intra-subject variabilities associated with these parameters were 9% and 16%, respectively.
Target population
No dedicated PK/PD studies examined the PKs of selexipag in the target population.
PopPK/PD modelling of data from 512 patients with PAH indicated that for a typical patient with a body weight of 72 kg, the Vd and CL/F values for selexipag were 12.9 L and 19.1 L/h, respectively. For the active metabolite the estimate for Vd was 4.65 L.
The AUCss values for selexipag and ACT-333679 were 30% and 20% higher, respectively, in patients with PAH than in healthy subjects. By contrast, the Ctrough,ss for selexipag was similar in both populations, whereas, the Ctrough,ss for ACT-333679 in patients with PAH was 1.9 fold higher than in healthy subjects.
Impaired hepatic function
Selexipag Cmax and AUC0-inf were increased by approximately2 fold in subjects with mild liver impairment compared to healthy subjects, whereas, the Cmax and AUC0-inf values for ACT-333679 were similar (1.18 fold and 0.97 fold higher, respectively) in both groups.
In subjects with moderate hepatic impairment compared to healthy subjects, selexipag Cmax and AUC0-inf were 2.8 fold and 4.5 fold higher, respectively, the median Tmax was longer (2.0 versus 1.0 h) and the elimination phase was characterised by a longer t1/2 (2.2 versus 1.1 h). For ACT-333679, AUC0-inf was increased more than 2 fold, median Tmax was longer (6.0 versus 4.0 h) as was t1/2 (16.0 versus 12.6 h).
Impaired renal function
There was an approximately1.7 fold increase in selexipag Cmax, AUC0–12, and AUC0–inf in patients with SRFI compared to healthy subjects. For ACT-333679, there was a 1.43 fold and 1.61 fold increases in Cmax and AUC0-inf, respectively, in patients with SRFI compared to healthy subjects as well as a 1.61 fold increase in t1/2.
Age
PopPK studies in healthy subjects and patients with PAH did not identify age as a significant covariate of the selexipag PKs.
In healthy adult and elderly Japanese males however, the Cmax and AUC0-inf of selexipag, following a single dose under fasted conditions, were decreased by 20% and 26%, respectively, and Cmax and AUC0-inf of ACT-333679 were decreased by 34% and 36%, respectively, in elderly (aged 65-74 years) compared to younger subjects (20-26 years).
Following 10 days administration of 400 μg selexipag bd after a meal, selexipag Cmax decreased by 23% in elderly compared to younger subjects, whereas, AUC0-12 was similar in both groups. For ACT-333679 the Cmax and AUC0-12 decreased by 16% and 19%, respectively, in elderly compared to younger subjects.
Gender
The popPK analysis undertaken in data from healthy subjects predicted that gender did not affect the PKs of selexipag or ACT-333679. By contrast, in patients with PAH the popPK analysis identified gender as a significant covariate for the elimination rate constant of ACT-333679, whereby, a male subject was predicted to have a 13% lower AUCss for ACT-333679 than a female reference subject.
Race
Neither of the popPK studies identified Race as a significant covariate for the PK parameters of selexipag or ACT-333679.
In healthy Japanese males under fasting conditions, the Cmax and AUC0-inf values for selexipag and ACT-333679 increased dose-proportionally following a single oral dose of selexipag 200 μg to 600 μg. When 400 μg selexipag was administered with a meal compared to when it was administered under fasting conditions the Tmax values for a selexipag and ACT-333679 occurred 0.88 h and 0.5 h later, respectively. The Cmax and AUC0-inf of selexipag were 32% and 15% lower, following a meal than under fasted conditions, whereas, the Cmax of ACT-333679 was similar in fed and fasting states and the AUC was 12% lower in the fed state.
Body weight
Body weight was a significant covariate on the apparent volumes of distribution of selexipag and ACT-333679 in healthy subjects. The results indicated that the plasma concentrations in a 50 kg subject were approximately 22% and 27% higher than in a 75 kg subject for selexipag and ACT-333679, respectively, whereas, in a 100 kg subject, they were estimated to be 17% and 15% lower, respectively.
In patients with PAH body weight was also identified as significant covariate for the volume of distribution of selexipag and ACT-333679. In addition, body weight was identified as significant covariate for drug clearance. The results indicate for a patient with a body weight of 51 kg selexipag exposure was 30% higher and ACT-333679 exposure was 20% higher than a reference patient with a body weight of 70 kg.
Pharmacokinetic interactions in man
Selexipag had no effect on the Cmax or AUC of either R- and S-warfarin. In addition, the AUC0-inf of ACT-333679 and selexipag and Cmax for ACT-333679 at steady state were not affected by a single dose of 20 mg warfarin, whereas, the Cmax of selexipag was decreased by approximately 6%.
The Cmax and AUC0-inf of selexipag were 2.07 and 2.24 fold higher when administered with Kaletra compared to when selexipag was given alone, whereas, the Cmax and AUC0-inf of ACT-333679 were 1.33 and 1.08 fold higher in the presence of Kaletra compared with selexipag alone. Selexipag t1/2 was prolonged 1.46 fold and ACT-333679 t1/2 was 35% shorter in the presence of Kaletra.
PAH co-medication did not influence the PKs of selexipag, whereas, PAH co-medications (ERAs, PDE-5 inhibitors, and both) were significant covariates of the elimination rate constant of ACT-333679 and the use of selexipag in combination with both an ERA and PDE-5 inhibitor was predicted to result in a 30% lower ACT-333679 AUC,ss.
Pharmacokinetic interactions in vitro
Studies undertaken in human hepatic microsomes identified that selexipag weakly inhibits most forms of human CYP enzymes, with IC50 values for CYP1A2, CYP2A6, CYP2B6, CYP2C19, CYP2D6, CYP2E1, and CYP3A4 close to or higher than the maximum concentration of selexipag tested (i.e. 50 μM).
The IC50 values of selexipag for CYP2C8 and CYP2C9 were 3.6 μM and 8.3 μM, while the respective Ki values were 2.0 μM and 3.5 μM.
Selexipag induces the expression of CYP3A4, CYP2C9, and CYP2B6 mRNA in human hepatocytes in a concentration-dependent manner. Compared to rifampicin (that is, the positive control) the induction potential of selexipag on CYP3A4 following a 10 μM dose was estimated to be 38%.
Selexipag is a weak substrate of P-gp, OATP1B1 and OATP1B3.
Selexipag is not a substrate of BCRP.
Selexipag does not affect P-gp-mediated efflux, whereas, it inhibited the uptake transporters OCT1 and OCT2 and the efflux transporters BSEP, MATE1, MATE2K, and MRP2 with IC50 values ranging from 11 μM to greater than 100 μM. Stronger inhibition was observed on the uptake transporters OATP1B1, OATP1B3, OAT1, and OAT3 with IC50 values in the range of 1.4–2.4 μM. Selexipag also demonstrated a similar inhibition of the efflux transporter BCRP with an IC50 of 1.9 μM.
Overall, the active metabolite ACT-333679 had similar activity at the CYP isoforms and transporter proteins as selexipag.
Population PK modelling studies
A two-compartment model with absorption lag time, first-order absorption and elimination, and first-order metabolism rate constant for the conversion to ACT-333679 adequately described the PKs of selexipag in healthy subjects, whereas, the PK of ACT-333679 was adequately characterised by a two-compartment model with first-order elimination. For a typical subject with a body weight of 75 kg, the selexipag Vp/F and CL/F values were 36.2 L and 15.8 L/h, respectively.
The PopPK of selexipag and ACT-333679 in PAH subjects was similar to the model identified for healthy subjects. For a typical subject with PAH and a body weight of 72 kg, the Vp/F and CL/F values for selexipag were 12.9 L and 19.1 L/h, respectively.
Limitations of PK studies
No dedicated studies examined the PKs of selexipag/ACT-333679 in the target population.
Questions arising from the PK studies
Can the sponsor please provide an explanation for the 1.3 fold increase in selexipag Ctrough,ss following administration of the single tablet form of 1600 μg selexipag bd compared to when it was administered as 8 x 200 μg selexipag bd in Study AC-065-108?
The evaluator could not identify a request for a biowaiver for the intermediate dose strengths in the evaluation materials. Therefore, can the sponsor please direct the evaluator to the location of the request for a biowaiver or provide a statement for a request for a biowaiver if it has not been provided by the sponsor?
The 1.9 fold increase in Ctrough,ss for ACT-333679 identified in patients with PAH compared to healthy subjects in the PopPK/PD Study AC-065A302-PPK is unexpected. Can the sponsor please explain why they believe this is occurring and whether it is of concern, especially regarding the incidence of AEs in healthy subjects compared to patients with PAH? For instance, would the dose-dependent increase in HR identified in Study AC-065-106 be potentiated in subjects with PAH compared to health y subjects?
The PopPK Study AC-065A302-PPK provides a comparison of selexipag PKs in healthy subjects and in patients with PAH following dosing with 1600 μg bd This comparison indicates that differences in selexipag PKs exist between the two populations, in particular that there is a 1.9 fold increase in Ctrough in patients with PAH compared to healthy subjects. The two studies used to source the data for this comparison (Study AC-065-106 for healthy subjects and Study AC-065A302 for patients with PAH) also examined the PKs of selexipag following 800 μg bd dosing. Can the sponsor therefore identify whether the same differences in selexipag PKs exist between healthy subjects and patients with PAH following 800 μg bd dosing, and in particular is selexipag Ctrough affected to the same extent in subjects with PAH at the lower selexipag dose?
Questions arising from the PK studies
Can the sponsor please provide an explanation for the 1.3 fold increase in selexipag Ctrough,ss following administration of the single tablet form of 1600 μg selexipag bd compared to when it was administered as 8 x 200 μg selexipag bd in Study AC-065-108?
The evaluator could not identify a request for a biowaiver for the intermediate dose strengths in Module 1 of the evaluation materials. Therefore, can the sponsor please direct the evaluator to the location of the request for a biowaiver in Module 1 if it has been over looked, or provide a statement for a request for a biowaiver if it has not been provided by the sponsor?
The 1.9 fold increase in Ctrough,ss for ACT-333679 identified in patients with PAH compared to healthy subjects in the PopPK/PD Study AC-065A302-PPK is unexpected. Can the sponsor please explain why they believe this is occurring and whether it is of concern, especially regarding the incidence of AEs in healthy subjects compared to patients with PAH? For instance, would the dose-dependent increase in HR identified in Study AC-065-106 be potentiated in subjects with PAH compared to health y subjects?
The PopPK Study AC-065A302-PPK provides a comparison of selexipag PKs in healthy subjects and in patients with PAH following dosing with 1600 μg bd This comparison indicates that differences in selexipag PKs exist between the two populations, in particular that there is a 1.9 fold increase in Ctrough in patients with PAH compared to healthy subjects (Table 10). The two studies used to source the data for this comparison (that is, Study AC-065-106 for healthy subjects and Study AC-065A302 for patients with PAH) also examined the PKs of selexipag following 800 μg bd dosing. Can the sponsor therefore identify whether the same differences in selexipag PKs exist between healthy subjects and patients with PAH following 800 μg bd dosing, and in particular is selexipag Ctrough affected to the same extent in subjects with PAH at the lower selexipag dose?
5. [bookmark: _Toc464567921][bookmark: _Toc467079897]Pharmacodynamics
5.1. [bookmark: _Toc272414637][bookmark: _Toc290888486][bookmark: _Toc290888637][bookmark: _Toc436897253][bookmark: _Toc464567922][bookmark: _Toc467079898]Studies providing pharmacodynamic data
Comment: As all of the trials that contain information regarding selexipag PDs also contain relevant PK data they are listed in Table 1.
None of the pharmacodynamic studies had deficiencies that excluded their results from consideration.
5.1.1. [bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290888487][bookmark: _Toc290888638][bookmark: _Toc436897254]Summary of pharmacodynamics
The information in the following summary is derived from conventional pharmacodynamic studies in humans unless otherwise stated.
5.1.1.1. [bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290888488][bookmark: _Toc290888639][bookmark: _Toc436897255]Mechanism of action
Uptravi (selexipag) is a selective non-prostanoid prostacyclin IP receptor agonist. The vasculo-protective effects of prostacyclin (PGI2) are mediated by the IP receptor. Decreased expression of IP receptors and decreased synthesis of prostacyclin contribute to the pathophysiology of PAH.
5.1.1.2. [bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290888489][bookmark: _Toc290888640][bookmark: _Toc436897256]Pharmacodynamic effects
Measures of primary PD effects
Six minute walk distance (6-MWD)
The 6-MWD was developed in 1963 by Balke to evaluate functional capacity[footnoteRef:10] and is used to test exercise tolerance in chronic respiratory disease and heart failure. It measures the distance an individual is able to walk over a total of six minutes on a hard, flat surface. The goal is for the individual to walk as far as possible in six minutes; however, the individual is allowed to self-pace and rest as needed. [10:  Balke B. A simple field test for the assessment of physical fitness. Rep Civ Aeromed Res Inst US. 1963(53):1 - 8.] 

New York Heart Association (NYHA) class
Clinician-assigned measure, which classifies a patient’s heart failure according to the severity of their symptoms, is an established predictor of outcomes in heart failure.
Plasma N-terminal pro-brain natriuretic peptide (NT pro-BNP) levels
NT-proBNP is a measure of wall stress in pulmonary hypertension with elevated levels indicating that the heart is under strain and failing.
5.1.1.3. [bookmark: _Toc272414642][bookmark: _Toc290888490][bookmark: _Toc290888641][bookmark: _Toc436897257]Primary pharmacodynamic effects
No dedicated PD studies examined the primary PD effects of selexipag or its active metabolite ACT-333679. However, the PopPK/PD Study AC-065A302-PPK examined the relationship between selexipag/ACT-333679 plasma levels and selected clinical safety and efficacy endpoints based on the results of a Phase III study (AC-065A302), which assessed the safety and efficacy of selexipag on morbidity and mortality in patients with PAH. The results of this study in regards to primary PD effects are reported below.
6-MWD
Study AC-065A302-PPK indicated that 6-MWD at steady state showed a significant increase with increasing exposure, from 369 m with no exposure to 392 m with high exposure. Disease status at baseline (NYHA/WHO functional class) and total bilirubin at baseline showed significant effects on the intercept: the 6-MWD without exposure to drug is smaller with higher NYHA/WHO functional class and with higher total bilirubin at baseline (Figure 3).
[bookmark: _Ref422997536][bookmark: _Toc436897448]Figure 3: Study AC-065A302 PD model visualisation: 61-MWD versus AUC Combined for different baselines, grouped by disease status (NYHA/WHO functional class) and total bilirubin at baseline
[image: ]
NT pro-BNP levels
Plasma NT pro-BNP showed a statistically significant decrease with higher exposure, from 667 with no exposure to 475 ng/mL with high exposure. PAH co-medication was identified as significant covariate of plasma NT pro-BNP.
5.1.1.4. [bookmark: _Toc272414643][bookmark: _Toc290888491][bookmark: _Toc290888642][bookmark: _Toc436897258]Secondary pharmacodynamic effects
Cardiac repolarisation
Study AC-065-106 examined the effects of selexipag and ACT-333679 on cardiac repolarisation, as measured by the QTc interval, at steady-state following doses of 800 or 1600 μg selexipag bd in healthy male and female subjects. The results indicated that steady-state levels of selexipag were associated with mild increases in the HR with the largest placebo-corrected change-from-baseline HR reaching 6 bpm to 7 bpm at 1.5 to 3 h after dosing with 800 μg selexipag and 9 bpm to 10 bpm at the same time-points following dosing with 1600 μg selexipag (Figure 4). By contrast, selexipag did not affect cardiac conduction (that is, the PR and QRS intervals).
[bookmark: _Ref422997542][bookmark: _Toc436897417]Figure 4: Study AC-065-106 Placebo-corrected change from time-matched baseline heart rate (∆∆HR, bpm) across treatment groups and time points[image: ]
Placebo-corrected QTcI (QTcI) did not exceed 1.4 ms (UB of 90% CI 3.9 ms) and -0.7 ms (UB of CI 2.1 ms) following administration of 800 μg and 1600 μg selexipag, respectively (Figure 5).
[bookmark: _Ref422997546][bookmark: _Toc436897419]Figure 5: Study AC-065-106 Placebo-corrected change from time-matched baseline QTcI (∆∆QTcI, ms) across treatment groups and time points
[image: ]
Similar results were identified in regard to QTcF. No subjects had a QTcI exceeding 480 ms (Table 20) or QTcI >30 ms following administration with selexipag (Table 21) and the number of time-points at which T-wave morphology changes were observed was small and distribution was similar across treatment groups. By contrast, the mean QTcI peak effect following administration of the positive control, 400 mg moxifloxacin, was 7.5 ms with a LB of the 90% CI of 4.8 ms. Therefore, it would appear that neither selexipag nor its active metabolite affect cardiac repolarisation.
Table 20: QTcI per absolute categories (>450 ms, >480 ms, and >500 ms) across treatment groups
[image: ]
[bookmark: _Ref422997552][bookmark: _Toc436897421]Table 21: Study AC-065-106 QtcI per change from baseline categories (> 30 ms and >60 ms) across treatment groups
[image: ]
Photosensitising effect
Study AC-065-102 aimed to evaluate the photosensitising potential of selexipag (at 800 μg and 1,200 μg bd), as measured by the PI and change from baseline in MED, in comparison with placebo and a positive control, (ciprofloxacin 500 mg bd), under steady-state conditions in healthy males. However in this study, the anticipated mild photo-sensitising potential of the positive control, ciprofloxacin, could not be confirmed and there was no significant difference in UV-A or UV-B photosensitivity following treatment with either dose of selexipag, placebo or ciprofloxacin. Given these findings, the evaluator believes that it is impossible to either confirm or reject the possibility that selexipag and ACT-333679 possess photosensitising potential.
Total bilirubin
Study AC-065A302-PPK indicated that there was a significant inverse correlation between total bilirubin and exposure. For instance, total bilirubin levels decreased from 12.03 μmol/L to 10.58 μmol/L at low (placebo) and high exposure levels, respectively. The steepness of decrease was significantly larger with PAH aetiology ‘connective tissue disease’ compared to ‘congenital heart disease’ and ‘idiopathic PAH’, suggesting more sensitivity of ‘connective tissue disease’ towards selexipag and ACT-333679 (Figure 6).
[bookmark: _Ref422997571][bookmark: _Toc436897450]Figure 6: Study AC-065A302 PD model visualisation: Total bilirubin at steady state versus exposure for different base line levels, grouped by PAH etiology
[image: ]
Leukocytes and erythrocyte counts
Study AC-065A302-PPK indicated that leukocyte, erythrocyte and haemoglobin levels were all significantly and inversely correlated with selexipag/ACT-333679 exposure. Leukocyte levels were 6.82 G/L at low levels of drug exposure (placebo) and 6.26 G/L with high exposure. Similarly, erythrocyte levels were 4.66 TI/L with placebo and 4.58 TI/L following high drug exposure and haemoglobin levels were 138.84 G/L and 134.58 G/L, respectively. The steepness of decrease in leukocytes was significantly larger with PAH aetiology ‘connective tissue disease’ compared to ‘congenital heart disease’ and ‘idiopathic PAH’ (Figure 7). For haemoglobin, PAH aetiology was identified as significant towards the intercept (parallel shift) with aetiology ‘connective tissue disease’ showing lower haemoglobin levels compared to ‘congenital heart disease’ and ‘idiopathic PAH’ (Figure 8).
[bookmark: _Ref422997574][bookmark: _Toc436897451]Figure 7: Study AC-065A302 PD model visualisation: leucocytes at steady state versus exposure for different baseline levels, grouped by PAH etiology
[image: ]
Haemoglobin showed a statistically significant decrease with higher exposure, from 138.84 G/L with placebo to 134.58 G/L with high exposure. PAH aetiology was identified as significant towards the intercept (parallel shift) with aetiology ‘connective tissue disease’ showing lower haemoglobin levels compared to ‘congenital heart disease’ and ‘idiopathic PAH’ (Figure 8).
[bookmark: _Ref422997577][bookmark: _Toc436897452]Figure 8: Study AC-065A302 PD model visualisation: haemoglobin at steady state versus exposure for different baseline levels, grouped by PAH etiology
[image: ]
Other secondary effects
The results of Study AC-065-101 indicate that selexipag had no relevant effects on platelet aggregation, blood coagulation markers, vWF, sTM, and P-selectin, or on bone turnover markers, sOC, P1NP, CTx, and NTx.
5.1.1.5. [bookmark: _Toc272414644][bookmark: _Toc290888492][bookmark: _Toc290888643][bookmark: _Toc436897259]Time course of pharmacodynamic effects
The maximum increases in placebo-corrected changes-from-baseline HR occurred between 1.5 h and 3 h following administration of either 800 μg or 1600 μg selexipag (Figure 4).
5.1.1.6. [bookmark: _Toc272414645][bookmark: _Toc290888493][bookmark: _Toc290888644][bookmark: _Toc436897260]Relationship between drug concentration and pharmacodynamic effects
The results of Study AC-065A302-PPK regarding the relationship between drug concentration and efficacy/laboratory values have been discussed in Primary pharmacodynamic effects and Secondary pharmacodynamic effects of this report.
Cardiac Repolarisation
The concentration-effect modelling, undertaken in Study AC-065-106, did not identify a relationship between plasma concentrations of selexipag or ACT-333679 and the effect on the QTc interval. In addition, the projected QTc effect, using the concentration-effect model, was negligible within the observed range of plasma levels and the results consistent with the time-matched analysis.
Vital signs
Study AC-065A302-PPK indicated that systolic blood pressure, diastolic blood pressure, mean arterial blood pressure and heart rate did not demonstrate statistically significant relationships with drug exposure.
AEs
In regards to AEs, Study AC-065A302-PPK identified a statistically significant relationship between the probability of occurrence of a prostacyclin-like associated AE and drug exposure, PAH aetiology, and PAH co-medication. The probability of occurrence of a prostacyclin-like associated AE was predicted to increase by about 20–30% on the highest exposure compared to placebo. PAH co-medication as a covariate showed up to 20% difference in the probability of occurrence of the AE between naïve and ERA and/or PDE5 inhibitors. The PAH aetiology connective tissue disease was predicted to be associated with an up to 10% higher probability of the AE compared to idiopathic PAH and congenital heart disease. By contrast, there was no evidence that the number of treatment-emergent haemorrhages or gastrointestinal haemorrhages correlated with drug exposure.
Comment: Given, following 800 μg bd dosing with selexipag, that selexipag and its active metabolite (ACT-333679) have similar Tmax values (2 h and 4h, respectively), the Cmax for the active metabolite is 13.4 ng/mL and for selexipag is 8.20 ng/mL and that it has been reported that ACT-333679 is at least 16 fold more potent than selexipag in cellular systems, then both the primary and secondary pharmacodynamic effects of selexipag can be attributed to the activity of ACT-333679.
5.1.1.7. [bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290888494][bookmark: _Toc290888645][bookmark: _Toc436897261]Genetic-, gender and age-related differences in pharmacodynamic response
Not examined.
5.1.1.8. [bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290888495][bookmark: _Toc290888646][bookmark: _Toc436897262]Pharmacodynamic interactions
[bookmark: _Toc422920587]Part D of Study QGUY/2006/NS-304-01 indicated that steady state levels of selexipag and ACT-333679 did not affect the INR AUC0-144h, INRmax or INRtmax of warfarin.
5.1.2. [bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290888496][bookmark: _Toc290888647][bookmark: _Toc436897263]Evaluator’s overall conclusions on pharmacodynamics
5.1.2.1. Mechanism of action
Selexipag is a selective non-prostanoid prostacyclin IP receptor agonist.
5.1.2.2. Primary PD
No dedicated PD studies examined the primary PD effects of selexipag or its active metabolite ACT-333679.
6-MWD PK/PD modelling identified that
[bookmark: _Ref465944387]6-MWD at steady state showed a significant increase with increasing exposure, from 369 m with no exposure[footnoteRef:11] to 392 m with high exposure. [11:  placebo] 

Plasma NT pro-BNP showed a statistically significant decrease with higher exposure, from 667 with no exposure11 to 475 ng/mL with high exposure.
5.1.2.3. Secondary PD
Steady-state levels of selexipag were associated with mild increases in the HR with the largest placebo-corrected change-from-baseline HR reaching 6 bpm to 7 bpm at 1.5 to 3 h after dosing with 800 μg selexipag and 9 bpm to 10 bpm at the same time-points following dosing with 1600 μg selexipag.
Neither selexipag nor its active metabolite affect cardiac repolarisation or cardiac conduction.
It is impossible to either confirm or reject the possibility that selexipag and ACT-333679 possess photosensitising potential.
There was a significant inverse correlation between total bilirubin and exposure. For instance, total bilirubin levels decreased from 12.03 μmol/L to 10.58 μmol/L at low (placebo) and high exposure levels, respectively.
Leukocyte, erythrocyte and haemoglobin (Hb) levels were all significantly and inversely correlated with selexipag/ACT-333679 exposure.
Selexipag had no relevant effects on platelet aggregation, blood coagulation markers, vWF, sTM, and P-selectin, or on bone turnover markers, sOC, P1NP, CTx, and NTx.
5.1.2.4. Time course of PDs
The maximum increases in placebo-corrected changes-from-baseline HR occurred between 1.5 h and 3 h following administration of either 800 μg or 1600 μg selexipag.
5.1.2.5. Relationship between drug concentration and PDs
There was no relationship between drug exposure and changes in QTc, SBP, DBP, MAP or HR.
There was a statistically significant relationship between the probability of occurrence of a prostacyclin-like associated AE and drug exposure, PAH aetiology, and PAH co-medication.
There was no evidence that the number of treatment-emergent haemorrhages or gastrointestinal haemorrhages correlated with drug exposure
5.1.2.6. PD interactions
Steady state levels of selexipag and ACT-333679 did not affect the INR AUC0-144h, INRmax or INRtmax of warfarin.
5.1.2.7. Limitations of PD studies
No dedicated PD studies examined the primary PDs of selexipag/ACT-333679 in the target population.
6. [bookmark: _Toc464567923][bookmark: _Toc467079899]Dosage selection for the pivotal studies
The dosage regimen in the pivotal study was individual titration starting from 200 µg bd and increasing in weekly increments of 200 µg bd until the individual maximum tolerated dose was achieved, or up to a maximum of 1600 µg bd The sponsor has provided the rationale for the up-titration regimen, that up-titration to an individual patient’s highest tolerated dose was the generally accepted treatment regimen for prostacyclin receptor agonists as starting treatment with high doses of these compounds was associated with poor tolerability due to typical prostacyclin-associated pharmacological effects (for example, headache, diarrhoea, jaw pain, myalgia, flushing, and nausea). In addition, results from Phase I studies with selexipag showed that starting at lower doses and up-titrating improved tolerability.
Results from Phase I studies showed that the highest tolerated dose in healthy subjects was 1600 µg bd The starting dose of 200 µg bd in the pivotal study was based on safety and tolerability data from the Phase I Study QGUY/2006/NS304/-01, which showed a comparable tolerability profile of multiple doses of both 200 µg and 400 µg bd on initiation with the lower dose. Titration steps of 200 µg bd were introduced based on the understanding that the first up-titration step to 400 µg bd would result in a dose that had shown acceptable tolerability as a starting dose in Study QGUY/2006/NS304/-01.
Comments:	 The rationale for the dose selection and dosing regimen for the pivotal Phase III trial is sound. The sponsor has also confirmed that the 200 µg commercial dose formulation is identical to the 200 µg tablet used in the pivotal Study AC-065A302.
7. [bookmark: _Toc464567924][bookmark: _Toc467079900]Clinical efficacy
7.1. [bookmark: _Toc464567925][bookmark: _Toc436897266][bookmark: _Toc467079901]For the proposed indication 
Treatment of pulmonary arterial hypertension (PAH) in patients with WHO functional class II, III or IV symptoms
Support for the efficacy of selexipag for the proposed indication is based on the results of a single, long-term, pivotal Phase III study (AC-065A302/GRIPHON) in 1156 patients with symptomatic PAH. Additional supportive efficacy data is drawn from a Phase II, placebo-controlled study (NS-304/-02) and from an open-label, uncontrolled Phase II study in Japanese patients (AC-065A201). The sponsor has also provided an integrated summary of efficacy (ISE), which was composed of appendices (for example, statistical plans, tables and figures) referenced to in the Summary of Clinical Efficacy.
7.1.1. [bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290888500][bookmark: _Toc436897267]Pivotal efficacy study
7.1.1.1. [bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290888501][bookmark: _Toc436897268]Study GRIPHON (AC-065A302)
Study design, objectives, locations and dates
Study AC-065A302 was a multi-centre, randomised, double-blind, placebo-controlled, parallel-group, event-driven, Phase III study evaluating the efficacy and safety of selexipag (administered orally at an individualised dose in the range of 200–1600 µg bd) on morbidity and mortality in patients with symptomatic PAH. Subjects were randomised in a 1:1 ratio (stratified by site) to selexipag or placebo.
The study included a screening period (up to 28 days) followed by a treatment period from randomisation (Visit 1) to the end of study (EOS) visit (Figure 9). The treatment period started with a titration phase up to 12 weeks, followed by a maintenance phase, and concluded with an EOS visit within 4 weeks of study closure announcement. Study closure was announced by the sponsor once the overall target number of 331 Critical Event Committee (CEC)-confirmed morbidity/mortality (MM) events with onset date up to 7 days after last study drug intake was achieved. For patients who had a CEC-confirmed MM event or who prematurely discontinued study drug prior to study closure, the EOS visit occurred following the MM event or premature discontinuation. All patients who discontinued study drug prior to study closure announcement (with or without an MM event) had the option to enter a post-treatment observation period (PTOP) for the continued collection of MM data up to the post-treatment observation closure visit (PTOCV), which was to occur within 4 weeks following the announcement of study closure.
[bookmark: _Ref422997683][bookmark: _Toc436897473]Figure 9: AC-065A302/GRIPHON study design
[image: ]
Patients who had an EOS visit following a morbidity event confirmed by the CEC were eligible to join the open-label extension Study AC-065A303 (GRIPHON OL), an ongoing open-label, uncontrolled study to assess the long-term safety of selexipag[footnoteRef:12]. For patients who entered AC-065A303 after a CEC-confirmed morbidity event prior to the unblinding of AC-065A302, entry into AC-065A303 study was without knowledge of their study treatment allocation (selexipag or placebo) in AC-065A302. This was to preserve the integrity of the double-blind Study AC-065A302. Therefore, all patients started treatment in AC-065A303 with selexipag 200 µg bd (lowest dose), which was to be up-titrated until the individual maximum tolerated dose was achieved (Figure 10). This safety study was still ongoing at the time of this TGA submission. The Clinical Study Report (CSR) submitted for this application covers all efficacy data from Study AC-065A302, including all data from the AC-065A302 post-treatment observation period. Safety data in the CSR included all safety data in Study AC-065A302 (GRIPHON) and safety data of Study AC-065A303 (GRIPHON OL) up to the analysis cut-off date for GRIPHON OL of 10 March 2014. [12:  Except in Canada, France, the Netherlands, South Korea and the United Kingdom. In these countries, entry into Study AC-065A30e was to be limited to patients who had received study treatment until the end of Study AC065A302. For these patients on double-blind study treatment at study closure and willing to enter the open-label extension Study AC065A303, a treatment extension period (TEP) with continued double-blind treatment up to unblinding of the AC-065A302 database was available. The treatment-extension period was planned to be up to 3 months, from the EOS visit up to the End-of-Treatment-Extension (EOTE) visit following unblinding of the AC-065A302 database. The TEP did not collect efficacy information.] 

[bookmark: _Ref422997685][bookmark: _Toc436897474]Figure 10: AC-065A303/GRIPHON OL study design for patients who entered the OL study after a CEC-confirmed morbidity event in AC-065A302/GRIPHON
[image: ]
The primary objective of Study AC-065A302 was to demonstrate the effect of selexipag on time to first MM event in patients with PAH. The secondary objectives were to evaluate the effects of selexipag on exercise capacity and other secondary and exploratory efficacy endpoints in patients with PAH, and to evaluate the safety and tolerability of selexipag in patients with PAH. The objective of Study AC-065A303 was to assess the long-term safety and tolerability of selexipag in patients with PAH.
Study AC-065A302 was a multi-centre study where subjects were enrolled in a total of 181 centres in 39 countries across Asia, Australia, Europe, Latin America, and North America. The study start and end dates were 30 December 2009 (first patient, first visit) and 27 April 2014 (last patient, last visit in AC-065A302 treatment period), respectively.
7.1.1.2. Inclusion and exclusion criteria
Subjects enrolled in this study were males or females aged 18–75 years (inclusive), with a confirmed diagnosis of symptomatic PAH in modified NYHA/WHO Functional Class[footnoteRef:13] (FC) I to IV and with a 6-minute walk distance (6MWD) of between 50 and 450m (inclusive) at screening. The PAH aetiology was required to be within groups 1.1 to 1.4 of the Updated Dana Point 2008 Clinical Classification (that is, idiopathic PAH [iPAH], heritable PAH, drug or toxin induced PAH, or PAH associated with connective tissue disease [CTD], congenital heart disease with simple systemic-to-pulmonary shunt [at least 1 year after surgical repair], or HIV infection). The PAH diagnosis also had to be confirmed by haemodynamic evaluation by right heart catheterisation, performed at any time prior to screening, showing all of the following: resting mean pulmonary artery pressure (mPAP) ≥ 25 mmHg; pulmonary capillary wedge pressure (PCWP) or left ventricular end diastolic pressure (LVEDP) ≤15 mmHg; and resting pulmonary vascular resistance (PVR) at rest ≥ 400 dyn·s/cm5. Subjects with moderate to severe obstructive or restrictive lung disease, moderate to severe hepatic impairment, or severe renal insufficiency were excluded. [13:  Modified NYHA/WHO classification of functional status of patients with PAH: Class I- Patients with pulmonary hypertension in whom there is no limitation of usual physical activity; ordinary physical activity does not cause increased dyspnoea, fatigue, chest pain, or presyncope; Class II- Patients with pulmonary hypertension who have mild limitation of physical activity. There is no discomfort at rest, but normal physical activity causes increased dyspnoea, fatigue, chest pain, or presyncope; Class III- Patients with pulmonary hypertension who have a marked limitation of physical activity. There is no discomfort at rest but less than ordinary activity causes increased dyspnoea, fatigue, chest pain, or presyncope; Class IV- Patients with pulmonary hypertension who are unable to perform any physical activity at rest and who may have signs of right ventricular failure. Dyspnoea and/or fatigue may be present at rest and symptoms are increased by almost any physical activity.] 

Background PAH-specific therapy with approved endothelin receptor antagonists (ERA) and/or PDE-5 inhibitors (PDE-5i) was allowed if subjects had been on a stable dose for at least 3 months prior to the baseline visit, and the dose was to remain unchanged during study treatment up to Week 26 (Month 6). Treatment with stable doses of oral diuretics[footnoteRef:14], as well as any other treatment needed for PAH (including anticoagulant/antithrombotic medicines) was also allowed. Throughout the entire study period, the introduction of any new treatment for PAH (or increase in dose) without a CEC-confirmed MM event was strongly discouraged. Concomitant administration of prostacyclin (epoprostenol) or prostacyclin analogues (that is, treprostinil, iloprost, beraprost) was forbidden from 1 month prior to Baseline up to EOS Visit, with the exception of a single administration of IV/inhaled prostacyclin or analogues during a right heart catheterisation procedure. [14:  patients had to have been on a stable dose for at least 1 month prior to Baseline visit, and the dose was to remain unchanged during study treatment up to Week 26 (Month 6).] 

Comments:	The inclusion and exclusion criteria were in line with recommendations on the study population in the TGA-adopted EMA guidelines on the clinical investigation of medicinal products for the treatment of pulmonary arterial hypertension[footnoteRef:15]. The sponsor had provided the rationale for including patients in NYHA/WHO FC I and II as being to investigate the occurrence of clinical events in a population with less advanced disease. This rationale is sound. [15:  European Medicines Agency. Guidelines on the clinical investigation of medicinal products for the treatment of Pulmonary Arterial Hypertension. October 2009] 

	The PAH aetiological classification used in this study was that adopted during the fourth World Symposium on PAH held in 2008 in Dana Point, California[footnoteRef:16]. The aetiologies of PAH that were included in the study are appropriate and allowed evaluation of the intended target patient population. Overall, the study aimed to recruit adult patients (≥ 18 years) including elderly patients (up to 75 years inclusive) with symptomatic PAH who were naïve to or receiving PAH-specific treatment (ERAs and/or PDE-5i; excluding prostacyclin and prostacyclin analogues). [16:  Simonneau G, Robbins IM, Beghetti M, et al. Updated clinical classification of pulmonary hypertension. J Am Coll Cardiol vol. 54(1 Suppl):S43–54, 2009] 

7.1.1.3. Study treatments
Study drugs were film-coated tablets containing 200 µg selexipag or matching placebo. Study treatments were oral administration of selexipag or matching placebo 200, 400, 600, 800, 1000, 1200, 1400 or 1600 µg bd (with a dosing interval of approximately 12 hours), following an up-titration scheme (Table 22).
[bookmark: _Ref422997690][bookmark: _Toc436897477]Table 22: Study drug up-titration scheme in studies AC-065A302 and AC-065A303
[image: ]
Treatment with selexipag or matching placebo started at 200 µg bd and was up-titrated during the initial 12 weeks in weekly increments of 200 µg bd until the individual maximum tolerated dose (IMTD, up to a maximum of 1600 µg bd) for each patient was achieved. At each up-titration step, the investigator could decide not to further up-titrate the dose if, according to medical judgment, the patient could not tolerate the occurrence and severity of typical pharmacological effects of IP receptor agonists (for example, headache, diarrhoea, jaw pain, myalgia, flushing, and nausea) that could not be managed symptomatically. In such cases, the investigator was to reduce the dose by 200 µg bd, and the adjusted dose at Week 12 was defined as the maximum tolerated dose for the patient and continued during maintenance treatment. At Week 12, the IMTD for each patient was determined, and this dose was to be kept stable for the next 14 weeks (that is, from Week 12 onwards) up to the Week 26 assessment of the secondary endpoint of change in 6MWD. The individual maintenance dose (IMD) was defined as the selexipag or placebo matching selexipag dose to which each patient was exposed for the longest duration in the maintenance period, or for patients who did not enter the maintenance period, the highest tolerated selexipag or placebo-matching selexipag dose to which each patient was exposed during the titration period.
After Week 26, for patients with study drug dose < 1600 µg bd, investigators were allowed to further up-titrate the dose if needed, by 200 µg increments up to the maximum of 1600 µg bd, only at scheduled visits. Dose reduction was allowed at any time, if the investigator identified a tolerability concern for a patient.
For patients who entered AC-065A303 (GRIPHON OL) after a CEC-confirmed morbidity event prior to the unblinding of AC-065A302, entry into AC-065A303 study was without knowledge of their study treatment allocation (selexipag or placebo) in AC-065A302, in order to preserve the integrity of the double-blind study. These patients started treatment with selexipag 200 µg bd (lowest dose) in AC-065A303. The dose was to be up-titrated until the IMTD for an individual patient was achieved, as described in Table 22).
Comments:	 The study dose regimen of up-titration to an individual patient’s highest tolerated dose is appropriate, and has been previously discussed in this report. The study design involving a placebo control is appropriate and consistent with the recommendation of the TGA-adopted EMA guidelines on the clinical investigation of medicinal products for the treatment of pulmonary arterial hypertension.
7.1.1.4. Efficacy variables and outcomes
The primary efficacy endpoint was the time from start of treatment to first CEC-confirmed[footnoteRef:17] morbidity or mortality (MM) event up to 7 days after last study drug intake (that is, end of treatment [EOT] + 7 days). These MM events were defined as: death (all causes); hospitalisation for worsening of PAH based on predefined criteria[footnoteRef:18]; worsening of PAH resulting in need for lung transplantation or balloon atrial septostomy; initiation of parenteral (subcutaneous or intravenous) prostanoid therapy or chronic oxygen therapy[footnoteRef:19] due to worsening of PAH; disease progression (patients in modified NYHA/WHO FC II or III at baseline) confirmed by decrease in 6MWD from baseline (≥ 15%, confirmed by 2 tests on different days within 2 weeks) and worsening of NYHA/WHO FC; or disease progression (patients in modified NYHA/WHO FC III or IV at baseline) confirmed by decrease in 6MWD from baseline (≥ 15%, confirmed by 2 tests on different days within 2 weeks) and need for additional PAH-specific therapy[footnoteRef:20]. [17:  MM events were adjudicated by an independent CEC blinded to study treatment allocation and to the occurrence of any prostacyclin-associated AEs. The CEC consisted of three independent PAH experts, who were not involved as investigators in the study. ]  [18:  Hospitalisation for worsening of PAH based on predefined criteria was defined as any non-elective hospital stay (≥ 24 h) for worsening of PAH. Worsening of PAH included signs and symptoms of right heart failure (e.g. syncope or near syncope, cyanosis, increase of breathlessness, clinically relevant deterioration of exercise capacity, decrease of oxygen saturation, increased peripheral oedema, hepatomegaly, and ascites)]  [19:  Chronic oxygen therapy was defined as a continuous use (24 hours, 7 days per week) of oxygen, with the intention of maintaining the therapy long term]  [20:  Patients in NYHA/WHO FC III at baseline were qualified for both disease progression definitions. For patients in NYHA/WHO FC I at baseline, the disease progression component was not defined in the protocol. Sites which had enrolled patients with baseline NYHA/WHO FC I and the CEC were informed and instructed to respectively report and adjudicate disease progression events for these patients as per criteria applicable for NYHA/WHO FC II.] 

Study secondary efficacy endpoints were absolute change from Baseline to Week 26 in 6MWD measured at trough[footnoteRef:21]; absence of worsening from Baseline to Week 26 in NYHA/WHO FC; time from randomisation to first of CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to EOT + 7 days; time from randomisation to death of all causes up to study closure; absolute change from Baseline to Week 26 in the sub-scale ‘Breathlessness’ of CAMPHOR (Cambridge Pulmonary Hypertension Outcome Review) ‘Symptoms’ (at selected centres)[footnoteRef:22]; absolute change from Baseline to Week 26 in CAMPHOR ‘Symptoms’ score (at selected centres)[footnoteRef:23]. [21:  A 6-minute walk test (6MWT) at Week 26 was considered as “at trough” if the date of last selexipag administration prior to the 6MWT at Week 26 was the day before the date of the 6MWT at Week 26 or on the same date (and there was at least 12 hours between the last selexipag intake and the 6MWT). If the 6MWT at Week 26 corresponded to a 6MWT performed at a Clinical worsening event visit, the 6MWT was considered by default at trough.]  [22:  The CAMPHOR questionnaire has been developed to assess patient-reported outcome in patients with PAH. It consists of 3 sections (Symptoms, Activities, and Quality of Life). The symptom (impairment) score contains 25 negatively weighted items consisting of three sub-scales related to energy (10 items), breathlessness (8 items) and mood (7 items). The sub-scale “Breathlessness” of CAMPHOR “Symptoms” was defined as the sum of the “Breathlessness” items 11 to 18. It ranged from 0 (good) to 8 (poor).]  [23:  The CAMPHOR “Symptoms” score was defined as the sum of the “Symptoms” items 1 to 25. It ranged from 0 (good) to 25 (poor).] 

Exploratory efficacy endpoints were related to morbidity/mortality events, and absolute changes from Baseline over time up to EOS in 6MWD, NYHA/WHO FC, Borg dyspnoea index, plasma NT pro-brain natriuretic peptide (NT pro-BNP), and CAMPHOR score. The pharmacoeconomic endpoints were the annualised number of all-cause and PAH-related hospitalisations up to the EOS visit; annualised number of days spent in hospital up to the EOS visit; annualised number of days spent in hospital for PAH-related causes up to the EOS visit.
Comments:	 Overall, the primary and secondary endpoints of this study are appropriate and consistent with the TGA-adopted EMA guidelines on the clinical investigation of medicinal products for the treatment of pulmonary arterial hypertension, which recommended as primary efficacy endpoints time to clinical worsening and/or improvement in exercise capacity. The guidelines recommended that evaluation of efficacy should include endpoints of all-cause mortality, PAH-related morbidity (for example, PAH-related hospitalisation or deterioration in functional class), clinical symptoms (in terms of improvement in WHO/NYHA functional class) or exercise capacity (in terms of the 6MWT). Overall, the study primary endpoint allowed evaluation of all-cause mortality and PAH-related morbidity, while the study secondary endpoints of change from baseline in 6MWD, absence of worsening from baseline of NYHA/WHO FC, and change from baseline in CAMPHOR symptom score allowed evaluation of the effect of selexipag on exercise capacity and clinical symptoms. The definition of worsening PAH that included a decrease of at least 15% in the 6MWD from baseline confirmed by two 6MWTs performed on separate days was also in line with the above mentioned guidelines.
The sponsor has also provided the rationale for the composite primary endpoint; it was considered that this composite endpoint would represent clinically highly relevant outcomes for patients with a progressive disease such as PAH, was line with regulatory guidelines, and was agreed to by FDA in a Special Protocol Assessment. The morbidity and mortality events of the endpoint were chosen to reflect irreversible disease progression. The defined observation period of up to EOT + 7 days was chosen as the best to define the treatment effect of selexipag versus placebo, taking into account both the PK characteristics of the drug and the consideration that patients would be switched to other PAH therapies, including open-label selexipag, following the occurrence of a confirmed morbidity event. This rationale is sound.
7.1.1.5. Randomisation and blinding methods
Subjects were randomised in a 1:1 ratio to receive selexipag or matching placebo using a centralised randomisation system via Interactive Voice Recognition System (IVRS) or Interactive Web Recognition System (IWRS). Randomisation was stratified by site. A block size of 4 was used. This study was conducted in a double-blind fashion. The investigational drug and its matching placebo were indistinguishable and all medication bottles were identically packaged and labelled.
The investigator and study staff, the subjects, study monitors, and sponsor employees and contractors were blinded to study drug allocation.
7.1.1.6. Analysis populations
Several analysis sets were defined in the study. The Full Analysis Set (FAS) included all randomised patients, and patients were evaluated according to the study drug to which they were randomised. The per-protocol set (PPS) included all patients from the FAS who did not have defined protocol deviations. Patients were evaluated according to the study drug they were randomised to. The Safety analysis set (SAF) included all randomised patients who had received at least one dose of study drug in Study AC-065A302. Patients were evaluated according to the study drug they had received. If a patient had taken at least one dose of selexipag in Study AC-065A302, then she/he was assigned to the selexipag treatment group. The ophthalmological sub-study analysis set (OAS) included all patients in the Safety analysis set who participated in the ophthalmology sub-study[footnoteRef:24]. The Quality of Life (QoL) analysis set (QAS) included all patients in the FAS for whom a suitable language of the CAMPHOR questionnaire was available at his/her site. [24:  Eye disorders were identified as a safety topic of special interest on the basis of non-clinical findings of tortuosity and dilatation of retinal blood vessels in rats at the end of a 2-year carcinogenicity study. As a result, an ophthalmology sub-study was introduced in Global Protocol Amendment 3 of Study AC065A302. The safety assessments introduced in the sub-study included fundoscopy with digital pictures at the Baseline/Randomisation Visit, Month 12 and EOS Visit (or discontinuation of study drug treatment).] 

All main statistical analyses of all efficacy endpoints were based on the FAS. All statistical safety analyses were based on the SAF.
Comments:	The definitions of the analysis populations and the efficacy analyses on the FAS are in keeping with the TGA-adopted ICH E9 Statistical Principles for Clinical Trials, and with the intent-to-treat principle of efficacy analyses.
7.1.1.7. Sample size
Study AC-065A302 was designed to compare selexipag to placebo for the risk of occurrence of an MM event up to EOT + 7 days. It was initially estimated that a total of 202 CEC-confirmed MM events were needed to obtain an overall power of 90% for rejection of the null hypothesis (at 2-sided alpha of 0.01), assuming a hazard ratio of 0.5729 for selexipag versus placebo (that is, event rate reduction due to active treatment of 40%) over the estimated maximum study duration of 3.5 years. The originally assumed hazard ratio of 0.5729 was based largely on previous monotherapy studies with bosentan in patients with modified NYHA/WHO FC III-IV. Taking into account that the predominant enrolment in Study AC-065A302 was of patients in modified NYHA/WHO FC II and III and were on background PAH therapy, the estimated hazard ratio was later amended to 0.65 (that is, event rate reduction due to active treatment of 35%) in order to detect a smaller and still clinically relevant treatment effect. To detect this amended treatment effect without changing the protocol requirements for the Type-I and Type-II error rates, and to be within the study timelines, an increase of the number of CEC-confirmed MM events to 332 and of the sample size to 1150 patients was estimated to be required. This sample size calculation was based on the assumption that the yearly event rate in the placebo group was 20% (that is, hazard rate of 0.2231/year) and that the censoring rate (drop-out) was 5.1% per year constant over time in both treatment arms.
7.1.1.8. Statistical methods
Due to the sample size increase as described above, a group-sequential design with one interim analysis to be conducted by the Independent Data Monitoring Committee (DMC) after the originally projected 202 CEC-confirmed MM events (approximately 61% of the newly defined total number of events) was introduced, with options to recommend early stopping of the trial for futility or for compelling and robust efficacy at the interim analysis. The group-sequential design used a one-sided overall Type-I error probability fixed to α = 0.005, maximum information was specified as 331 first MM events confirmed by the CEC, and the one-sided Type-I error probability at the interim analysis was fixed to 0.00005 (Table 23).
[bookmark: _Ref422997733][bookmark: _Toc436897481]Table 23: Summary of group-sequential design, Study AC065A302
[image: ]
H0 = null hypothesis . The interim futility stopping rule was non-binding. If at the interim stage the observed Z-score was greater or equal to the efficacy stopping boundary for rejection of the null hypothesis (i.e. if Z-score ≥ 3.8906), the DMC could nevertheless recommend to continue the trial to its end (i.e. when 331 morbidity/mortality events had been confirmed by the CEC). In addition, the sponsor could also decide to continue the trial to its end despite the DMC recommendation to stop it at the interim stage
The change in the target hazard ratio was initially discussed with the FDA (Global Amendment 4 of the protocol). In order to eliminate any concern that the protocol changes based on Global Amendment 4 could be considered informed, MM events with a CEC-confirmed onset date up to 16 August 2011 were censored at the event onset date and were not considered as events in the primary analysis. Additional analyses on the primary efficacy endpoint including these MM events were done.
The null hypothesis for the primary endpoint was that there was no difference between selexipag and placebo for the risk of first occurrence of a CEC -confirmed MM event during treatment, with the period of evaluation defined as up to EOT + 7 days. Consistent with the nature of the endpoint, no imputation method was applied for missing data. The primary statistical analysis was performed on the FAS by a 1-sided unstratified log-rank test. Cox models were used to calculate the hazard ratio and 2-sided 99% confidence interval (CI) for the comparison of selexipag versus placebo. No adjustment for covariates was performed for the primary analysis. For a patient without a CEC-confirmed MM event up to EOT + 7 days, time to first CEC-confirmed MM event was defined using protocol-specified censoring rules[footnoteRef:25]. [25:  For randomised patients who received at least one intake of study drug and who did not consent to the post-treatment observation period (PTOP): minimum (date of last study drug intake in the AC-065A302 treatment period plus 7 days, EOS visit date, date of last contact, analysis cut-off date of AC-065A302 [i.e. 27 April 2014]) minus date of randomisation plus 1 day; for randomised patients who received at least one intake of study drug and who did consent to the PTOP: minimum (date of last study drug intake in the AC-065A302 treatment period plus 7 days, date of last contact, 27 April 2014) minus date of randomisation plus 1 day; for randomised patients who did not receive any study drug: minimum (maximum [EOS visit date, randomisation date], date of last contact, 27 April 2014) minus date of randomisation plus 1 day.] 

In case of rejection of the null hypothesis in the primary statistical analysis of the primary efficacy endpoint, the null hypotheses for the secondary efficacy endpoints were to be tested in a conditional hierarchical manner (following the order the secondary endpoints were listed). A null hypothesis was to be rejected if and only if the main analysis of the endpoint and all main analyses of the preceding secondary efficacy endpoints resulted in rejection of respective null hypotheses. For each secondary efficacy endpoint, the 1-sided significance level was set to 0.005 and 2-sided 99% CI was provided.
7.1.1.9. Participant flow
A total of 1156 patients (574 in the selexipag group versus 582 in the placebo group) were randomised, of whom 1152 (574 versus 578) received study treatment during the treatment period. Of the randomised patients, 285 patients (49.7%) in the selexipag group and 330 patients (56.7%) in the placebo group discontinued study drug and/or study prior to study closure, either with a CEC-confirmed MM event (selexipag: 155 patients, 27%; placebo: 242 patients, 41.6%), or without such an event (selexipag: 130, 22.6%; placebo: 88, 15.1%). Altogether, 113 (19.7%) and 137 (23.5%) patients in the selexipag and placebo groups, respectively, consented to participate in the PTOP, and 63 (11.0%) and 155 (26.6%) patients in the selexipag and placebo groups, respectively, were enrolled in the open-label extension Study AC-065A303. In Study AC-065A303 (data cut-off date: 10 March 2014), 36 patients (prior treatment allocation in AC-065A302: 4 selexipag, 32 placebo) discontinued the study and had an EOS visit. A total of 23 patients (selexipag) and 39 patients (ex-placebo) discontinued the study without having an EOS visit. The main reason for discontinuation without an EOS visit was death (19 patients [30.2%] selexipag, 36 patients [23.2%] ex-placebo).
A summary of the analysis population datasets and reasons for exclusions is presented in Tables 24 and 25). In each analysis set, the distribution of subjects across the treatments groups was generally comparable.
[bookmark: _Ref422997740][bookmark: _Toc436897483]Table 24: Overview of analysis sets, Study AC-065A302
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[bookmark: _Ref422997744][bookmark: _Toc436897484]Table 25: Reasons for exclusion from analysis sets, FAS, Study AC-065A302
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7.1.1.10. Major protocol violations/deviations
Overall, the proportion of subjects with significant protocol deviations was similar between treatment groups (6.4% [37/574] in the selexipag group versus 6.5% [38/582] in the placebo group).
Compliance with study treatment was assessed by study treatment accountability, which was performed by the site staff on the day of the visit before providing further study treatment, and was recorded in the Drug Accountability Log. Investigational medicinal product compliance of ˂ 80% at EOS visit was reported for 7.3% of patients in the selexipag group compared to 3.1% in the placebo group. Investigational medicinal product compliance > 120% at EOS visit was reported for 1.7% of patients in the selexipag group and 0.7% in the placebo group.
7.1.1.11. Baseline data
Baseline demographic characteristics were comparable between treatment groups in the FAS. The majority of patients in each treatment group were White (65.5% and 64.4% in the selexipag and placebo groups, respectively) and female (79.6% and 80.1%, respectively). The mean (standard deviation [SD]) age was 48.2 (15.19) and 47.9 (15.55) years, respectively. Baseline mean body mass index (BMI) was similar between treatment groups (mean [SD] BMI of 26.9 [6.40] and 26.7 [6.13], respectively).
Baseline disease characteristics were also generally comparable between treatment groups in the FAS. Overall, mean (SD) time since PAH diagnosis was 2.4 (3.62) years. Idiopathic PAH was the most common aetiology (56.1%), followed by PAH associated with connective tissue disease (28.9%) and congenital heart disease (9.5%). At baseline, patients were predominantly in NYHA/WHO FC II (45.8%) and FC III (52.5%). Mean (SD) 6MWD at baseline was 353.2 (80.01) m. The majority of patients (80.5% in selexipag group and 78.7% in placebo group) had concomitant PAH-specific medication at baseline. The majority were on concomitant treatment at baseline with a PDE-5i monotherapy (reported for 32.9% and 31.8% of patients in the selexipag and placebo groups, respectively) or combined PDE-5i plus ERA therapy (31.2% and 33.8%, respectively). The proportions of patients who were receiving concomitant ERA monotherapy at baseline were 16.4% and 13.1% in the selexipag and placebo groups, respectively.
Comments:	 Overall, the baseline demographic and disease characteristics were comparable between treatment groups, and were generally consistent with the target patient population. Epidemiologic data had suggested that the worldwide prevalence of PAH may be up to 15 per million, with a prevalence of idiopathic PAH of about 6 per million (that is, accounting for about 40% of PAH)[footnoteRef:26],[footnoteRef:27]. Idiopathic PAH is about 2 times as common in women as in men, and with a mean age at diagnosis of about 37 years, although onset of symptoms can occur at any age. The sample size of patients with NYHA/WHO FC IV was small (N=11; selexipag: n=3, placebo: n=8). This may impact the evaluation of efficacy and safety in these subgroups of patients. This will be discussed in Section 9.3 of this report. [26:  American Heart Association, ACCF/AHA 2009 Expert Consensus Document on Pulmonary Hypertension. Circulation, 119:2250-2294, 2009]  [27:  Farber HW, Loscalzo J, Pulmonary Arterial Hypertension. New England Journal of Medicine, 351:1655-65, 2004] 

7.1.1.12. Results for the primary efficacy outcome
As described in above, MM events with a CEC-confirmed onset date up to 16 August 2011 were not considered in the primary analysis[footnoteRef:28]. Excluding these events, a CEC-confirmed MM event up to EOT + 7 days was recorded for 140 (24.4%) patients in the selexipag group compared to 212 (36.4%) patients in the placebo group. In the time-to-event analysis, the hazard ratio for selexipag versus placebo for the occurrence of an MM event was 0.61 (99% CI: 0.46, 0.81), with 1-sided unstratified log-rank p-value of ˂ 0.0001 (that is, lower than the nominal alpha according to the group-sequential design). The corresponding relative risk reduction with selexipag versus placebo was 39%. The absolute risk reduction was 15.8% at 3 years. [28:  Overall, 47 CEC-confirmed MM events in 47 patients (16 in selexipag group and 31 in placebo group) were initially excluded. Subsequently, 2 of the 47 patients (1 in each group) had a CEC-confirmed MM event after 16 Aug 2011. Therefore 45 patients were actually censored for the primary analysis. The patients contributed information up to the event (time of censoring).] 

The Kaplan-Meier (KM) curves of the first MM event in the FAS are presented in Figure 11. The curves showed that the treatment effect of selexipag on the primary endpoint appeared to be established early, with the separation in the curves between selexipag and placebo observed by Month 6 and was sustained for the duration of the treatment.
[bookmark: _Ref422997761][bookmark: _Toc436897490]Figure 11: Kaplan-Meier estimates of time from randomisation to first CEC-confirmed MM event up to 7 days after last study drug intake in AC-065A302 treatment period (Events with CEC-confirmed onset date up to 16 Aug 2011 are not included as events), FAS, Study AC065A302
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In the analysis that included events with CEC-confirmed onset date up to 16 August 2011, a CEC-confirmed MM event up to EOT + 7 days was recorded for 155 (27.0%) patients in the selexipag group compared to 242 (41.6%) patients in the placebo group. In the time-to-event analysis, the hazard ratio for selexipag versus placebo for the occurrence of an MM event was 0.60 (99% CI: 0.46, 0.78; 1-sided unstratified log-rank p ˂ 0.0001). The corresponding relative risk reduction with selexipag versus placebo was 40%. The absolute risk reduction was 16.5% at 3 years. The KM curves of the first MM event in the FAS for this analysis that included events with CEC-confirmed onset date up to 16 August 2011 are presented in Figure 12 and results are consistent with the primary analysis.
[bookmark: _Ref422997766][bookmark: _Toc436897492]Figure 12: Kaplan-Meier estimates of time from randomisation to first CEC-confirmed MM event up to 7 days after last study drug intake in AC-065A302 treatment period, analysis including CEC-confirmed MM events up to 16 August 2011, FAS, Study AC065A302
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The sponsor has stated that as the results for the primary endpoint with and without censoring of CEC-confirmed MM events up to 16 August 2011 were very similar, all CEC-confirmed MM events were taken into consideration for all sensitivity and subgroup analyses of the primary endpoint, as well as for all secondary and exploratory time-to-event endpoints.
7.1.1.13. Results for other efficacy outcomes
Other analysis on the primary efficacy endpoint
Analysis of the primary efficacy endpoint in the per-protocol set
The results of the analysis of the primary endpoint in the per-protocol set were consistent with those in the FAS (Figure 13). The hazard ratio for selexipag versus placebo for the occurrence of an MM event in the per-protocol set was 0.58 (99% CI: 0.44, 0.76, 1-sided unstratified log rank p ˂ 0.0001). The corresponding relative risk reduction with selexipag versus placebo in the per-protocol set was 42%.
[bookmark: _Ref422997768][bookmark: _Toc436897493]Figure 13: Kaplan-Meier estimates of time from randomisation to first CEC-confirmed MM event up to 7 days after last study drug intake, Per-Protocol Set, Study AC065A302
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Components of the primary efficacy endpoint
In the FAS, the commonest first-reported morbidity or mortality event in all treatment groups was hospitalisation for PAH worsening (13.6% of patients in the selexipag group versus 18.7% in the placebo group), followed by disease progression (6.6% versus 17.2%) and death (all causes) (4.9% versus 3.1%).
Sensitivity analyses
The sensitivity analyses of the primary endpoint, based on variation of the endpoint definition and/or population analysed, yielded results consistent with those of the main analysis, showing a reduced risk of MM event during treatment with selexipag compared to placebo (Table 26).
[bookmark: _Ref422997773][bookmark: _Toc436897495]Table 26: Summary of results of the supportive analyses to the primary endpoint, Study AC065A302
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Subgroup analyses
Analyses of the occurrence of a first MM event in the treatment groups across the subgroups of gender, race/ethnicity, PAH therapy at baseline, PAH aetiology at baseline, NYHA/WHO FC at baseline, age at screening, and geographical region yielded results that were generally consistent with those in the overall study population (Figure 14).
[bookmark: _Ref422997776][bookmark: _Toc436897496]Figure 14: Time from randomisation to first CEC-confirmed MM event up to EOT + 7 days– forest plot for subgroup analyses, FAS, Study AC065A302
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The p-values for the interaction tests did not show any statistically significant heterogeneity of the treatment effect (selexipag versus placebo) across the subgroups. Of particular note, analyses on the effect of selexipag across subgroups of background PAH therapy showed that the benefit versus placebo observed on selexipag given as add-on to ongoing ERA monotherapy, PDE-5i monotherapy or double therapy with ERA plus PDE-5 inhibitor, was similar to that of selexipag used as monotherapy. Outcomes were also stable across subgroups of PAH aetiology.
It is noted that there was an apparent neutral effect on the primary study endpoint in the Asian patient subgroup (HR of 0.99). The sponsor had explored this further and found that although there were some differences in baseline demographic and disease characteristics between Asian and non-Asian subgroup populations (the Asian patients were generally younger [median age of 38 years in the selexipag group and 34 years in the placebo group versus 52 years in both groups in the non-Asian population], and had less severe PAH disease as assessed by NYHA/WHO FC [35.7% and 41.6% of Asian patients in the selexipag and placebo groups, respectively, were in FC III, compared to 54.9% and 56.9%, respectively, for the non-Asian population]), no single factor could be identified to explain the apparent lower efficacy of selexipag in Asian patients compared to non-Asian patients. The duration of exposure to study drug was comparable between Asian and non-Asian populations. In addition, it was noted that for the primary efficacy endpoint, the KM estimate for event-free survival in the selexipag arm up to Month 30 was similar between patients in the Asian (61.1%) and non-Asian (62.1%) regions, while in the placebo arm, the KM estimates were 60.4% and 46.8%, respectively, suggesting that the observed primary efficacy endpoint results were largely due to differences in the placebo groups between the Asian and non-Asian subpopulations. In view of these findings, the sponsor had concluded that the results were likely to represent random variation. The evaluator is of the opinion that this conclusion is rational.
The sponsor had also performed an exploratory, prospectively planned analysis on the primary efficacy endpoint by individual maintenance dose (IMD) categories, excluding patients randomised to selexipag with IMD = 0 (that is, patients who only received the initial selexipag 200 µg dose during the titration period and discontinued at this dose) or ‘other’ (that is, patients who were treated according to a regimen that differed from the bd dosing regimen). Results showed comparable effects across the IMD categories (Figure 15). The hazard ratios for the selexipag IMD categories 200–500 µg (that is, 200-<600 µg), 600–1100 µg (that is, 600-<1200 µg), and 1200–1600 µg bd versus placebo were 0.60 (95% CI: 0.41, 0.88; 1-sided unstratified log-rank p = 0.0038), 0.53 (95% CI: 0.38, 0.72; 1-sided unstratified log-rank p ˂ 0.0001), and 0.64 (95% CI: 0.49, 0.82; 1-sided unstratified log rank p = 0.0002), respectively. The sponsor considered these findings as supporting the rationale for the dosing strategy employed in the study and proposed in the prescribing information, of up-titration to the individual maximum well-tolerated dose.
[bookmark: _Ref422997778][bookmark: _Toc436897497]Figure 15: Kaplan-Meier estimates of time from randomisation to first CEC-confirmed MM event up to 7 days after last study intake by selexipag IMD, FAS (excluding patients randomised to selexipag with IMD = 0 or “other”), Study AC065A302
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Analyses of number-needed-to-treat
Analysis of the number-needed-to-treat (NNT) was done as the sponsor considered that the NNT could reflect the absolute risk reduction of selexipag versus placebo, on top of allowed background medication, and would complement the main analysis of the relative risk reduction. The NNT was 8.0 (95% CI: 5.7, 13.6) at 1 year and 7.1 (95% CI: 4.8, 13.5) at 2 years, suggesting that 7 patients needed to be treated in the selexipag group in order to prevent one MM event in up to 2 years as compared to placebo.
Secondary and exploratory efficacy endpoints
Secondary and exploratory endpoints on 6MWD
Median absolute change from Baseline to Week 26 in 6MWD measured at trough (secondary endpoint) was 4.0 m in the selexipag group and −9.0 m in the placebo group (. The treatment effect of selexipag versus placebo in the median change in 6MWD from Baseline to Week 26 was 12.0 m (99% CI: 1, 24; 1-sided Wilcoxon-Mann-Whitney p = 0.0027). Subgroup analyses of the absolute change from Baseline to Week 26 in 6MWD at trough showed that there was no statistically significant heterogeneity of treatment effects across subgroups based on the interaction tests.
Analyses of change in 6MWD over time at trough (exploratory endpoints) showed that median absolute changes from baseline in 6MWD measured at trough in the selexipag versus placebo groups at Week 8 were 8.0 versus 7.0 m, Week 16 (10.0 versus 4.0 m), Week 26 (16.0 versus 6.0 m), Month 12 (16.0 versus 5.0 m), Month 18 (18.0 versus 3.0 m), Month 24 (18.5 versus 5.0 m), Month 30 (26.0 versus 13.5 m), and at Month 36 (6.0m versus 15.0m) (Figure 16). The median absolute change from Baseline to EOT (corresponding to each individual patient’s EOS visit) in 6MWD measured at trough was 3.0 m in the selexipag group compared to −12.0 m in the placebo group.
[bookmark: _Ref422997787][bookmark: _Toc436897501]Figure 16: Absolute change from Baseline to regular visits in 6MWD at trough, FAS, Study AC065A302
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Secondary and exploratory endpoints on NYHA/WHO Functional Class
Absence of worsening from Baseline in NYHA/WHO FC at Week 26 (secondary endpoint) was reported for 77.8% of patients in the selexipag group and 74.9% in the placebo group. The common odds ratio for the effect of selexipag relative to placebo was 1.16 (99% CI: 0.811, 1.664; 2-sided Breslow-Day p = 0.1916). In the various subgroups of patients with concomitant PAH-specific therapies (ERA monotherapy, PDE-5i monotherapy, ERA plus PDE-5i), the proportion of patients with absence of worsening from baseline in NYHA/WHO FC at Week 26 was generally comparable between selexipag and placebo. In the subgroup of patients who had no concomitant PAH-specific therapy at baseline (that is, treatment naïve), absence of worsening from baseline in NYHA/WHO FC at Week 26 was reported for 83.0% and 67.7% of patients in the selexipag and placebo groups, respectively (common odds ratio for the effect of selexipag relative to placebo: 2.30 [99% CI: 1.01, 5.25; 2-sided Breslow-Day p = 0.7287]).
In the analysis of the absence of worsening from Baseline in NYHA/WHO FC over time (exploratory endpoints), it was observed that from Week 8 onwards, the proportion of patients with absence of worsening from Baseline in NYHA/WHO FC was higher in the selexipag group compared to the placebo group at all-time points except at Week 26 (93.5% in both groups) and Month 24 (87.9% with selexipag versus 87.3% with placebo) (Figure 17).
[bookmark: _Ref422997792][bookmark: _Toc436897503]Figure 17: Change from Baseline in modified NYHA/WHO FC at regular visits, FAS (excluding patients with baseline FC IV), FAS, Study AC065A302
(i) absence of worsening from baseline in modified NYHA/WHO FC
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(ii) improvement from baseline in modified NYHA/WHO FC, and worsening in modified NYHA/WHO FC from baseline
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Absence of worsening from Baseline in NYHA/WHO FC at EOT (corresponding to individual patient’s EOS visit) was reported for 84.9% and 72.1% of patients who had non-missing baseline and EOS assessments in the selexipag and placebo groups, respectively. The proportion of patients with improvement from Baseline in NYHA/WHO FC was mostly higher in the selexipag group compared to the placebo group from Week 4 up to Month 36, and the proportion of patients who had worsened NYHA/WHO FC compared to Baseline was mostly lower in the selexipag group than in the placebo group from Week 8 up to Month 36.
Secondary endpoint of death due to PAH or hospitalisation for PAH worsening
Analyses on the time from randomisation to first event of death due to PAH or hospitalisation for PAH worsening up to EOT + 7 days (secondary endpoint) showed that a total of 102 (17.8%) patients in the selexipag group and 137 (23.5%) patients in the placebo group died due to PAH or were hospitalised due to PAH worsening up to 7 days after last study drug intake. The hazard ratio for selexipag versus placebo for the first occurrence of death due to PAH or hospitalisation due to PAH worsening up to EOT + 7 days was 0.70 (99% CI: 0.50, 0.98; 1-sided unstratified log-rank p = 0.0031) (Figure 18). The corresponding relative risk reduction on selexipag versus placebo was 30%.
[bookmark: _Ref422997795][bookmark: _Toc436897505]Figure 18: Kaplan-Meier estimates of time from randomisation to first occurrence of CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to 7 days after last study drug intake, FAS, Study AC065A302
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The proportion of patients with hospitalisation due to PAH worsening was 15.0% in the selexipag group compared to 21.1% in the placebo group. The proportion of patients who died due to PAH as first event was 2.8% in the selexipag group compared to 2.4% in the placebo group. The subgroup analyses for the time from randomisation to first of CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to EOT + 7 days showed that the observed treatment effect was generally consistent across subgroups (Figure 19).
[bookmark: _Ref422997799][bookmark: _Toc436897507]Figure 19: Time from randomisation to first CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to 7 days after last study drug intake- forest plot for subgroup analyses, FAS, Study AC065A302
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Analyses on the time from randomisation to first event of death due to PAH or hospitalisation due to PAH worsening up to study closure (exploratory endpoint) showed similar results. A total of 131 (22.8%) patients in the selexipag group compared to 168 (28.9%) patients in the placebo group had a first occurrence of death due to PAH or hospitalisation due to PAH worsening up to study closure. The hazard ratio for selexipag versus placebo for the occurrence of death due to PAH or hospitalisation due to PAH worsening up to study closure was 0.76 (95% CI: 0.60, 0.95; 1-sided unstratified log-rank p = 0.0081). The corresponding relative risk reduction with selexipag versus placebo was 24% (Figure 20).
[bookmark: _Ref422997802][bookmark: _Toc436897508]Figure 20: Kaplan-Meier estimates of time from randomisation to first occurrence of CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to Study closure, FAS, Study AC065A302
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Death-related endpoints
Analyses on the time from randomisation to death (all causes) up to study closure (secondary endpoint) showed that a total of 100 (17.4%) and 105 (18.0%) patients in the selexipag and placebo groups, respectively, died up to study closure. The hazard ratio for selexipag versus placebo for the time to death of all causes up to study closure was 0.97 (99% CI: 0.68, 1.39; 1-sided unstratified log-rank p = 0.4214).
Analyses on the time from randomisation to death due to PAH up to study closure (exploratory endpoint) showed that a total of 70 (12.2%) patients in the selexipag group compared to 83 (14.3%) patients in the placebo group had a CEC-confirmed death due to PAH up to study closure. The hazard ratio for selexipag versus placebo for the occurrence of a CEC-confirmed death due to PAH up to study closure was 0.86 (95% CI: 0.63, 1.18; 1-sided unstratified log-rank p = 0.1763).
Analyses on the time from randomisation to death due to PAH up to EOT + 7 days (exploratory endpoint) showed that a total of 33 (5.7%) patients in the selexipag group compared to 27 (4.6%) patients in the placebo group had a CEC-confirmed death due to PAH up to EOT + 7 days. The hazard ratio for selexipag versus placebo for the occurrence of a CEC-confirmed death due to PAH up to EOT + 7 days was 1.16 (95% CI: 0.70, 1.93; 1-sided unstratified log-rank p = 0.7153).
Quality of Life endpoints (CAMPHOR questionnaire)
The Cambridge Pulmonary Hypertension Outcome Review (CAMPHOR) questionnaire, consisting of 3 sections: Symptoms (with sub-scales related to Energy, Breathlessness, and Mood), Activity, and QoL, was used to assess PAH-specific Quality of Life (QoL). The CAMPHOR ‘Symptoms’ score could range from 0 (good) to 25 (poor). Scores of the sub-scale ‘Breathlessness’ of the CAMPHOR ‘Symptoms’ section could range from 0 (good) to 8 (poor). Results showed that the median absolute changes from Baseline to Week 26 in CAMPHOR ‘Symptoms’ score (secondary endpoint) were −1.0 in the selexipag group and 0.0 in the placebo group. The treatment effect of selexipag versus placebo was 0.0 (99% CI: −1.0, 1.0; p = 0.2185). The median absolute changes from Baseline to Week 26 in the sub-scale ‘Breathlessness’ of CAMPHOR ‘Symptoms’ score (secondary endpoint) was 0.0 in both treatment groups. The treatment effect of selexipag versus placebo was 0.0 (99% CI: −0.4, 0.0; p = 0.1700).
The analyses of the exploratory endpoints of the absolute change from Baseline to all regular visits in the CAMPHOR ‘Symptoms’ score showed similar results. Median absolute change from Baseline to EOT (corresponding to individual patient’s end of study visit) was 0.0 in the selexipag group and −0.4 in the placebo group. Analyses of the exploratory endpoints of absolute change from Baseline to all regular visits in the ‘Breathlessness’ sub-scale score also showed similar results. Median absolute change from Baseline to EOT (corresponding to individual patient’s end of study visit) was 0.0 in both treatment groups.
Other exploratory endpoints
Analyses on the endpoint of time from randomisation to first MM event up to study closure showed that a total of 185 (32.2%) patients in the selexipag group compared to 258 (44.3%) patients in the placebo group had a MM event up to study closure. The hazard ratio for selexipag versus placebo was 0.65 (95% CI: 0.54, 0.79; 1-sided unstratified log-rank p ˂ 0.0001).
Analyses on the endpoint of time from randomisation to first MM event (excluding ‘disease progression’) up to EOT +7 days showed that a total of 125 (21.8%) patients in the selexipag group compared to 161 (27.7%) in the placebo group had a MM event (excluding ‘disease progression’) up to EOT +7 days. The hazard ratio for selexipag versus placebo was 0.73 (95% CI: 0.58, 0.92; 1-sided unstratified log-rank p = 0.0037).
Analyses on the endpoint of time from randomisation to first MM event (excluding ‘disease progression’) up to study closure showed that a total of 166 (28.9%) patients in the selexipag group compared to 199 (34.2%) patients in the placebo group had a MM event (excluding ‘disease progression’) up to study closure. The hazard ratio for selexipag versus placebo was 0.80 (95% CI: 0.65, 0.99; 1-sided unstratified log-rank p = 0.0189).
Analyses on the endpoint of time from randomisation to first MM event (excluding ‘disease progression’ and ‘initiation of parenteral prostanoid therapy or chronic oxygen therapy due to worsening of PAH’) up to EOT +7 days showed that a total of 117 (20.4%) patients in the selexipag group compared to 146 (25.1%) patients in the placebo group had such a MM event up to EOT +7 days. The hazard ratio for selexipag versus placebo was 0.75 (95% CI: 0.59, 0.96, 1-sided unstratified log-rank p = 0.0107).
Analyses on the endpoint of time from randomisation to first MM event (excluding ‘disease progression’ and ‘initiation of parenteral prostanoid therapy or chronic oxygen therapy due to worsening of PAH’) up to study closure showed that a total of 157 (27.4%) patients in the selexipag group compared to 186 (32.0%) patients in the placebo group had such a MM event up to study closure. The hazard ratio for selexipag versus placebo was 0.82 (95% CI: 0.66, 1.01, 1-sided unstratified log-rank p = 0.0322).
Analyses of the endpoint of the Borg dyspnoea index[footnoteRef:29] at scheduled visits showed that over time, no change in Borg dyspnoea index was observed in both treatment groups. At baseline, median score was 3.0 in both groups. At EOT (corresponding to individual patient’s EOS visit), the median score was 3.0 in the selexipag group and 4.0 in the placebo group. [29:  The Borg dyspnoea index rates dyspnoea severity on a scale from 0 (no shortness of breath) to 10 (very, very severe shortness of breath).] 

Analyses of the absolute change from baseline to regular visits in plasma NT pro-BNP (a biomarker for cardiac overload) showed that starting from Week 4, curves for selexipag and placebo separated with no consistent increase in median NT pro-BNP in the selexipag group over the course of the study while the placebo group showed a consistent trend for increase at each post-baseline visit (Figure 21). The absolute change from baseline to EOT (corresponding to individual patient’s EOS visit) in median plasma NT pro-BNP was 5.5 ng/L (range: −4790 to 10873 ng/L) in the selexipag group compared to 75.0 ng/L (range: −7309 to 41586 ng/L) in the placebo group.
[bookmark: _Ref422997817][bookmark: _Toc436897513]Figure 21: Absolute change from baseline to regular visits in plasma NT pro-BNP, FAS, Study AC065A302
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Pharmacoeconomic endpoints looking at the annualised number of all-cause and PAH-related hospitalisations up to the EOS visit showed that the (group-level) mean annualised number of hospitalisations for all causes up to the EOS visit was 0.40 in the selexipag group and 0.42 in the placebo group. Based on a negative binomial model, the relative reduction in mean annualised number of hospitalisations for all causes in the selexipag group compared to placebo was 0.92 (99% CI: 0.69, 1.22; p = 0.4378). The (group-level) mean annualised number of PAH-related hospitalisations up to the EOS visit was 0.17 in the selexipag group compared to 0.21 in the placebo group. Based on the negative binomial model, the relative reduction in mean annualised number of PAH-related hospitalisations in the selexipag group compared to placebo was 0.80 (99% CI: 0.55, 1.16; p = 0.1256).
Pharmacoeconomic endpoints looking at annualised number of days spent in hospital for all causes and for PAH-related causes up to the EOS visit showed that the medians for annualised number of days spent in hospital for all causes up to the EOS visit were 0 for both treatment groups and the upper quartile (Q3) was 5.2 days in the selexipag group compared to 6.7 days in the placebo group (1-sided Wilcoxon-Mann-Whitney p-value=0.2213). The medians for annualised number of days spent in hospital for PAH-related causes up to the EOS visit were also 0 for both treatment groups and the upper quartile (Q3) was 0 day in the selexipag group compared to 0.9 day in the placebo group(1-sided Wilcoxon-Mann-Whitney p-value = 0.0525).
7.2. [bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290888503][bookmark: _Toc436897269][bookmark: _Toc464567926][bookmark: _Toc241374311][bookmark: _Ref243294291][bookmark: _Toc467079902]Other efficacy studies
7.2.1. [bookmark: _Toc436897270]Study NS-304/-02
Study NS-304/-02 was a multicentre[footnoteRef:30], multinational Phase IIa study, with an open-label, single-dose, acute haemodynamic period followed by a randomised, double-blind, placebo-controlled period to assess the safety, tolerability, pharmacokinetics, and preliminary efficacy (proof-of-concept) of selexipag (ACT-293987) in the treatment of PAH in subjects aged 18 years and above. The primary objective of the acute haemodynamic period was to evaluate the effect of the drug on right heart catheterisation parameters (pulmonary vascular resistance [PVR], systemic vascular resistance [SVR], and PVR/SVR) after a single oral dose of selexipag. The primary objective of the randomised, placebo-controlled, double-blind study was a proof-of-concept assessment of the efficacy (change in PVR from baseline at Week 17) of selexipag as add-on therapy in PAH patients compared with placebo. The secondary objective was to assess efficacy using the 6MWT, the proportion of patients with aggravation of PAH, and right heart catheterisation parameters other than PVR. The tertiary objective was to assess efficacy using NYHA FC, Borg dyspnoea score, plasma NT pro-BNP concentration, and echocardiographic parameters. Study start and end dates were 16 April 2008 (first patient, first visit) and 23 June 2009 (last patient, last visit), respectively. [30:  Seven centres in Europe (one centre per country in Austria, Belgium, France, Germany, Hungary, Italy, and Poland)] 

The study design included two periods: an open-label, single-dose, acute haemodynamic testing period followed by a randomised, double-blind, placebo-controlled, parallel-group treatment period (Figure 22).
[bookmark: _Ref422997820][bookmark: _Toc436897515]Figure 22: Study design, study NS-304/-02
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The study consisted of a screening visit (within 28 days before acute haemodynamic testing), acute haemodynamic testing following a single dose of selexipag, and a 21-week double-blind treatment period. Patients had the option to continue in a following open-label extension study, and those who did not continue were followed up 30 days after the last visit. In the acute haemodynamic period, patients were admitted to hospital, underwent right heart catheterisation, and were administered a single, oral dose of selexipag on Day 0. Haemodynamic parameters were assessed pre-dose and at 1, 2, 3 and 4 hours after dosing, and safety and tolerability continually monitored. The first 12 patients were to receive a 200 µg dose. After the first 12 patients had completed the acute haemodynamic testing, the investigators and the sponsor’s medical monitor were to decide whether it was acceptable to increase the single dose to 400 µg for the remaining patients.
In the double-blind treatment period, patients started the double-blind treatment (randomised in a 3:1 ratio [selexipag: placebo]) on Day 1, with no wash-out period from acute testing. Patients were initially administered selexipag 200 µg bd or matching placebo and were up-titrated over the first 35 days to find his or her maximum tolerated dose (MTD or ‘final optimised dose’). If the initial 200 µg dose was well tolerated, the dose was to be up-titrated to 400 µg bd on Day 3, followed by 600 µg bd on Day 7, and then 800 µg bd (the highest possible dose in this study) on Day 21. Up-titrations could be delayed, depending on the tolerability of the dose. However, the dose reached by Visit 4 (Day 35 ± 3 days) was to be maintained until the end of the study. The dose could be temporarily reduced at any time at the discretion of the investigator if adverse events persisted, but the dose was to be stable for at least 4 weeks before evaluation at Visit 7 (Week 17).
Post-study, patients who completed the double-blind period of the study up to Week 17 were able to enter an open-label extension safety study (separate protocol NS-304/-03) and continue to receive or initiate treatment with selexipag, if the investigator considered it appropriate. Patients who withdrew from the study prematurely or otherwise did not enter the open- label extension study had a follow-up visit 30 days after the last study visit during which all end-of-study (EOS) assessments were performed along with right heart catheterisation and echocardiography, if possible.
During the open-label extension study, patients on selexipag in the double-blind study were to continue to receive their optimised dose, while those on placebo were to undergo up-titration over the first 35 days to find his or her MTD starting with 200 µg bd on D1, following the up-titration schedule as described above. Once the MTD had been reached, subjects would be maintained on this dose for the duration of the study. The total duration of treatment in the open-label extension study would be at least 24 weeks. The dose can be reduced at the discretion of the investigator if adverse events persisted. Patients who were continuing in the extension study were unblinded on a patient-by-patient basis, when that patient’s Week-17 data were fixed and locked. Patients could transition to the open-label extension study at any time between Week17 (Visit 7) and Week 21 (Visit 8) after treatment was unblinded. This open-label extension Study NS-304/-03 was ongoing at the time of this TGA submission. Safety data up to the analysis cut-off date of 10 March 2014 was included in the safety analysis for this submission, although the study protocol and CSR of Study NS-304/-03 was not provided separately in this submission; the sponsor has instead provided, in the summary of clinical safety, pooled safety data of 4 studies which included Study NS-304/-03 (Studies AC-065A302 [GRIPHON], AC-065A303 [GRIPHON OL], NS-304/-02 and NS-304/-03).
Study entry criteria were male or female, ≥ 18 years of age with symptomatic PAH[footnoteRef:31] despite treatment with anticoagulants, calcium channel blockers, diuretics, cardiac glycosides, supplemental oxygen, ERAs, and/or PDE-5 inhibitors[footnoteRef:32] and having a PVR > 400 dyn·s/cm5 and two 6-min walk tests between 150 and 500 m (inclusive) and with the variation between the two tests within ± 15%. Patients were included if they had as aetiology of PAH: idiopathic PAH, familial PAH, or PAH associated with collagen vascular disease, corrected congenital vitium (congenital systemic-to-pulmonary shunts surgically repaired at least 5 years before), or anorexigen use. Patients were excluded if they had PAH associated with portal hypertension, HIV infection, or unrepaired congenital systemic-to-pulmonary shunt. Patients with NYHA FC IV were also excluded. [31:  Diagnosis of PAH should have been established according to the following criteria: resting mPAP > 25 mmHg; PVR > 240 dyn·s/cm5; PCWP or left ventricular end diastolic pressure < 15 mmHg.]  [32:  ERAs and PDE-5 inhibitors had to have been used at a stable dose for more than 12 weeks before screening.] 

Primary efficacy endpoint for the acute haemodynamic period was the change in PVR from baseline to 4 hours after the single selexipag dose. Primary efficacy endpoint for the double-blind treatment period was the change in PVR from baseline to Week 17. Secondary efficacy endpoints were the change in 6MWD from baseline to Week 17; the proportion of patients with aggravation of PAH; changes in right heart catheterisation parameters other than PVR from baseline to Week 17. Tertiary endpoints were changes from baseline to Week 17 in NYHA FC, Borg dyspnoea score, plasma NT pro-BNP concentration and echocardiography parameters.
Overall, 44 patients (33 in selexipag group and 11 in placebo group) were planned and 43 patients were randomised (33 were treated with selexipag, and 10 patients received placebo). All patients received the single dose of selexipag for acute haemodynamic testing and all patients also received double-blind (DB) study treatment. A total of 39 patients (31 had received selexipag and 8 had received placebo in the core study) participated in the open-label extension safety Study NS-304/-03.
An overview of the study analysis sets is presented in Table 27.
[bookmark: _Ref422997847][bookmark: _Toc436897519]Table 27: Overview of analysis sets, all-enrolled set, study NS-304/-02
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All-treated HD set – included all patients who received study drug (i.e. at least one tablet) during the acute haemodynamic period of the study; Safety HD set – included all patients who received study drug (i.e. at least one tablet) during the acute haemodynamic period of the study and had at least one safety assessment post baseline during the acute haemodynamic period of the study; Per-protocol HD set – included all patients included in the all-treated HD set who did not violate the protocol in a way that might affect the evaluation of the effect of study drug on the primary endpoint of the acute haemodynamic period of the study (i.e. patients without major protocol violations); All-treated DB set – included all patients who received study treatment (i.e. at least one tablet) during the double-blind period; Safety DB set – included all patients who received study treatment (i.e. at least one tablet) during the double-blind period and had at least one safety assessment post-baseline during the double-blind period; Per-protocol DB set – included all patients included in the all-treated double-blind set who did not violate the protocol in a way that might affect the evaluation of the effect of study treatment on the primary endpoint of the double-blind period of the study (i.e. patients without major protocol violations)
The main efficacy analyses were performed on the per-protocol haemodynamic (HD) set and per-protocol DB set for the acute haemodynamic and double-blind periods, respectively. Eight patients (four randomised to each treatment group) were excluded from the per-protocol DB set as they had violated essential entry criteria or had no baseline assessment of PVR. These 8 patients were also excluded from the per-protocol HD set along with 2 additional patients who had no post-baseline PVR recorded 4 hours after the single dose of selexipag. One of the patients excluded from the per-protocol HD set received 200 µg during the acute haemodynamic period and the other nine patients received 400 µg.
Baseline demographic and disease characteristics were comparable between treatment groups (selexipag versus placebo). Overall, the majority of patients were female (81.8% and 80.0% in the selexipag and placebo groups, respectively) and Caucasian (87.9% and 90.0%, respectively). The overall mean (SD) age was 54.8 (16.8) years and 53.8 (16.3) years, respectively. The mean (SD) time from initial diagnosis was 5.5 (6.1) years and 4.0 (3.1) years, respectively. Idiopathic PAH was the most common aetiology (72.7% and 70.0%, respectively).
During the acute haemodynamic period, there was no effect on PVR after 4 hours of selexipag single oral dose (200 or 400 µg). There was no difference in effect between the 200 and 400 µg doses. Primary efficacy analysis in the double-blind period showed that at Week 17, PVR (geometric mean and 95% confidence limits [CL]) was 80.7% (72.8, 89.6) and 115.9% (106.5, 126.1) of the baseline values in the selexipag and placebo groups, respectively. Compared with placebo, patients on selexipag had a statistically significant 30.3% decrease in geometric mean PVR (95% CL: -44.7, -12.2; p = 0.0045, Wilcoxon rank-sum test). The median change from baseline in PVR at Week 17 was -166.0 dyn∙sec/cm5 with selexipag compared to 124.0 dyn·s/cm5 with placebo.
Analyses of secondary efficacy endpoints of changes in right heart catheterisation parameters other than PVR from baseline to Week 17 showed that the median treatment effect on selexipag (versus placebo) was 0.41 L/min/m2 (95% CL: 0.10, 0.71) for cardiac index and -427 dyn·s/cm5 (95% CL: −668.3, −134.5) for systemic vascular resistance. Other haemodynamic variables did not show clear treatment effects with selexipag for the change from baseline to Week 17. Analyses of secondary endpoint of change in 6MWD from baseline to Week 17 showed that median 6MWD increased to a greater extent from baseline to Week 17 on selexipag (25 m; 95% CLs: −2 m, 42 m) than on placebo (6 m; 95% CL: −33m, 23 m), but the difference was not statistically significant (median treatment effect on selexipag versus placebo of 18 m [95% CL:–12.4, 61.4 m]; Wilcoxon rank sum test p-value =0.2218; t-test p-value =0.3129). Analyses of secondary endpoint of the proportion of patients with aggravation of PAH showed that 1 patient (3.0%) on selexipag versus 2 patients (20.0%) on placebo had an event that qualified as aggravation of PAH. The proportion of patients whose NYHA FC status improved from baseline to Week 17 was 15.6% and 10% in the selexipag and placebo groups, respectively (relative risk of 1.56 [95% CL: 0.21 - 11.85], Fisher Exact Test p-value = 1.0000). The proportion of patients with worsening of NYHA FC was 6.3% on selexipag compared to 20% on placebo (relative risk of 0.31 [95% CL: 0.05 – 1.94], Fisher Exact Test p-value = 0.2356).
There were only minimal median changes from baseline to Week 17 in Borg dyspnoea score with both selexipag (-0.25 units) and placebo (0.00 units) (median treatment effect of 0.03 units [95% CL: -1.25, 0.97]; Wilcoxon rank sum test p-value = 0.9513; t-test p-value = 0.8467). Median plasma NT pro-BNP concentrations at baseline were lower in the selexipag group (56.10 pmol/L) than the placebo group (299.15 pmol/L). There was no statistically significant difference in the changes from baseline to Week 17 in NT pro-BNP concentrations between treatment groups (median treatment effect of selexipag versus placebo of 17.30 [95% CL: -63.76, 69.50]; Wilcoxon rank sum test p-value =0.5466; t-test p-value =0.5916). Analyses of changes in echocardiography parameters from baseline to Week 17 showed that small median changes in echocardiography parameters were similar between selexipag and placebo groups, and no statistically significant treatment effect was indicated.
7.2.2. [bookmark: _Toc436897271]Study AC-065A201
Study AC-065A201 was a multicentre (37 patients enrolled in 26 centres in Japan), uncontrolled, open-label Phase II study conducted to assess the efficacy, safety and pharmacokinetics of selexipag in Japanese patients with PAH. The primary objective was to evaluate the effect of selexipag based on change from baseline in PVR at rest in PAH patients. The secondary objectives were to evaluate the effect of selexipag based on change from baseline in pulmonary haemodynamic variables other than PVR, 6MWD, Borg dyspnoea index, WHO FC and NT pro-BNP plasma concentrations, the pharmacokinetics of selexipag and its metabolites, and the safety and tolerability of selexipag in PAH patients. Study start date was 25 May 2011. The study was ongoing at the time of this TGA submission, and the CSR the sponsor provided was an interim report which included the results up to Week 16 of treatment with selexipag (24 Jan 2013 [Visit date of Week 16 of the last patient]).
The study design included screening phase (up to 8 weeks prior to the start of study drug administration), followed by a treatment and efficacy evaluation period of 16 weeks (composed of a titration period of maximum of 12 weeks and a maintenance dose period of at least 4 weeks). After the efficacy evaluation at Week 16, treatment with selexipag was to be continued up to 144 weeks (that is, the long-term treatment period). An extension to the long-term treatment period (that is, more than 144 weeks) would be allowed if the patient had no clinically significant adverse events and the investigators requested to do so. Patients were followed up for 30 days after discontinuation of study drug. Selexipag treatment was initiated at a dose of 200 µg bd, and the dose was up-titrated in 3-day intervals in a 200 µg bd stepwise manner up to 800 µg bd, and thereafter at weekly intervals up to a maximum dose of 1600 µg bd within the first 12 weeks (Figure 23). The dose was required to be maintained stable for at least 4 weeks prior to the efficacy evaluation visit at Week 16 (cut-off for the interim analysis).
[bookmark: _Ref422997865][bookmark: _Toc436897525]Figure 23: Study design, Study AC-065A201
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Study entry criteria were male or female, ≥ 18 years of age with PAH[footnoteRef:33] group 1.1 to 1.4 of the updated Dana point clinical classification (that is, idiopathic PAH, or heritable PAH, or associated with connective tissue disease, congenital heart disease with simple systemic-to-pulmonary shunt at least 1 year after surgical repair, HIV infection, or drugs and toxins), with NYHA/WHO FC I to IV, and baseline PVR via right heart catheterisation of > 400 dyn·s/cm5. [33:  Patients should have a confirmed diagnosis of PAH based on the following right heart catheterisation criteria: resting mPAP ≥ 25 mmHg; PCWP or left ventricular end-diastolic pressure (LVEDP) < 15 mmHg] 

The primary endpoint of the study was the absolute change from baseline to Week 16 in PVR at rest. The secondary efficacy endpoints of the study were absolute change from baseline to Week 16 in pulmonary haemodynamic variables other than PVR[footnoteRef:34]; absolute changes from baseline to Week 16 in 6MWD and Borg dyspnoea index; shifts from baseline to Week 16 in NYHA/WHO FC; absolute change from baseline to Week 16 in NT pro-BNP plasma concentrations. Exploratory efficacy endpoints included the evaluation of the time to first clinical worsening[footnoteRef:35], changes from baseline to each measurement time point until Week 16 in vascular endothelial cell function markers, changes from baseline to each measurement time point beyond Week 16 in 6MWD, Borg dyspnoea index, NYHA/WHO FC and NT pro-BNP plasma concentration. [34:  mean right atrial pressure (mRAP), mPAP, cardiac output (CO), cardiac index, pulmonary vascular resistance index (PVRI), total pulmonary resistance (TPR) and mixed venous saturation (SvO2)]  [35:  Events defined for clinical worsening were: death (regardless of the cause), hospitalisation due to worsening of PAH, worsening of PAH requiring lung transplant or balloon atrial septostomy, initiation of continuous infusion of PGI2 or long-term oxygen therapy due to worsening of PAH, decrease by ≥ 15% in 6MWD from baseline in 2 or more tests conducted within 2 weeks and worsening of WHO functional class (for class II or III patients at Visit 1), decrease by ≥ 15% in 6MWD from baseline in 2 or more tests conducted within 2 weeks and necessity of additional medications for PAH (for class III or IV patients at Visit 1).] 

Overall, a total of 37 patients were enrolled and treated with selexipag. Four patients prematurely discontinued the study prior to Week 16 (primary efficacy evaluation). The reasons for study drug discontinuation were treatment initiation with calcium channel blocker after start of selexipag, occurrence of an SAE, use of prohibited concomitant medication, and withdrawal of consent, respectively. Therefore, a total of 33 patients were included in the primary efficacy evaluation at Week 16.
Overall, the majority of patients were female (70.3%) with an overall mean (SD) age of 44.5 (13.3) years. Idiopathic PAH was the most common aetiology (67.6%). PAH severity at baseline was NYHA/WHO FC II in 56.8% of patients and FC III in 37.8. At baseline, 83.8% of patients were receiving concomitant medications for the treatment of PAH, most frequently bosentan (51.4%), tadalafil (43.2%), sildenafil (35.1%) and ambrisentan (24.3%).
Primary efficacy analysis showed that there was a statistically significant median decrease in PVR from baseline to Week 16 on selexipag (median change from baseline of -120.9 dyn∙sec/cm5, p < 0.0001, Wilcoxon signed rank test) (Table 28). Other haemodynamic variables with statistically significant mean changes from baseline included pulmonary vascular resistance index and total pulmonary resistance.
[bookmark: _Ref422997885][bookmark: _Toc436897530]Table 28: Mean changes in pulmonary haemodynamic variables on selexipag treatment, Per-protocol set, Study AC-065A201
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Median 6MWD increased by 19.5 m (95% CLs 0, 37.0 m) at Week 16 on selexipag treatment from a baseline median value of 460.5 m (range: 183-620 m). The mean (± SD) change from baseline to Week 16 in Borg dyspnoea index was −0.2 (± 1.2) (mean [± SD] Borg dyspnoea index at baseline: 2.7 [± 2.1]; at Week 16: 2.5 [± 2.0]). Overall, 12.1% of patients (n=4) showed improvement in NYHA/WHO FC from baseline to Week 16 (three from FC III to II and one from II to I). No patient experienced worsening of NYHA/WHO FC. The median change in NT pro-BNP plasma concentration from baseline to Week 16 was −13.0 pg/mL.
Analyses of exploratory endpoint of time to first clinical worsening showed that overall, one patient showed clinical worsening at Week 16 (that is, Week 16 ± 7 days). The patient started treatment with PGI2 due to PAH worsening 118 days after administration of selexipag. No other patients with clinical worsening were reported during treatment period up to Week 16. Results of analyses of the exploratory endpoints of change from baseline in vascular endothelial cell function markers are presented in Table 29.
[bookmark: _Ref422997892][bookmark: _Toc436897533]Table 29: Change from baseline in vascular endothelial cell function markers, Study AC065A201
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7.3. [bookmark: _Toc241374312][bookmark: _Toc272414656][bookmark: _Toc290888507][bookmark: _Toc436897272][bookmark: _Toc464567927][bookmark: _Toc467079903]Analyses performed across trials (pooled analyses and meta-analyses)
Not applicable.
7.4. [bookmark: _Ref271126605][bookmark: _Toc272414657][bookmark: _Toc290888508][bookmark: _Toc464567928][bookmark: _Toc436897273][bookmark: _Toc467079904]Evaluator’s conclusions on clinical efficacy for the proposed indication 
Treatment of pulmonary arterial hypertension (PAH) in patients with WHO functional class II, III or IV symptoms
Overall, the study design, study inclusion and exclusion criteria, and study endpoints of the pivotal Phase III study (AC-065A302) were appropriate and in line with the recommendations of the TGA-adopted EMA guidelines on the clinical investigation of medicinal products for the treatment of pulmonary arterial hypertension. The study primary endpoint (composite) allowed evaluation of the effect of selexipag (administered in dosing regimen of initial 12-week up-titration from 200 µg bd until the individual maximum tolerated dose [IMTD; up to maximum dose of 1600 µg bd] and then maintained at IMTD for the next 14 weeks up to Week 26) on all-cause mortality and PAH-related morbidity, while the study secondary endpoints allowed evaluation of the effect of selexipag on exercise capacity (6MWD) and clinical symptoms (NYHA/WHO functional class and CAMPHOR questionnaire). Baseline demographic and disease characteristics were comparable between treatment groups, and were generally consistent with the target patient population. The majority of patients (80.5% in selexipag group and 78.7% in placebo group) had concomitant PAH-specific medication at baseline.
Analysis of the primary efficacy endpoint (that is, time to first morbidity/mortality[footnoteRef:36] [MM] event up to EOT + 7 days) showed that the relative risk reduction for the occurrence of a MM event with selexipag compared to placebo was 40% (1-sided unstratified log-rank p ˂ 0.0001). Additional analyses of the primary efficacy endpoint in the per-protocol set and sensitivity analyses on the primary efficacy endpoint yielded results generally consistent with those of the main analysis, showing a reduced risk of MM event during treatment on selexipag compared to placebo. Exploratory endpoints involving analyses of time to first MM event up to study closure, and analyses of time to first MM event excluding certain components of the composite primary endpoint[footnoteRef:37] also yielded results generally consistent with the primary efficacy analysis. [36:  Components of composite primary efficacy endpoint: death (all causes); hospitalisation due to worsening of PAH; worsening of PAH requiring lung transplant or balloon atrial septostomy; worsening of PAH requiring initiation of parenteral infusion of PGI2 or long-term oxygen therapy; disease progression confirmed by decrease by ≥ 15% in 6MWD from baseline (in 2 or more tests conducted on different days within 2 weeks) and worsening of WHO FC (for patients in NYHA/WHO FC II or III at baseline); disease progression confirmed by decrease by ≥ 15% in 6MWD from baseline (in 2 or more tests conducted on different days within 2 weeks) and necessity of additional PAH-specific therapy (for patients in NYHA/WHO FC III or IV at baseline).]  [37:  Time from randomisation to first MM event (excluding “disease progressionˮ) up to EOT +7 days; time from randomisation to first MM event (excluding “disease progressionˮ) up to study closure; time from randomisation to first MM event (excluding “disease progressionˮ and “initiation of parenteral prostanoid therapy or chronic oxygen therapy due to worsening of PAHˮ) up to EOT +7 days; time from randomisation to first MM event (excluding “disease progressionˮ and “initiation of parenteral prostanoid therapy or chronic oxygen therapy due to worsening of PAHˮ) up to study closure.] 

Analyses on the components of the primary efficacy endpoint showed that the observed treatment difference in the primary endpoint was driven mainly by hospitalisation due to PAH worsening (13.6% % of patients in the selexipag group versus 18.7% in the placebo group) and the composite component of disease progression (6.6% with selexipag versus 17.2% with placebo), while there was a higher proportion of patients with death (all cause) as the first MM event in the selexipag group (4.9% versus 3.1% in the placebo group). Additional competing risk analysis to explore the treatment effect on the 4 main components of the primary endpoint (death, disease progression, hospitalisation for PAH worsening, and PAH worsening [including need for lung transplantation or balloon atrial septostomy, parenteral prostanoid treatment or chronic oxygen therapy]) also showed that patients on selexipag had statistically significantly lower risk of disease progression (p < 0.0001) and hospitalisation for PAH worsening (p = 0.0402) than patients on placebo, but no statistically significant difference was observed between selexipag and placebo for the risk of death (p = 0.0827) or for the risk of PAH worsening (p = 0.5342) (Figure 24).
[bookmark: _Ref422999562][bookmark: _Toc436897514]Figure 24: Competing risk analysis for time from randomisation to first CEC- confirmed morbidity / mortality event up to EOT + 7 days. Cumulative incidence functions (Aalen Johansen estimates) by event, FAS, AC-065A302
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Analyses on the secondary endpoint of time from randomisation to first event of death due to PAH or hospitalisation for PAH worsening up to EOT + 7 days showed similar results where the overall treatment difference of selexipag over placebo (17.8% of patients in selexipag group versus 23.5% in placebo group, hazard ratio of 0.70, 1-sided unstratified log-rank p = 0.0031) was mainly driven by hospitalisation due to PAH worsening (15.0% in the selexipag group versus 21.1% in the placebo group) and there was a higher proportion of patients with death due to PAH as the first MM event in the selexipag group (2.8% versus 2.4%).
The sponsor had done additional survival analyses and had offered the rationale that the analysis of death up to EOT in Study AC-065A302 was biased by informative censoring, which could happen when death occurred predominantly after the occurrence of the primary endpoint morbidity event, and when the primary endpoint event led directly to the discontinuation of study treatment. In Study AC-065A302, after a morbidity event, study drug was discontinued and necessary changes to PAH treatment (including the option of selexipag in the extension study) were introduced. Patients were then censored at EOT + 7 days and could not contribute further to the EOT survival analysis. Additional analyses by the sponsor showed that in Study AC-065A302, morbidity events (mainly disease progression) occurred earlier and more frequently in placebo patients than in selexipag patients (205 and 109 patients censored due to a morbidity event, respectively), and that the risk of dying for patients who were censored due to a morbidity event was twice that of those who did not experience an event up to Study closure. This therefore could introduce a bias that led to an under-estimation of the true risk of death, as the mortality event that occurred after the first-reported morbidity event was not taken into account. The underestimation effect was expected to be greater in the placebo group compared to the selexipag group due to the fact that almost twice as many patients were censored, and censored earlier, because of a morbidity event. The sponsor was of the opinion that due to this bias, observed data on survival up to EOT + 7 days have limited interpretability. The sponsor therefore looked at analyses of survival up to Study closure, which would not have this informative censoring bias. Results showed that overall, death (all causes) from randomisation up to study closure was reported in 17.4% and 18.0% of patients in the selexipag and placebo groups, respectively (hazard ratio of 0.97, 1-sided unstratified log-rank p = 0.4214). Death due to PAH up to study closure was reported in 12.2% and 14.3% of patients in the selexipag and placebo groups, respectively (hazard ratio of 0.86, 1-sided unstratified log-rank p = 0.1763). The sponsor formed the conclusion that overall, selexipag had a neutral effect on survival in the PAH population in Study AC-065A302.
Analyses on the effect of selexipag on exercise capacity in terms of the 6MWD showed that the median treatment effect in 6MWD of selexipag versus placebo at trough at Week 26 was 12.0 m (median absolute change from Baseline to Week 26 of 4.0 m with selexipag versus −9.0 m with placebo; 1-sided Wilcoxon-Mann-Whitney p = 0.0027). Analyses of change in 6MWD over time at trough showed that median absolute increases from baseline in 6MWD measured at trough were greater in the selexipag compared to placebo group at scheduled time points from Week 8 to Month 30. These results were generally supported by those in the placebo-controlled Phase II Study NS-304/-02 (median treatment effect in 6MWD of selexipag versus placebo at Week 17 of 18 m; median absolute change from baseline to Week 17 of 25 m with selexipag versus 6 m with placebo; Wilcoxon rank sum test p-value =0.2218; t-test p-value =0.3129) and the open-label, uncontrolled Phase II Study AC-065A201 in Japanese patients (median 6MWD increase from baseline at Week 16 of 19.5 m with selexipag).
Analyses on the effect of selexipag on symptom relief in terms of NYHA/WHO FC showed that the proportion of patients with absence of worsening from Baseline in NYHA/WHO FC at Week 26 was numerically higher in the selexipag group compared to the placebo group, but the difference was not statistically significant (77.8% versus 74.9%, 2-sided Breslow-Day p = 0.1916). Analyses over time showed that the proportion of patients with absence of worsening from Baseline in NYHA/WHO FC was mostly numerically higher in the selexipag group compared to the placebo group from Week 4 to Month 36, as was the proportion of patients with improvement from Baseline in NYHA/WHO FC from Week 4 up to Month 36. The proportion of patients who had worsened NYHA/WHO FC compared to Baseline was mostly lower in the selexipag group than in the placebo group from Week 8 up to Month 36. These results were generally supported by those in the placebo-controlled Phase II Study NS-304/-02, where the proportion of patients with improvement in NYHA FC from baseline to Week 17 was 15.6% with selexipag versus 10% with placebo (Fisher Exact Test p-value = 1.0000), and the proportion of patients with worsening of NYHA FC was 6.3% on selexipag versus 20% on placebo (Fisher Exact Test p-value = 0.2356). In the open-label, uncontrolled Phase II Study AC-065A201 in Japanese patients, no patient experienced worsening of NYHA/WHO FC, and 4 patients (12.1%) showed improvement in NYHA/WHO FC from baseline to Week 16 (three from FC III to II and one from II to I).
Analyses on the effect of selexipag on patient-reported symptoms in terms of CAMPHOR questionnaire showed minimal difference between selexipag and placebo (median treatment effect of selexipag versus placebo at Week 26 was 0.0 [99% CI: −1.0, 1.0; p = 0.2185] for the CAMPHOR ‘Symptoms’ score, and 0.0 [99% CI: −0.4, 0.0; p = 0.1700] for the sub-scale ‘Breathlessness’ of CAMPHOR ‘Symptoms’ score). Results were similar for analyses of the Borg dyspnoea index, showing that at scheduled visits over time, there was minimal change in Borg dyspnoea index in both treatment groups. Analyses of the Borg dyspnoea index in Study NS-304/-02 also showed similar results (minimal median changes from baseline to Week 17 with both selexipag [-0.25 units] and placebo [0.00 units], as did those of Study AC-065A201 (mean [± SD] change from baseline to Week 16 with selexipag was −0.2 [± 1.2]).
Subgroup analyses of the primary efficacy endpoint in Study AC-065A302 yielded results that were generally consistent with those in the overall study population Analyses of the occurrence of a first MM event in the treatment groups across the subgroups of gender, race/ethnicity, PAH therapy at baseline, PAH aetiology at baseline, NYHA/WHO FC at baseline. The p-values for the interaction tests did not show any statistically significant heterogeneity of the treatment effect (selexipag versus placebo) across the subgroups, including subgroups of PAH aetiology at baseline (idiopathic PAH, heritable PAH, PAH associated with HIV or drugs and toxins versus PAH associated with CTD versus PAH associated with CHD), NYHA/WHO FC (FC I or II versus FC III or IV), and concomitant PAH specific therapy at baseline (ERA alone versus PDE-5i alone versus ERA and PDE-5i versus no concomitant PAH specific therapy). However, it is noted that the sample size was small for patients with baseline NYHA/WHO FC I (N= 9; selexipag: n=4, placebo: n=5) and FC IV (N=11; selexipag: n=3, placebo: n=8). This will be discussed in the First round benefit-risk assessment of this report. Subgroup analyses of the time from randomisation to first of CEC-confirmed death due to PAH or CEC-confirmed hospitalisation due to PAH worsening up to EOT + 7 days also showed that the observed treatment effect was generally consistent across subgroups (Figure 14), and that there was no statistically significant heterogeneity of treatment effects across subgroups based on the interaction tests, as did the subgroup analyses on the absolute change from Baseline to Week 26 in 6MWD at trough.
8. [bookmark: _Toc464567929][bookmark: _Toc467079905]Clinical safety
A summary of trials that contributed to safety data in PAH patients is presented in Table 30. The sponsor has also provided, in the summary of clinical safety, pooled safety data of 4 studies: Study AC-065A302 and its ongoing open-label extension (AC-065A303), and Study NS-304/-02 and its ongoing open-label extension (NS-304/-03). This pooled safety data analyses were evaluated for the purpose of this submission, and results were found to be consistent with the safety findings in the pivotal study, and did not raise any additional safety concerns.
[bookmark: _Ref422998503][bookmark: _Toc436897534]Table 30: Trials contributing to safety data of selexipag in PAH patients
(i) Completed clinical trials in patients with PAH
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(ii) Ongoing clinical trials in patients with PAH
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8.1. [bookmark: _Toc272414659][bookmark: _Toc290888510][bookmark: _Toc436897275][bookmark: _Toc464567930][bookmark: _Toc467079906]Studies providing evaluable safety data
[bookmark: _Ref268776745]The following studies provided evaluable safety data:
8.1.1. [bookmark: _Toc395776135]Pivotal efficacy study (AC-065A302)
In the pivotal efficacy study, the following safety data were collected:
· General adverse events (AEs) were assessed by the investigator obtaining and recording all AEs at each scheduled visit.
· AEs of particular interest were AEs expected to be observed with selexipag based on its mechanism of action and AEs of potential risk identified from preclinical studies with selexipag. These included eye and retinal disorders, haemorrhage and adjudicated bleeding event AEs, major adverse cardiovascular events (MACE), anaemia, thrombocytopenia, hypotension, hyperthyroidism and other thyroid disorders, liver disorders, renal and urinary dysfunction, rash and skin disorders, bone disorders, malignancies, and prostacyclin-associated AEs[footnoteRef:38]. [38:  ‘Prostacyclin-associated AEs’ were defined by the following preferred terms: pain in jaw/ temporomandibular joint syndrome/ arthralgia/ musculoskeletal pain/myalgia/ pain in extremity; flushing; nausea/vomiting; diarrhoea; headache; dizziness] 

· Ophthalmological monitoring: during AC-065A302, ophthalmological monitoring (that is, fundoscopy with digital pictures) was performed at the Baseline visit (Visit 1), Month 12 (Visit 6), and EOS visit for enrolled patients at selected sites after approval of Global Amendment 3[footnoteRef:39]. Pictures were taken by the ophthalmologist/qualified ophthalmologist technician according to common guidelines, and were read by an external central reading centre. At baseline and follow-up visits, the central reader was to list the abnormal findings that were observed on the fundoscopy images. In addition, severity of retinal arterial tortuosity was qualitatively assessed in order to measure the change from baseline in this variable at each post-baseline time point. In the case of treatment-emergent abnormal findings, the central reader was to advise on additional ophthalmological check-up. In addition, the ophthalmology safety board (OSB) reviewed the ophthalmology data and findings. [39:  These additional safety assessments were added in global protocol amendment 3 due to findings of tortuosity and dilation of retinal vessels (not accompanied by histopathological findings) at Week 104 in a long-term toxicity study in rats. ] 

· Laboratory tests included haematology, serum chemistry tests[footnoteRef:40], thyroid markers[footnoteRef:41] (free triiodothyronine [T3], free thyroxine [T4], and thyroid stimulating hormone [TSH]), and bone turnover markers (bone alkaline phosphatase [ALP] and carboxy-terminal telopeptide [CTx]). [40:  Alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase, total and direct bilirubin, serum creatinine, estimated creatinine clearance (Cockcroft-Gault equation), urea, glucose (irrespective of fasting status), sodium, potassium, and albumin.]  [41:  Additional safety assessments of thyroid markers to be performed on all newly enrolled patients were added in global protocol amendment 3 due to a finding of non-malignant thyroid hyperplasia in a 2-year carcinogenicity study in mice.] 

· Other safety variables included vital signs (blood pressure [BP] and heart rate), 12-lead electrocardiogram (ECG) and body weight measurements
Safety assessments were performed according to the schedule presented.
8.1.2. Pivotal studies that assessed safety as a primary outcome
Not applicable.
8.1.3. Dose-response and non-pivotal efficacy studies
The dose-response and non-pivotal efficacy studies provided safety data, as follows:
· Study NS-304/-02 provided data on AEs, routine laboratory evaluations (clinical chemistry, haematology, and urinalysis), ECG, vital signs, and body weight.
· Study AC-065A201 provided data on AEs, routine laboratory evaluations (haematology, clinical chemistry), thyroid function markers, bone metabolism markers, fundus assessment (at selected sites; at Visit 1, at each visit every 24 weeks thereafter, and at study discontinuation or end of treatment.), ECG and vital signs.
8.1.4. Other studies evaluable for safety only
AC-065A303 (GRIPHON-OL): Safety evaluation comprised the collection of AE data, routine laboratory evaluations (clinical chemistry, haematology, urinalysis), vital signs, and body weight. For safety endpoints in this study, baseline was defined as the last assessment prior to or on start date of study drug in Study AC-065A302 for patients in the AC-065A302 selexipag treatment group. For patients in the AC-065A302 placebo treatment group, baseline was the last assessment prior to or on start date of study drug in AC-065A303.
NS-304/-03: Safety evaluation comprised the collection of AE data, routine laboratory evaluations (haematology, clinical chemistry), thyroid function markers, bone metabolism markers, fundus assessment (at selected sites), ECG and vital signs.
[bookmark: _Ref269204367]Independent Ophthalmology Safety Board Report: Tortuosity and dilatation of retinal vessels were observed in rats in Week 104 of treatment in a long-term toxicity study in rats. Although the occurrence of this finding in man was considered unlikely, fundus assessments were implemented in Phase II and Phase III studies, and an Ophthalmology Safety Board (OSB), composed of individuals external to the sponsor, who had experience and expertise in the field of ophthalmology, and who were independent of all clinical trials with selexipag as an investigational drug, was constituted to review fundus assessment findings in a blinded fashion.
The sponsor has also provided an integrated summary of safety (ISS). This composed of appendices (for example, statistical plans, tables and figures) referenced to in the Summary of Clinical Safety.
8.1.5. [bookmark: _Ref271195835][bookmark: _Ref271195841][bookmark: _Toc272414660][bookmark: _Toc290888511][bookmark: _Toc436897276]Pivotal studies that assessed safety as a primary outcome
Not applicable.
8.2. [bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290888526][bookmark: _Toc436897277][bookmark: _Toc464567931][bookmark: _Toc467079907]Patient exposure
In Study AC-065A302, the median duration of study treatment was 70.7 weeks (range: 0.3–216.7 weeks) in the selexipag group and 63.7 weeks (range: 0.7–192.0 weeks) in the placebo group (Table 31). The proportion of patients who received study treatment for a cumulative duration of at least 1 year was 63.8% in the selexipag group and 62.6% in the placebo group. The proportion of patients who received study treatment for a cumulative duration of at least 2 years was 31.3% in the selexipag group and 27.4% in the placebo group. Overall, 28.3% of patients in the selexipag group received selexipag at an individual maintenance dose (IMD) of 1600 µg bd (that is, the maximum selexipag dose allowed in the study) (Table 32).
Table 31: Duration of study treatment in Study AC065A302, safety analysis set (SAF)
[image: ]
Table 32: Individual maintenance dose (IMD) of selexipag in AC-065A302, SAF
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In Study NS-304/-02, all 43 patients in the study received a single dose of selexipag during the acute haemodynamic testing period (200 µg for the first 12 patients and 400 µg for the remaining 31 patients). All patients also received double-blind treatment, and the median total exposures to study drug were similar in the 2 treatment groups (149.0 and 146.0 days in selexipag and placebo groups, respectively) (Table 33). Among patients receiving selexipag, the final dosage was 800 µg bd (maximum selexipag dose allowed in the study) for 14 patients (42.4%), 600 µg bd for 7 patients (21.2%), 400 µg bd for 6 patients (18.2%), 200 µg bd for 4 patients (12.1%), and missing for the two patients who were discontinued prematurely. Among patients on placebo, the final optimised dosage was placebo 800 µg bd for all except one, who was discontinued on Day 61 and had a missing final optimised dosage.
Table 33: Summary of double-blind treatment exposure, all-treated DB set, study NS-304-02
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In Study AC-065A201 the median exposure to study drug in the safety set was 114 days (Table 34). Seven patients (18.9%), 2 patients (5.4%), 3 patients (8.1%) and 6 patients (16.2%) were treated with the maximum final maintenance dose of 1600 µg (maximum selexipag dose allowed in the study), 1400 mcg, 1200 µg and 1000 µg bd, respectively (Table 35).
Table 34: Summary of exposure to the study drug (SS), Study AC065A201
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Table 35: Distribution of FMD, Safety set (SS), Study AC065A201
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In Study AC-065A303 (GRIPHON-OL), the median duration of study treatment (up to data cut-off date of 10 March 2014) was 37.2 weeks, with 34.4% of patients receiving study treatment for a cumulative duration of at least 1 year (Table 36). Of the 218 selexipag-treated patients in Study AC-065A303, 26.6% received selexipag at an IMD of 1600 µg bd (the maximum selexipag dose allowed in the study) (Table 37).
Table 36: Duration of study treatment in AC-065A303, SAF (subset treated in Study AC065A303)
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Table 37: Individual maintenance dose (IMD) of selexipag in AC-065A303, SAF (subset treated in Study AC065A303)
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In Study NS-304/-03, 39 patients were exposed to selexipag up to 1600 µg bd for up to 5.4 years.
Comment: Overall, the study drug exposure is adequate to assess the safety profile of selexipag.
8.3. [bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290888527][bookmark: _Toc436897278][bookmark: _Toc464567932][bookmark: _Toc467079908]Adverse events
8.3.1. [bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290888528][bookmark: _Toc436897279]All adverse events (irrespective of relationship to study treatment)
8.3.1.1. [bookmark: _Toc436897280]Pivotal study
The percentages of patients with any treatment-emergent AEs (TEAEs) were comparable between treatment groups (98.3% [565/575] and 96.9% [559/577] in the selexipag and placebo groups, respectively). TEAEs that occurred in ≥3% of patients in selexipag group are presented in Table 38.
[bookmark: _Ref422998539][bookmark: _Toc436897538]Table 38: TEAEs (by preferred term) occurring in ≥3% of subjects in selexipag group, sorted by PT incidence in the selexipag group, SAF, Study AC065A302
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The most commonly reported TEAEs in the selexipag group were headache (65.2% with selexipag versus 32.8% with placebo), diarrhoea (42.4% versus 19.1%) and nausea (33.6% versus 18.5%). TEAEs reported more frequently on selexipag compared to placebo, with a difference in incidence of at least 1.0% is presented in Table 39. TEAEs occurring with greatest difference in incidence between the 2 treatment groups (higher incidence with selexipag versus placebo) were headache, diarrhoea and pain in jaw (25.7% versus 6.2%).
[bookmark: _Ref422998543][bookmark: _Toc436897539]Table 39: Treatment-emergent AEs, sorted by difference in incidence (at least 1.0%) between selexipag and placebo, SAF, Study AC065A302
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8.3.1.2. [bookmark: _Toc436897281]Other studies
In Study NS-304/-02, during the acute haemodynamic period, 58.1% [25/43] of patients had at least one AE. The overall incidence of adverse events was not higher at 400 µg than at 200 µg (54.8% [17/31] and 66.7% [8/12], respectively). The most commonly reported AEs were headache (46.5%), nausea (14.0%), and pain in jaw (11.6%), and were not more frequent with the 400-µg than the 200-µg dose. During the double-blind treatment period, the percentages of patients with any AEs were comparable between treatment groups (93.9% [31/33] and 100% [10/10] in the selexipag and placebo groups, respectively). The most commonly reported AEs in the selexipag group were headache (66.7% with selexipag versus 20.0% with placebo), pain in jaw (36.4% versus 0%) and pain in extremity (30.3% versus 0%).
In Study AC-065A201, the proportion of patients with at least one AE was 97.3% (36/37). The most commonly reported AEs were headache (67.6%), diarrhoea (48.6%), pain in jaw (43.2%) and nausea (35.1%).
In Study AC-065A303, the proportion of patients with at least one AE was 95.9% (209/218). The most commonly reported AEs were headache (54.6%), diarrhoea (35.8%), PAH (23.7%), pain in jaw (21.1%) and nausea (20.2%). Of the 218 patients who received selexipag in Study AC-065A303, 63 (28.9%) had previously received selexipag in Study AC-065A302 (‘selexipag/selexipag’)[footnoteRef:42] and 155 (71.1%) had previously received placebo in Study AC-065A302 (‘placebo/selexipag’). Analyses in these subgroups of patients showed that the incidence of all-causality AEs in Study AC-065A303 was comparable between the selexipag/selexipag patients (98.4%) and the placebo/selexipag patients (94.8%). Within the selexipag/selexipag patients, the incidence of all-causality AEs was comparable between Study AC-065A302 (100%) and Study AC-065A303 (98.4%). [42:  It is to be noted that patients who were previously on selexipag in Study AC-065A302 and entered Study AC-065A303 did not start selexipag at their IMTD in Study AC065A302, but started selexipag at the starting dose of 200 mcg bd and then were up-titrated again.] 

Analyses of all causality AEs in Study NS-304/-03 was not provided. The sponsor has provided, in the summary of clinical safety, pooled safety data of 4 studies which included Study NS-304/-03 (Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03). Results of this integrated analysis were consistent with those of the pivotal study.
8.4. [bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290888529][bookmark: _Toc436897282][bookmark: _Toc464567933][bookmark: _Toc467079909]Treatment-related adverse events (adverse drug reactions)
8.4.1. [bookmark: _Toc436897283]Pivotal study
The percentages of patients with at least one treatment-related TEAE were higher in the selexipag group (89.6%; 515/575) compared to the placebo group (56.7%; 327/577) (Table 38). The most commonly reported treatment-related TEAEs in the selexipag group were headache (61.4% versus 26.2% in the placebo group), diarrhoea (36.0% versus 10.2%), nausea (27.0% versus 11.4%) and pain in jaw (24.9% versus 5.0%). Treatment-related AEs that occurred in ≥5% of patients in selexipag group and at higher incidence with selexipag than with placebo were headache, diarrhoea, nausea, pain in jaw, myalgia (13.9% versus 3.8%), vomiting (13.6% versus 3.3%), pain in extremity (13.4% versus 4.0%), flushing (11.7% versus 4.3%), dizziness (8.3% versus 6.2%) and arthralgia (7.0% versus 3.1%).
8.4.2. [bookmark: _Toc436897284]Other studies
In Study NS-304/-02 double-blind treatment period, the percentages of patients with at least one treatment-related AE were higher in the selexipag group (90.9%; 30/33) compared to the placebo group (30.0%; 3/10). The most commonly reported treatment-related AEs in the selexipag group were headache (66.7% versus 20.0% in the placebo group), pain in jaw (36.4% versus 0%) and pain in extremity (30.3% versus 0%).
In Study AC-065A201, the percentage of patients with at least one treatment-related AE was 62.2% (23/37). The most commonly reported treatment-related AEs were headache (62.6%), diarrhoea (44.9%), pain in jaw (43.2%) and nausea (29.7%).
In Study AC-065A303, the proportion of patients with at least one treatment-related AE was 80.3% (175/218). The most commonly reported treatment-related AEs were headache (52.8%), diarrhoea (28.4%), pain in jaw (20.6%), and nausea (16.1%).
Analyses of treatment-related AEs in Study NS-304/-03 were not provided. The sponsor has provided, in the summary of clinical safety, pooled safety data of 4 studies which included Study NS-304/-03 (Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03). Results of this integrated analysis were consistent with those of the pivotal study.
8.4.3. [bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290888530][bookmark: _Toc436897285]Deaths and other serious adverse events
8.4.3.1. [bookmark: _Toc436897286]Pivotal study
At study closure, the incidence of deaths was comparable between selexipag and placebo groups in the FAS (17.4% [100/574] and 18.0% [105/582], respectively) (Table 40).
[bookmark: _Ref422998582][bookmark: _Toc436897541]Table 40: Summary of deaths in AC-065A302
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The most commonly reported cause of death was PAH (12.2% and 14.3% in the selexipag and placebo groups, respectively). In the safety analysis set, the incidence of SAEs with an onset date up to EOT + 30 days with a subsequent fatal outcome[footnoteRef:43] was 9.6% (55/575) and 7.5% (43/577) in the selexipag and placebo groups, respectively. The most commonly reported SAE with fatal outcome in the selexipag group was PAH (3.5% versus 2.8% with placebo). [43:  This may include patients for whom death occurred beyond 30 days after EOT.] 

The incidences of SAEs were lower in the selexipag group (43.8%, 252/575) compared to the placebo group (47.1%, 272/577). The most commonly reported SAEs in the selexipag group were PAH (14.4% versus 22.0% with placebo) and right ventricular failure (5.9% versus7.1%).
8.4.3.2. [bookmark: _Toc436897287]Other studies
In Study NS-304/-02, no patient died during the study. SAEs occurred only during the double-blind treatment period. The incidences of SAEs were lower in the selexipag group (18.2%, 6/33) compared to the placebo group (40.0%, 4/10). Most SAEs were reported for single study patients; the only SAE reported for > 1 patient in the selexipag group was headache (two patients on selexipag versus none with placebo).
No patient died during Study AC-065A201 (up to Week 16). Four patients (10.8%) reported at least one SAE. All SAEs were reported for single study patients.
In Study AC-065A303, a total of 61 deaths were reported: 18 in patients previously on selexipag in Study AC-065A302 (selexipag/selexipag; 28.6%), 43 in patients previously on placebo in Study AC-065A302 (placebo/selexipag; 27.7%). The proportion of patients who died due to PAH was 20.6% and 24.5% in the selexipag/selexipag and placebo/selexipag groups, respectively. The sponsor had offered the opinion that the high proportion of deaths could be attributed to the fact that all patients who entered the OL extension had experienced a morbidity event in Study AC-065A302 and were therefore more likely to have a fatal event. In Study AC-065A303, the proportion of patients with at least one SAE was 52.3% (114/218). In patients previously treated with selexipag in AC-065A302, the incidence was 57.1% compared to 50.3% in the group of patients previously treated with placebo. Within the selexipag/selexipag patients, the incidence of SAEs was lower during Study AC-065A303 (57.1%) than during Study AC-065A302 (74.6%). Overall, the most frequently reported SAEs were PAH (overall: 23.4%; selexipag/selexipag: 23.8%; placebo/selexipag: 23.2%) and right ventricular failure (overall: 15.1%; selexipag/selexipag: 15.9%; placebo/selexipag: 14.8%).
In Study NS-304/-03, eight patients died up to the cut-off date of 10 March 2014. The reported causes of death were subdural haematoma, malignant lung neoplasm and cardiac arrest, acute right ventricular failure, cardiac failure, sudden death, and euthanasia. In addition, one patient died due to right ventricular failure approximately 2 months after discontinuation of study treatment, and another died due to right ventricular failure approximately 3 months after discontinuation of study treatment. Up to the cut-off date of 10 March 2014, a total of 25 patients (64.1%) had at least 1 SAE. The most frequently reported SAEs were PAH (10 patients, 25.6%) and right ventricular failure (4 patients, 10.3%).
8.4.4. [bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290888531][bookmark: _Toc436897288]Discontinuation due to adverse events
8.4.4.1. [bookmark: _Toc436897289]Pivotal study
The incidences of TEAEs leading to discontinuation of study drug were lower in the selexipag group (31.7%, 182/575) compared to the placebo group (37.1%, 214/577) (Table 41). The most commonly reported TEAE leading to discontinuation of study drug in the selexipag group was PAH (13.6% versus 23.4% with placebo).
[bookmark: _Ref422998600][bookmark: _Toc436897544]Table 41: Treatment-emergent AEs leading to discontinuation of study drug, sorted by PT incidence (at least 2 patients) in the selexipag group, SAF, Study AC065A302
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8.4.4.2. [bookmark: _Toc436897290]Other studies
In Study NS-304/-02, two patients (6.0%) in the selexipag group were discontinued from study treatment due to AEs (1 due to worsening PAH and the other due to AEs of headache, asthenia and myalgia) compared to 1 patient (10.0%) in the placebo group (due to worsening PAH).
In Study AC-065A201 one patient (2.7%) discontinued study treatment due to an AE of blood pressure decreased. This AE was also reported as an SAE.
In Study AC-065A303, the proportion of patients with at least one AE leading to discontinuation of study drug was 23.9% (52/218). Of these, 14 (22.2%; 14/63) were selexipag/selexipag patients and 38 (24.5%; 38/155) were placebo/selexipag patients. Overall, the most frequently reported AEs leading to discontinuation of study drug were PAH (8.7%) and right ventricular failure (4.6%).
Analyses of AEs leading to discontinuation of study drug in Study NS-304/-03 were not provided. The sponsor has provided, in the summary of clinical safety, pooled safety data of 4 studies which included Study NS-304/-03 (Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03). Results of this integrated analysis were consistent with those of the pivotal study.
8.5. [bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290888532][bookmark: _Toc436897291][bookmark: _Toc464567934][bookmark: _Toc467079910]Laboratory tests
8.5.1. [bookmark: _Toc272414669][bookmark: _Toc290888533][bookmark: _Toc436897292]Liver function
8.5.1.1. [bookmark: _Toc436897293]Pivotal study
Evaluation of laboratory liver function parameters did not trigger any safety concerns. The proportion of patients with marked abnormalities in laboratory liver function parameters was generally low and comparable between treatment groups.
8.5.1.2. [bookmark: _Toc436897294]Other studies
Evaluation of laboratory liver function parameters in studies NS-304/-02, AC-065A201, and AC-065A303 did not raise any additional safety concerns. Analyses of laboratory liver function parameters in Study NS-304/-03 were not provided. Results of laboratory liver function in the integrated analysis consisting of the pooled data of Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03 were consistent with those of the pivotal study.
8.5.2. [bookmark: _Toc272414670][bookmark: _Toc290888534][bookmark: _Toc436897295]Kidney function
8.5.2.1. [bookmark: _Toc436897296]Pivotal study
Evaluation of laboratory renal function parameters did not trigger any safety concerns. The proportion of patients with marked abnormalities in laboratory renal function parameters was generally comparable between treatment groups.
8.5.2.2. [bookmark: _Toc436897297]Other studies
Evaluation of laboratory renal function parameters in studies NS-304/-02, AC-065A201, and AC-065A303 did not raise any additional safety concerns. Analyses of laboratory renal function parameters in Study NS-304/-03 were not provided. Results of laboratory renal function in the integrated analysis consisting of the pooled data of Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03 were consistent with those of the pivotal study.
8.5.3. [bookmark: _Toc272414672][bookmark: _Toc290888536][bookmark: _Toc436897298]Haematology
8.5.3.1. [bookmark: _Toc436897299]Pivotal study
Mean baseline haemoglobin (Hb) levels were comparable between treatment groups (140.39 [SD 20.407] g/L and 140.59 [20.605] g/L in the selexipag and placebo groups, respectively). Mean absolute changes from baseline to regular visits up to Month 36 in haemoglobin ranged from -3.4 to -0.16 g/L in the selexipag group compared to -0.5 to 2.5 g/L in the placebo group. The decrease in median Hb concentrations in the selexipag group was apparent within 3 months of the start of treatment and was not progressive over time (Figure 25). Decreases in Hb concentrations to < 100 g/L at any time post-baseline were reported for 8.8% of selexipag-treated patients and 5.0% placebo-treated patients. Decreases to < 80 g/L were reported for 1.3% of selexipag-treated patients and 0.7% of placebo-treated patients.
[bookmark: _Ref422998618][bookmark: _Toc436897546]Figure 25: Median (Q1, Q3) haemoglobin concentrations over time, Study AC065A302 
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Evaluation of other haematology parameters did not trigger any safety concerns.
8.5.3.2. [bookmark: _Toc436897300]Other studies
Evaluation of haematology parameters in Studies NS-304/-02 and AC-065A201 did not raise any additional safety concerns.
Evaluation of haematology parameters in Study AC-065A303 also did not raise any additional safety concerns. Changes from baseline in Hb concentrations over time were variable and did not show a decreasing trend. Intra-patient comparison looking at incidence of marked/alert abnormalities in haemoglobin[footnoteRef:44] in patients who were on selexipag in Study AC-065A302 and AC-065A303 and those who were on placebo in Study AC-065A302 and then selexipag in Study AC-065A303 showed that in selexipag/selexipag patients, the incidence of Hb < 80 g/L remained comparable in Studies AC-065A302 and AC-065A303 (3.2% versus 2.0%) while that of Hb < 100 g/L was higher in Study AC-065A302 compared to Study AC-065A303 (19.0% versus 9.8%) (Table 42). In placebo/selexipag patients, the incidence of Hb < 80 g/L remained comparable in Studies AC-065A302 and AC-065A303 (0.6% versus 0.8%) while that of Hb < 100 g/L was lower in Study AC-065A302 compared to Study AC-065A303 (3.9% versus 8.4%). [44:  Marked abnormality in Hb defined as Hb< 100 g/L; alert abnormality in Hb defined as Hb <80 g/L.] 

[bookmark: _Ref422998627][bookmark: _Toc436897614]Table 42: Haemoglobin: treatment-emergent (marked/alert) abnormalities in studies AC-065A302 and AC-065A303 - intra-patient comparison, SAF (subset treated in Study AC065A303)
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LL: Hb< 100 g/L LLL: Hb <80 g/L
Analyses of laboratory haematology parameters in Study NS-304/-03 were not provided. Results of haematology parameters in the integrated analysis consisting of the pooled data of Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03 were consistent with those of the pivotal study.
8.5.4. [bookmark: _Toc436897301]Thyroid markers
8.5.4.1. [bookmark: _Toc436897302]Pivotal study
Analyses of absolute changes from baseline to regular visits in T3 and T4 did not trigger any safety concerns in either treatment group. Analyses of absolute changes from baseline to regular visits in TSH showed a small reduction (up to −0.3 MU/L from a baseline median of 2.5 MU/L) in median TSH at most visits in the selexipag group, while in the placebo group, little change in median values was apparent. In the selexipag group, there was no apparent trend of progressive TSH changes over time.
8.5.4.2. [bookmark: _Toc436897303]Other studies
Analyses of thyroid markers in Study AC-065A201 did not raise any additional safety concerns.
8.5.5. [bookmark: _Toc436897304]Bone turnover markers
8.5.5.1. [bookmark: _Toc436897305]Pivotal study
Analyses of bone turnover markers (bone specific alkaline phosphatase and carboxy-terminal telopeptide) over time did not trigger any safety concerns in either treatment group.
8.5.5.2. [bookmark: _Toc436897306]Other studies
Analyses of bone turnover markers in Study AC-065A201 did not raise any additional safety concerns.
8.5.6. [bookmark: _Toc272414675][bookmark: _Toc290888539][bookmark: _Toc436897307]Electrocardiograph
8.5.6.1. [bookmark: _Toc436897308]Pivotal study
Analyses of the mean changes from baseline in the ECG variables did not raise any particular safety concerns.
8.5.6.2. [bookmark: _Toc436897309]Other studies
Evaluation of ECG variables in Studies NS-304/-02, AC-065A201 and AC-065A303 did not trigger any safety concerns. Analyses of ECG variables in Study NS-304/-03 were not provided. Results of ECG variables in the integrated analysis consisting of the pooled data of Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03 were consistent with those of the pivotal study.
8.5.7. [bookmark: _Toc272414676][bookmark: _Toc290888540][bookmark: _Toc436897310]Vital signs
8.5.7.1. [bookmark: _Toc436897311]Pivotal study
Mean absolute changes from baseline to scheduled visits in systolic blood pressure (SBP) diastolic blood pressure (DBP) were small and similar between treatment groups, and did not show any progression over time. In the selexipag group, mean changes from baseline in SBP ranged from −2.0 to 1.5 mmHg compared to −1.3 to 0.0 mmHg in the placebo group; DBP: −1.6 to −0.1 mmHg versus −1.1 to 0.3 mmHg. A higher proportion of patients (9.7%) in the selexipag group had SBP ˂ 90 mmHg compared to 6.7% in the placebo group. However, decreases from baseline of > 40 mmHg in SBP were reported for 2.3% and 3.0% of patients in the selexipag and placebo groups, respectively. The proportion of patients with DBP < 50 mmHg was 3.2% in the selexipag group compared with 3.9% in the placebo group. Decreases from baseline of > 20 mmHg in DBP were reported for 16.6% of patients in the selexipag group compared to 13.1% in the placebo group.
Analyses of other vital signs parameters did not raise any particular safety concerns
8.5.7.2. [bookmark: _Toc436897312]Other studies
In Study NS-304/-02, vital signs measured at 4 hours after a single oral dose of selexipag during the acute haemodynamic period showed median increases in SBP and DBP (5.0 and 7.0 mmHg, respectively) and pulse rate (3.0 bpm) with the 400-µg dose, while with the 200-µg dose there was a median increase in DBP (2.5 mmHg) and no increase in SBP or pulse rate was observed. During the double-blind treatment period, analyses of change from baseline up to end of treatment period (that is, when patients were at their optimised dose), showed median changes from baseline in SBP, DBP and pulse rate in the selexipag group of -1.0 mmHg (vs. -4.5 mmHg with placebo), 3.0 mmHg (vs. 3.0 mmHg with placebo) and 3.0 bpm (vs. 6.0 bpm with placebo), respectively.
Analyses of vital signs in Study AC-065A201 did not raise any additional safety concerns. Mean ± SD changes from baseline in SBP at Weeks 4, 8, 12, and 16 were 4.2 ± 11.5 mmHg, 4.4 ± 13.3 mmHg, 5.0 ± 14.5 mmHg and 0.5 ± 12.4 mmHg, respectively. Corresponding mean changes from baseline in DBP were 5.5 ± 9.6 mmHg, 5.0 ± 8.7 mmHg, 5.7 ± 10.4 mmHg and 1.9 ± 10.7 mmHg, respectively.
In Study AC-065A303, changes from baseline in vital signs over time were variable and did not show any particular trend over time. The proportion of patients with low blood pressures is presented in Table 43.
[bookmark: _Ref422998646][bookmark: _Toc436897615]Table 43: Treatment-emergent low blood pressure in Study AC065A303, SAF (subset of patients treated in Study AC065A303)
(i) In Study AC-065A303
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(ii) In Studies AC-065A302 and AC-065A303 - intra-patient comparison
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Intra-patient comparison looking at patients who were on selexipag in Study AC-065A302 and AC-065A303 and those who were on placebo in Study AC-065A302 and then selexipag in Study AC-065A303 showed that in selexipag/selexipag patients, the incidence of SBP < 90 mmHg was higher in Study AC-065A303 (20.3%) than in Study AC-065A302 (17.5%), but the incidence of decreases from baseline of > 40 mmHg in SBP was comparable between the 2 studies (4.8% versus 5.1%). In these patients, the incidence of DBP < 50 mmHg was comparable between the 2 studies (1.6% versus 1.7%), but that of decreases from baseline of > 20 mmHg in DBP was higher in Study AC-065A303 (27.1%) than in Study AC-065A302 (22.2%).
The sponsor has stated that no vital signs data were available for the ongoing Study NS-304/-03.
8.5.8. [bookmark: _Toc436897313]AEs of special interest
8.5.8.1. [bookmark: _Toc436897314]Pivotal study
An overview of the AEs of special interest in the double-blind PAH population from Study AC-065A302 is presented in Table 44.
[bookmark: _Ref422998650][bookmark: _Toc436897552]Table 44: Overview of the safety topic AEs of special interest in the double-blind (DB) PAH Safety set from Study AC-065A302[image: ]
The Standardised MedDRA queries (SMQ) retinal disorders grouping is a subset of the SOC eye disorders and includes a number of broad and non-specific preferred terms that are not specific to the retinal vasculature (e.g. eye disorder, blurred vision and reduced visual acuity).
Eye and retinal disorders
Eye and retinal disorder AEs were identified as a safety topic of special interest following non-clinical findings of tortuosity and dilatation of retinal blood vessels in rats at the end of a 2-year carcinogenicity study. The proportion of patients who had at least one AE of special interest within the SOC ‘eye disorders’ in the selexipag and placebo groups was 11.0% and 7.8%, respectively (Tables 45 and 46).
[bookmark: _Ref422998653][bookmark: _Toc436897553]Table 45: Summary of eye and retinal disorder AEs in the DB PAH safety analysis set from Study AC065A302
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[bookmark: _Ref422998654][bookmark: _Toc436897554]Table 46: Eye disorder AEs by PT in the DB PAH safety analysis set Study AC-065A302
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The proportion of patients who had at least one AE of special interest within the Standardised MedDRA queries (SMQ) ‘retinal disorders’[footnoteRef:45] in the selexipag and placebo groups were 3.5% and 1.9%, respectively. Eye disorder AEs specifically associated with retinal vasculature abnormalities were reported at generally comparable frequencies in the selexipag and placebo groups: in the selexipag group, retinal vasculature AEs reported were arteriosclerotic retinopathy, retinal artery spasm, and retinal degeneration, each reported by 1 patient (0.2%); in the placebo group, retinal vasculature AEs were retinal vascular disorder and retinopathy, each reported by 1 patient (0.2%). Eye disorders were reported as SAEs for 0.5% (3 patients) in the selexipag group and 0% in the placebo group. One patient had SAEs of choroiditis (bilateral posterior uveitis) and cataract and another patient had an SAE of cataract. These SAEs were assessed by the investigator as not related to treatment. The third patient had SAEs of maculopathy and blurred vision, which were considered by the investigator to be treatment-related. According to the sponsor, the investigator had also commented that the patient was suffering from stress (reported as an SAE) and had concomitant treatment with sildenafil and L-arginine as potential reasons for the reported events. Study treatment, sildenafil, and L-arginine were temporarily interrupted for this patient. Ocular events resolved and did not recur after treatment with selexipag was re-introduced. [45:  The SMQ retinal disorders grouping was a subset of the SOC eye disorders and included a number of broad and non-specific PTs that were not specific to the retinal vasculature e.g. eye disorder, blurred vision and reduced visual acuity.] 

In addition, as a result of the non-clinical findings of tortuosity and dilatation of retinal blood vessels in rats, an ophthalmology sub-study was introduced in Global Protocol Amendment 3 of Study AC-065A302 and included a total of 102 patients (54 selexipag, 48 placebo) at selected sites (33 sites in 22 countries). The assessments introduced in the sub-study included fundoscopy with digital pictures at the Baseline/Randomisation Visit, Month 12 and EOS Visit (or discontinuation of study drug treatment). Baseline and post-baseline fundoscopy/fundus imaging findings in patients who participated in the ophthalmology sub-study were summarised. Overall, no new post-baseline or worsening of baseline fundoscopy/fundus imaging findings were reported in the selexipag group, while 4 patients in the placebo group had treatment emergent worsening at Month 12 or the EOS visit. Four (8.5%) and two (4.5%) patients in the selexipag and placebo groups, respectively, with fundoscopy/fundus imaging at Baseline had retinal arterial tortuosity reported for both eyes. At the Month 12 and EOS assessments, improvement in the severity of retinal arterial tortuosity (in both eyes) compared to baseline was reported in 1 patient in the selexipag group. No case of worsening in retinal arterial tortuosity was reported in either group.
In addition, all relevant ocular data from the Phase I-III selexipag studies, including the ophthalmology sub-study in Study AC-065A302, were reviewed by the OSB, and the conclusion from the OSB was that there no evidence of an increase in relevant adverse ocular effects in selexipag-treated patients compared to placebo-treated patients. The OSB did not recommend any additional ocular safety studies or post-approval ocular monitoring measures. The conclusion was that the findings of tortuosity and dilation of retinal arterioles in rats at the end of a 2-year carcinogenicity study were without clinical relevance.
Haemorrhage and adjudicated bleeding events AEs
Bleeding events were identified as AEs of special interest based on the pharmacological effect of prostacyclin receptor agonists of inhibiting platelet aggregation. Assessment of bleeding event AEs were evaluated on 2 levels. The first level was based on identification according to the SMQs of haemorrhage and gastrointestinal haemorrhage, and the second level was based on an independent, blinded adjudication process for bleeding events in the study by 2 experts on haemostasis. The focus of the adjudication process was on differentiation of major[footnoteRef:46] versus non-major bleeding and on possible relationship to study treatment. [46:  A major bleeding event was defined as the occurrence of at least one of the following events: fatal bleeding; symptomatic bleeding in a critical area or organ, such as intracranial, intra-spinal, intraocular, retroperitoneal, intra-articular, or intramuscular with compartment syndrome; bleeding causing a fall in haemoglobin level of at least 20 g/L (1.24 mmol/L) leading to transfusion of two or more units of whole blood or red cells.] 

Overall, the proportion of patients with haemorrhage AEs (according to the SMQs of haemorrhage and gastrointestinal haemorrhage) was similar in the selexipag (15.5%) and placebo group (15.8%). The most commonly reported event in both groups was epistaxis (5.2% with selexipag versus 5.0% with placebo). Results showed that cerebrovascular/intracranial bleeds were reported for 4 (0.7%) patients on selexipag versus none on placebo. All 4 of the cerebrovascular haemorrhage AEs were considered SAEs and were adjudicated as major bleeding events but were not considered by the adjudication committee to have a reasonable possibility of relationship to study treatment, as alternative explanations of anticoagulant use and road traffic accident were considered more likely. Overall, the proportions of haemorrhage AEs that were fatal, serious or led to discontinuation of study treatment were similar in both groups. An analysis of AE rates by prevailing dose at the time of AE onset did not indicate a dose–response relationship for haemorrhage AEs.
An analysis of haemorrhage AEs was also conducted according to time periods in which patients were with/without confounding medications, such as antithrombotic agents, non-steroidal anti-inflammatory drugs, and systemic corticosteroids. Results showed that in both the selexipag and placebo groups, the incidence of haemorrhage was higher in patients treated with these medications, but no imbalance between the groups was identified (incidence of haemorrhage AEs in patients during the time period with no confounding medication: 7.1% and 10.7% in the selexipag and placebo groups, respectively; incidence of haemorrhage AEs in patients during the time period with confounding medication: 16.5% and 16.3%, respectively).
Following independent adjudication of the AEs associated with bleeding, the proportion of patients with confirmed major bleeding events was similar in the 2 groups (selexipag 2.4%, placebo 2.1%). The proportion of patients with AEs that were considered to have a reasonable possibility of relationship to study treatment was 4.5% in the selexipag group and 3.5% in the placebo group, with the difference resulting mainly from the higher incidence of epistaxis in the selexipag group.
Major adverse cardiovascular events (MACE)
According to the sponsor, MACE were evaluated as part of due diligence and not because of any specific, identified safety concern with selexipag. Overall, the proportion of patients with such events was 2.4% (14/575) in the selexipag group and 1.4% (8/577) in the placebo group. The difference was primarily driven by events of cerebrovascular ischemic nature (selexipag n = 5 [0.9%]; placebo n = 1 [0.2%]). Of these 6 patients with cerebral ischemia AEs, 4 patients in the selexipag group and 1 patient in the placebo group had events that were serious, but none had a fatal outcome. All these 5 patients had medical history suggesting elevated risk for such events[footnoteRef:47]. [47:  Three out of the 4 serious cases in selexipag-treated patients had a medical history of congenital heart disease and the fourth had a medical history of mitral valve incompetence, rheumatoid arthritis with vasculitis and essential hypertension; the one patient in the placebo group had a medical history that included factor V Leiden mutation and atrial septal defect] 

Anaemia
According to the sponsor, anaemia was evaluated as event of special interest because PAH patients, compared to the general population, had a higher incidence of co-morbidities as well as medications (such as ERAs) that could predispose to anaemia and/or bleeding. In Study AC-065A302, anaemia as previous or concomitant disease at baseline was reported in 11.3% and 11.1% of patients in the selexipag and placebo groups, respectively. The overall proportion of patients in the study with AEs denoting anaemia was higher in the selexipag group (10.4%) compared to the placebo group (8.0%). None of the anaemia events in either group were fatal or led to discontinuation of study treatment. The incidence of anaemia events reported as SAEs was higher in the selexipag group (6 patients [1%]) than in the placebo group (3 patients [0.5%])[footnoteRef:48]. The proportion of patients who received at least one blood transfusion was comparable between treatment groups (12 patients [2.1%)] in the selexipag group versus 13 patients [2.3%] in the placebo group). The incidences of anaemia AEs in patients who received no PAH-specific medication were 4.5% and 6.7% in the selexipag and placebo groups, respectively. In patients who received selexipag in addition to any of the other PAH-specific medications, the incidences of anaemia were higher in the selexipag group than in the placebo group (concomitant ERA monotherapy: 14.9% with selexipag versus 9.2% with placebo; PDE5i monotherapy: 11.1% versus 5.4%; ERA and PDE5i: 11.2% versus 10.7%). [48:  Of the 6 patients with anaemia SAEs in the selexipag group, 3 were in the context of haemorrhage, one had suspected myelodysplastic syndrome, one had presumed GI angiodysplasia and one had splenomegaly and hypersplenism; of the 3 patients in the placebo group, one had iron deficiency anaemia, and two had anaemia associated with haemoptysis.] 

Results of laboratory analyses of haemoglobin levels have been described above, and results suggested that selexipag was associated with greater decrease of haemoglobin from baseline compared to placebo, but the change over time was not progressive.
The sponsor had indicated that the cause for this effect was unclear. In an analysis of AEs by achieved MTD during up-titration, anaemia as an AE of special interest in the selexipag group ranged from 6.7% in the 0 µg bd category to 13.6% in the 1600 µg bd category. In the placebo group, the corresponding frequencies were 5.6% and 9.1% based on the matching number of tablets. Population PK/PD analysis also indicated a relationship between exposure and decrease in haemoglobin. In the absence of an effect of selexipag on haemorrhagic events, the sponsor had found it difficult to rationalise these observations. It is noted that anaemia/Hb decrease is reflected in the proposed prescribing information for selexipag.
Thrombocytopenia
Thrombocytopenia was evaluated as slight decreases in platelet counts were observed in rats and dogs during non-clinical development studies of selexipag. Results showed that the overall proportion of patients with thrombocytopenia AEs were comparable between the selexipag and placebo groups (1.7% versus 1.9%). In addition, laboratory analyses of platelet levels did not raise any safety concerns. The proportion of patients who had a marked decrease in platelet counts (defined as ˂ 75 GI/L) was comparable between treatment groups (2.2% in the selexipag group and 2.5% in the placebo groups).
Hypotension
Hypotension was evaluated as event of special interest as it was considered a class effect, given the vasodilatory properties of IP receptor agonists. The overall proportions of patients with hypotension events was higher in the selexipag group (5.9%) compared to the placebo group (3.8%). The higher frequency of hypotension AEs in the selexipag group was primarily due to a greater number of non-serious AE PTs of hypotension. Clinically relevant cases (those with a fatal outcome, or were serious, or led to discontinuation of treatment) were reported for a similar proportion of patients in both treatment groups (4 patients (0.7%) in each group). One patient (on selexipag) had hypotension AE with fatal outcome (the patient had mixed CTD and was receiving selexipag 200 µg bd and concomitant treatment with colchicine; she was hospitalised on Day 14 and died the same day, and the reported causes of death were hypotension, hypoglycaemia and bradycardia; these fatal events were considered by the investigator to be unrelated to selexipag treatment).
Analysis of treatment-emergent hypotension AEs on the basis of concomitant PAH therapy at baseline showed that hypotension AEs were reported more frequently in selexipag patients who were receiving concomitant PDE-5 inhibitors, particularly in combination with ERAs, compared to those on placebo. In patients receiving ERA monotherapy, the incidence in the selexipag group was not higher than in the placebo group. An analysis of AE rates by prevailing dose at the time of AE onset did not indicate a dose–response relationship for hypotension AEs (see Section 8.5.9).
Results of analyses of vital signs data of blood pressure have been described above. Results showed that the proportion of patients with decrease from baseline in DBP of > 20 mmHg was higher in the selexipag group (16.6%) than in the placebo group (13.1%), but that with decrease from baseline in SBP of > 40 mmHg in SBP was lower in the selexipag group than in the placebo group (2.3% versus 3.0%). Analyses over time showed that mean absolute changes from baseline in SBP and DBP, were small and similar between treatment groups, and did not show any progression over time. It is noted that information regarding hypotension is given in the proposed prescribing information for selexipag.
Hyperthyroidism and other thyroid disorders
Thyroid disorders were evaluated as AEs of special interest on the basis of findings of an increased incidence of thyroid adenomas in selexipag groups in a 24-month carcinogenicity study in mice. Results showed that the overall proportions of patients with thyroid disorder AEs was higher in the selexipag group (2.1%; 12 patients) than in the placebo group (0.5%; 3 patients) (Table 47).
[bookmark: _Ref422998706][bookmark: _Toc436897571]Table 47: Hyperthyroidism AEs by PT in the DB, placebo-controlled PAH Safety analysis set from Study AC065A302
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Of these, 2 patients (0.3%) in the selexipag group had thyroid disorder events that were reported as SAEs (both considered treatment-related; one of which led to discontinuation of study treatment), compared to none in the placebo group. One SAE was hyperthyroidism (symptomatic), reported 11 months after the start of selexipag treatment, with concurrent diagnoses of autoimmune thyroiditis and thyroid adenoma. Study drug was discontinued and the events were reported as resolved 3 weeks later. The second SAE was Basedowʼs disease, which was diagnosed 12 months after start of selexipag treatment. Treatment with metoprolol and thiamazole was initiated on Day 412. The event remained unresolved, and the patient continued treatment with selexipag. Analyses of AE PTs specifically denoting hyperthyroidism (PT hyperthyroidism and PT Basedowʼs disease) were reported for 9 (1.6%) patients in the selexipag group compared to no cases on placebo. Seven of the 9 cases (1.2%) were of mild intensity and 2 (0.4%) of moderate intensity.
Laboratory analyses of thyroid markers have been described above and results showed a small reduction in median TSH from baseline (up to −0.3 MU/L from a baseline median of 2.5 MU/L) at most visits in the selexipag group, while in the placebo group, little change in median values was apparent. No associated changes from baseline in mean T3 and T4 were observed.
The sponsor had offered the opinion that the observations suggested that selexipag may have an effect on thyroid function through a stimulatory effect on thyroid follicular cells in some patients, and that this had been previously described for prostacyclin. It was noted by the sponsor that there had been published reports of hyperthyroidism with the use of IP receptor agonists, and that hyperthyroidism is a labelled adverse drug reaction (ADR) for epoprostenol. Based on these findings, hyperthyroidism was identified by the sponsor as an ADR for selexipag and appropriate information has been included in the proposed prescribing information.
Liver disorders
According to the sponsor, liver disorders were evaluated as AEs of special interest as part of due diligence, and not on the basis of any safety signal. It was also noted that liver disorders were common co-morbidities in patients with PAH as a result of congestive hepatopathy due to increased central venous pressure resulting from right heart failure. The overall proportions of patients with liver disorder events in the selexipag and placebo groups were 7.3% and 6.4%, respectively. The most frequently reported events in both groups were increased ALT (1.4% with selexipag versus 1.9% with placebo) and increased AST (1.4% versus 1.7%). Overall 6 patients (1.0%) and 3 patients (0.5%) in the selexipag and placebo groups, respectively, had liver disorder SAEs. Of these 6 patients in the selexipag group, 2 had SAEs of ascites, 1 had SAEs of increased ALT (9.8 x upper limit normal [ULN]) and AST (18.5 x ULN), 1 had SAEs of liver cirrhosis and hepatic nodules, 1 had SAE of hepatic cyst, and the 6th had an SAE of nodular regenerative hyperplasia (worsening). Of the 3 patients in the placebo group, one had an SAE of increased ALT (156 U/L), one had an SAE of hepatorenal syndrome, and the third had SAEs of acute hepatic failure and abnormal liver function test (ALT, AST, ALP, and total bilirubin values on the day of the event were 321 U/L, 489 U/L, 263 U/L, and 74 μmol/L, respectively).
Laboratory analyses of liver function parameters have been described above and overall, results did not trigger any safety concerns. The proportion of patients with marked abnormalities in laboratory liver function parameters was generally low and comparable between treatment groups. There were no Hy’s Law range cases (ALT > 3 × ULN and total bilirubin > 2 × ULN at any time) in the selexipag group, while 2 cases were identified in the placebo group.
Renal and urinary disorders
Renal dysfunction AEs (SMQ) were reported in 7.3% of patients on selexipag, compared to 4.5% on placebo. The difference was driven mainly by the preferred term ‘acute renal failure’ (2.4% with selexipag versus 1.2% with placebo). Among the cases of acute renal failure, the proportion of cases that were clinically relevant (that is, reported as fatal, serious, or leading to discontinuation of treatment) was the same in the 2 groups (1.0%, 6 patients in each group). None of the events in the selexipag group was reported in the context of hypotension. Most of the AEs of acute renal failure were of mild or moderate intensity (incidence of severe intensity acute renal failure AEs: 0.9% of patients in the selexipag group and 0.5% in the placebo group). Incidence of renal dysfunction SAEs were comparable between treatment groups (1.7% versus 1.2%). The incidence of acute renal failure as an SAE was the same in both groups (1.0%, 6 patients in each group).
Laboratory analyses of renal function parameters have been described above and overall, results did not trigger any safety concerns. The proportion of patients with marked abnormalities in laboratory renal function parameters was generally comparable between treatment groups.
Rash and skin disorders
The grouping of rash and skin disorders was selected as an AE of special interest due to the higher apparent incidence of such events in the selexipag group compared to the placebo group, and because rash had been associated with IP receptor agonists. Results showed that the overall proportions of patients with rash and skin disorder events was 11.1% in the selexipag group and 8.3% in the placebo group. The most-commonly reported AE by preferred term was rash (4.5% with selexipag versus 2.8% with placebo) and erythema (2.3% versus 1.4%). None of these AEs in the selexipag group were reported as SAEs. Rash has been included as an ADR in the prescribing information for selexipag.
Bone disorders
According to the sponsor, bone disorder AEs were identified as a safety topic of special interest due to findings in subacute and chronic toxicity studies in dogs showing an increase in bone ossification, although this was considered most likely a species-specific finding. Results showed that the proportions of patients with bone disorder AEs in the selexipag and placebo groups were 30.4% and 11.4%, respectively. However, the difference was noted to be driven by the AE PT of ‘pain in jaw’ (a prostacyclin-associated AE; 25.7% with selexipag versus 5.7% with placebo), which was not related to bone disorder but which was harboured in this SMQ. No jaw fracture AEs were reported in the selexipag group, but one case was reported in the placebo group. Incidence of bone disorder AEs relating to fractures were comparable between the selexipag and placebo groups (2.8% versus 3.3%). The incidence of bone disorder SAEs was lower with selexipag (1.0%) compared to placebo (1.7%). Laboratory analyses of bone turnover markers have been described above and overall, results did not trigger any safety concerns.
Malignancies
Malignancies were evaluated as an AE of special interest due to an observed small imbalance between selexipag and placebo groups. Results showed that the overall proportions of patients with such events was 1.9% (n=11) in the selexipag group and 0.7% (n=4) in the placebo group. The observed numerical imbalance regarding overall malignancies between selexipag and placebo derived mainly from cutaneous malignancies (selexipag: n = 4 [basal cell tumours; 2 reported as SAEs]; placebo: n=1 [malignant melanoma; SAE]) and blood and lymphatic system malignancies (selexipag: n=3 [two with B-cell lymphoma and one with lymphangiomatosis carcinomatosa; one AE of B-cell lymphoma and the AE of lymphangiomatosis carcinomatosa were reported as SAEs]; placebo: n=0). The incidence of breast malignancies was comparable between treatment groups (n=3 in each group; 2 in selexipag group and 3 in placebo group were reported as SAEs), as was that for other solid organ malignancies (selexipag: n=2 [lung adenocarcinoma and colorectal cancer metastatic; both SAEs]; placebo: n=1 [benign/malignant unknown left upper lobe lung lesion increased in size]).
According to the sponsor, the findings for basal cell tumours, a common tumour type, were of uncertain relevance. The sponsor also noted that there were a number of literature reports of co-occurrence of PAH and B-cell lymphomas. There was an absence of any findings indicating genotoxicity or immunotoxicity of selexipag, and absence of tumour findings of human relevance in rodent carcinogenicity studies. Taken together, the sponsor was of the opinion that there was no specific safety signal on the basis of these observations in the clinical studies with selexipag.
Prostacyclin-associated AEs
According to the sponsor, prostacyclin-associated AEs was used as a collective term for pharmacologically mediated adverse reactions described as typically occurring with other IP receptor agonists, such as epoprostenol and its analogues, and usually with highest frequency and intensity during treatment initiation and up-titration: mainly, headache, flushing, gastro-intestinal symptoms (diarrhoea, nausea, vomiting), and pain manifestations (such as jaw pain, muscle pain, leg pain). The overall proportion of patients with such events was 91.0% in the selexipag group compared with 62.2% in the placebo group. The most commonly-reported prostacyclin-associated AEs by PT in both groups were headache (65.2% with selexipag versus 31.5% with placebo), diarrhoea (42.4% versus 18.4%) and nausea (33.4% versus 18.2%). Most of these AEs in the selexipag group were mild to moderate in severity (71.8%), but the incidence of severe prostacyclin-associated AEs was higher with selexipag compared to placebo (19.1% versus 4.7%). The most commonly reported severe prostacyclin-associated AEs in the selexipag group were headache (11.3% versus 1.9% with placebo), diarrhoea (4.7% versus 1.6%) and nausea (2.4% versus 0.7%). The proportion of patients with prostacyclin-associated SAEs was higher with selexipag (2.3%; 13/575) compared to placebo (0.5%; 3/577). The most commonly reported prostacyclin-associated SAEs in the selexipag group were diarrhoea (0.5% in both groups [n=3 in each group]), vomiting (0.3% in both groups [n=2 in each group]), headache, myalgia, and pain in extremity (0.3% each in the selexipag group, versus 0% in placebo). None of the prostacyclin-associated SAEs in the selexipag group had a fatal outcome. The most-commonly reported treatment-related prostacyclin-associated AEs in the selexipag group were headache (61.4% versus 24.8% with placebo), diarrhoea (36.0% versus 9.5%), nausea (26.8% versus 10.7%), jaw pain (24.9% versus 4.5%) and vomiting (13.6% versus 3.3%).
KM estimation of the median time to the first prostacyclin-associated AE was shorter in the selexipag group (11 days; 95% CIs: 9, 14 days) than in the placebo group (57 days; 95% CIs: 45, 93 days). An Andersen-Gill model was used to analyse the time to occurrence of multiple AEs and mean cumulative function data were computed using the Nelson-Aalen estimate. These data indicated that the reporting frequency of prostacyclin-associated AEs was much higher during the early part of the study, particularly in the 12-week titration period (Figure 26).
[bookmark: _Ref422998734][bookmark: _Toc436897583]Figure 26: Mean Cumulative Function for AEs: Prostacyclin-associated AEs, Study AC065A302
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This was consistent with the expected pattern with an IP receptor agonist, that is, that the reporting frequency of prostacyclin-associated AEs was much higher during treatment initiation and up-titration. These results were supported by analyses results showing the proportion of patients with prostacyclin-associated AEs were higher in the shorter (12 week) titration period compared to the longer (approximately 58 week) maintenance period in selexipag group (86.6% in titration period versus 72.1% in maintenance period) (Table 48). The incidences of commonly-reported prostacyclin-associated AEs by preferred term (headache, diarrhoea, nausea) were also higher in titration period compared to in the maintenance period (headache: 64.4% versus 39.9%; diarrhoea: 35.8% versus 29.7%; nausea: 29.1% versus 19.6%).
[bookmark: _Ref422998736][bookmark: _Toc436897584]Table 48: Treatment-emergent prostacyclin-like associated AEs in Study AC065A302 - separately for titration and maintenance periods, SAF (patients treated in both titration and maintenance periods)
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The sponsor also performed an intra-patient comparison looking at incidence of prostacyclin-associated AEs in patients who were on selexipag in both Studies AC-065A302 and AC-065A303 compared with that in patients who were on placebo in AC-065A302 and then selexipag in AC-065A303 (Table 49).
[bookmark: _Ref422998738][bookmark: _Toc436897585]Table 49: Prostacyclin-associated AEs in Studies AC 065A302 and AC-065A303 intra-patient comparison sorted by PT incidence, SAF (subset treated in Study AC-065A303)
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Results showed that in selexipag/selexipag patients, prostacyclin-associated AEs were less frequently reported in AC-065A303 compared to in AC-065A302. In placebo/selexipag patients, prostacyclin-associated AEs (except dizziness) were more frequently reported following the switch to selexipag treatment, and occurred at similar frequencies as in patients randomised to selexipag in AC-065A302. The sponsor has offered the opinion that the lower incidence of prostacyclin-associated AEs in the extension study for selexipag/selexipag patients could be indicative of the development of tolerability or amelioration of the AEs over time, while for patients who switched from double-blind placebo to open-label selexipag, the pattern of prostacyclin AEs was generally similar to that seen for patients treated with selexipag during the double-blind study.
8.5.8.2. [bookmark: _Toc436897315]Other studies
Fundoscopy was performed in Studies AC-065A201 and NS-304-03. The results did not raise any additional safety concerns. The Independent Ophthalmology Safety Board Report submitted was evaluated for the purpose of this report and did not raise any additional safety concerns. Adverse events of special interest was presented by the sponsor for the pooled data of Studies AC-065A302, AC-065A303, NS-304/-02 and NS-304/-03, as well as for the Japanese Study AC-065A201 and 2 other Japanese studies on the use of selexipag in patients with chronic thromboembolic pulmonary hypertension (CTEPH; Studies AC-065B202 and AC-065B201). These were evaluated and results were consistent with those in the pivotal study and no additional safety concerns were triggered.
8.5.9. [bookmark: _Toc436897316]Exposure-adjusted AE rates by prevailing dose
8.5.9.1. [bookmark: _Toc436897317]Pivotal study
The sponsor had performed analyses of exposure-adjusted AE rates by prevailing dose and patient-week in the pivotal Study AC-065A302, as requested by the US FDA. In these analyses, each AE was linked to the patient’s prevailing dose for the week in which the event occurred. The prevailing dose was defined as the highest dose given during the study week in which the AE occurred. Exposure-adjusted event rates were calculated and presented according to patient-weeks for the titration period and patient-months for the maintenance period and the overall (titration + maintenance) period. The results were summarised by the sponsor for all AEs, AEs of special interest and SAEs excluding death (defined as an SAE that preceded death by no more than 2 days). In addition, an analysis, also requested by the FDA, to assess the crude incidence estimates of AEs by the IMTD category (0, 200 to < 600, 600 to < 1600 and 1600 µg bd) in the titration period was performed.
Results showed that there was no clear trend for the exposure-adjusted AE or SAE rates, overall or by study period. Analysis of all-causality AEs by IMTD during the titration period showed an increase in the AE of anaemia by preferred term with increasing selexipag dose (0 µg: 3.3%; 200 to < 600 µg bd: 7.1%; 600 to < 1600 µg bd: 7.9%; 1600 µg bd: 11.1%), but there was no obvious indication of dose dependent trend for other AEs. The analysis of SAEs by IMTD category during the titration period showed an overall similar frequency of selexipag patients with SAEs across the IMTD categories (44.2% to 45.2%), with the exception of the small 0 μg bd category (23.3%). There was no clear evidence of dose dependent trend for any SAEs by preferred term.
Analyses of AEs of special interest showed that there was no clear trend for the exposure-adjusted rates for these AEs. In particular, no consistent increase in exposure-adjusted rate of anaemia as an AE of special interest was observed across the selexipag dose range in the overall study treatment period. However, analysis of anaemia as an AE of special interest by IMTD category during the titration period showed an increase in frequency with increasing dose (0 µg: 6.7%; 200 to < 600 µg bd: 8.9%; 600 to < 1600 µg bd: 9.8%; 1600 µg bd: 13.6%) (Table 50).
[bookmark: _Ref422998748][bookmark: _Toc436897588]Table 50: Treatment-emergent AESI of anaemia by IMTD in overall study treatment period, safety analysis set, Study AC065A302
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The sponsor has also performed exploratory PK analyses looking at the relationship between the combined exposure of selexipag and its active metabolite (ACT-333679) based on the area under the plasma concentration–time curve (AUCcombined) and the safety of selexipag in Study AC-065A302 using a logistic regression model. Results showed that the probability of occurrence of a prostacyclin-associated AE was predicted to increase by about 20–30% at the highest exposure compared to placebo. In comparison to placebo, haemoglobin concentration was predicted to decrease to a small but statistically significant extent with higher exposure to selexipag and ACT-333679 (from 138.84 G/L with placebo to 134.58 G/L at the highest active exposure). AEs of haemorrhage and GI haemorrhage showed no statistically significant relationship to exposure. Vital signs (SBP, DBP, and heart rate) also did not show a statistically significant relationship to exposure.
8.6. [bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290888543][bookmark: _Toc436897318][bookmark: _Toc464567935][bookmark: _Toc467079911]Post-marketing experience
Not applicable.
8.7. [bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290888544][bookmark: _Toc436897319][bookmark: _Toc464567936][bookmark: _Toc467079912]Safety issues with the potential for major regulatory impact
8.7.1. [bookmark: _Toc272414682][bookmark: _Toc290888546][bookmark: _Toc436897320]Haematological effect
The association between selexipag use and the occurrence of anaemia has been described above.
8.8. [bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290888550][bookmark: _Toc436897321][bookmark: _Toc464567937][bookmark: _Toc467079913]Other safety issues
8.8.1. [bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290888551][bookmark: _Toc436897322]Safety in special populations
Subgroup evaluation of adverse events by baseline PAH aetiology in Study AC-065A302 showed that the overall incidence of AEs was generally comparable among the selexipag groups in the different PAH aetiology categories (IPAH/ HPAH/ drug and toxin–induced PAH/ PAH associated with HIV infection: 98.9% [vs. 96.7% with placebo in this subgroup]; PAH associated with CTD: 98.2% [vs. 97.0% with placebo with placebo in this subgroup]; PAH associated with CHD with corrected systemic-to-pulmonary shunts: 96.0% [versus 98.0% with placebo in this subgroup]). The pattern of AEs by SOC and preferred term was also generally similar across the different PAH aetiology categories, and no obvious trend was noted.
Subgroup evaluation of adverse events by age subgroups in Study AC-065A302 showed that the overall incidence of AEs was generally comparable among the selexipag groups in the different age group categories (< 65 years: 97.5% [vs. 97.0% with placebo in this subgroup]; 65–74 years: 100% [vs. 96.1% with placebo in this subgroup]; ≥ 75 years: 100% [vs. 100% with placebo in this subgroup]). The pattern of AEs by SOC and preferred term was also generally similar across the different age group categories, and no obvious trend was noted. It is noted that the number of patients ≥ 75 years old was low (8 selexipag, 5 placebo) and this would affect the ability to make meaningful interpretation of AEs in this age group.
Subgroup evaluation of prostacyclin-associated AEs by age group showed that the frequencies of most of these AEs were generally similar between selexipag groups in the age subgroup of < 65 years old and that of 65–74 years old and no obvious trend was detected. Certain AEs showed an increased incidence in the 65–74 years old subgroup compared to the < 65 years old subgroup (for example, diarrhoea, pain in extremity), but similar patterns were also observed for these AEs in the placebo groups.
8.9. [bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290888552][bookmark: _Toc436897323][bookmark: _Toc464567938][bookmark: _Toc467079914]Safety related to drug-drug interactions and other interactions
Subgroup analyses in Study AC-065A302 of prostacyclin-associated AEs according to concomitant PAH-specific therapy at baseline showed that the incidence of many of these AEs relative to placebo was greater in patients who were treated with selexipag in addition to other PAH medications, compared to those who received selexipag monotherapy (Figure 27).
[bookmark: _Ref422998763][bookmark: _Toc436897593]Figure 27: Prostacyclin-associated associated AEs by PT according to PAH-specific medication at baseline in the DB, placebo-controlled PAH Safety analysis set from Study AC065A302
[image: ]

Figure 27 continued: Prostacyclin-associated associated AEs by PT according to PAH-specific medication at baseline in the DB, placebo-controlled PAH Safety analysis set from Study AC065A302
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In the selexipag group, the placebo-corrected incidences for headache in patients who received concomitant PDE5i monotherapy and ERA + PDE5i combination therapy were 38.2% and 39.4%, respectively, compared to 24.6% in those who received ERA monotherapy, or no concomitant PAH therapy. For diarrhoea, the placebo-corrected incidences in patients who received PDE5i monotherapy and ERA + PDE5i combination therapy were 27.4% and 30.0%, respectively, compared to 20.4% in those who received ERA monotherapy and 13.2% in those who received no concomitant PAH therapy. The sponsor has offered a rationale for the observations, that many of these events considered to be associated with prostacyclin were also common to other PAH-specific medications, as suggested by the incidences in the placebo group.
The incidences of anaemia AEs of special interest (AESIs) in patients who received no PAH-specific medication were 4.5% and 6.7% in the selexipag and placebo groups, respectively. In patients who received selexipag in addition to any of the other PAH-specific medications, the incidences of anaemia were higher in the selexipag group than in the placebo group (concomitant ERA monotherapy: 14.9% with selexipag versus 9.2% with placebo; PDE5i monotherapy: 11.1% versus 5.4%; ERA and PDE5i: 11.2% versus 10.7%).
Subgroup analyses of treatment-emergent hypotension AESIs on the basis of concomitant PAH therapy at baseline showed that hypotension AEs were reported more frequently in selexipag patients who were receiving concomitant PDE-5 inhibitors at baseline, particularly in combination with ERAs, compared to those who were not on any concomitant PAH specific therapy (no concomitant PAH specific therapy: 3.6% [vs. 2.5% with placebo in the same subgroup]; PDE-5i: 5.8% [vs. 4.3% with placebo in the same subgroup]; PDE-5i plus ERA: 8.4% [vs. 3.0% with placebo in the same subgroup]; ERA: 4.3% [vs. 6.6% with placebo in the same subgroup]) (Table 51).
[bookmark: _Ref422998703][bookmark: _Toc436897570]Table 51: Hypotension AEs in the DB, placebo-controlled PAH safety analysis set from Study AC065A302 according to concomitant PAH medication at baseline 
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8.10. [bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290888555][bookmark: _Toc436897324][bookmark: _Toc464567939][bookmark: _Toc467079915]Evaluator’s overall conclusions on clinical safety
Overall, safety results in the pivotal Phase III study (AC-065A302) showed that selexipag has a safety profile largely expected for a prostacyclin receptor agonist. The incidence of all-causality TEAEs and death up to study closure was comparable between selexipag and placebo groups. The incidence of treatment-related TEAEs was higher in the selexipag group (89.6%) compared to the placebo group (56.7%), and the higher incidence was mainly driven by that of prostacyclin-associated AEs. The most commonly reported treatment-related TEAEs by preferred term in the selexipag group were headache (61.4% versus 26.2% in the placebo group), diarrhoea (36.0% versus 10.2%), nausea (27.0% versus 11.4%) and pain in jaw (24.9% versus 5.0%). The incidences of SAEs were lower in the selexipag group compared to the placebo group (43.8% versus 47.1%), as was the incidences of TEAEs leading to discontinuation of study drug (31.7% versus 37.1%). The most commonly reported SAEs in the selexipag group were PAH and right ventricular failure, and both occurred less frequently with selexipag than with placebo (PAH: 14.4% with selexipag versus 22.0% with placebo; right ventricular failure: 5.9% versus7.1%).The most commonly reported TEAE leading to discontinuation of study drug in the selexipag group was PAH and also occurred less frequently with selexipag than with placebo (13.6% versus 23.4% with placebo).
Safety results in Study AC-065A303 were generally supportive of long-term safety of selexipag. Analyses comparing safety of the subgroup of patients who had received selexipag in Study AC-065A302 and then continued on selexipag in Study AC-065A303 (‘selexipag/selexipag’) compared to those who had previously received placebo in Study AC-065A302 (‘placebo/selexipag’) showed that the overall incidence of all-causality AEs in Study AC-065A303 was generally comparable between the selexipag/selexipag patients and the placebo/selexipag patients (98.4% versus 94.8%). Within the selexipag/selexipag patients, the incidence of all-causality AEs was comparable between Study AC-065A302 (100%) and Study AC-065A303 (98.4%). The incidence of TEAE leading to discontinuation of study drug in Study AC-065A303 was also generally comparable between the selexipag/selexipag patients and the placebo/selexipag patients (22.4% versus 24.5%). The incidence of SAE in Study AC-065A303 was higher in selexipag/selexipag patients (57.1%) than in placebo/selexipag patients (50.3%), but there were no any particular SAE that was contributing to the higher incidence. The most frequently reported SAEs in Study AC-065A303 were PAH and right ventricular failure, and the incidences of both were comparable between the selexipag/selexipag and placebo/selexipag patients (PAH: selexipag/selexipag 23.8% versus placebo/selexipag 23.2%; right ventricular failure: selexipag/selexipag 15.9% versus placebo/selexipag 14.8%). Within the selexipag/selexipag patients, the incidence of SAEs was lower during Study AC-065A303 (57.1%) than during Study AC-065A302 (74.6%).
Analyses of exposure-adjusted rates by prevailing dose at the time of AE onset in Study AC-065A302 showed that there was no clear dose-dependent trend for the overall AE or SAE rates with selexipag. Subgroup analyses of AEs in Study AC-065A302 showed that the overall incidence of AEs was generally comparable among the selexipag groups across the different PAH aetiology categories and across the age subgroups.
Analyses of AEs of special interest showed that main adverse effects with selexipag were related to prostacyclin-associated AEs, anaemia and hypotension. In addition, hyperthyroidism and rash were also identified as potential ADRs, although the incidence was low.
In Study AC-065A302, the overall proportion of patients with prostacyclin-associated AEs was higher with selexipag to placebo (91.0% versus 62.2%), as would be expected for a prostacyclin receptor agonist, and the most commonly-reported prostacyclin-associated AEs with selexipag were headache (65.2% versus 31.5% with placebo), diarrhoea (42.4% versus 18.4%) and nausea (33.4% versus 18.2%). Most of these AEs in the selexipag group were mild to moderate in severity (71.8%). The incidence of prostacyclin-associated SAEs with selexipag was low (2.3% versus 0.5% with placebo). Consistent with the expected pattern with an IP receptor agonist, the incidence of prostacyclin-associated AEs was higher during the 12-week up-titration period compared to during the maintenance period. Intra-patient comparison looking at incidence of prostacyclin-associated AEs in patients who were on selexipag in both Studies AC-065A302 and AC-065A303 compared with that in patients who were on placebo in AC-065A302 and then selexipag in AC-065A303 suggested possibility of development of tolerability or amelioration of these AEs over time, with results showing that in selexipag/selexipag patients, prostacyclin-associated AEs were less frequently reported in AC-065A303 compared to in AC-065A302 (for example, headache: 38.1% in AC-065A303 versus 60.3% in AC-065A302; diarrhoea: 23.8% versus 42.9%; nausea: 14.3% versus 39.7%). Analyses by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the exposure-adjusted prostacyclin-associated AE rates with selexipag. The frequencies of most of the prostacyclin-associated AEs were generally similar between selexipag-treated patients aged < 65 years old and those aged 65–74 years old. However, the incidence of many of these prostacyclin-associated AEs with selexipag relative to placebo was greater in patients who were treated with selexipag in addition to other PAH medications, compared to those who received selexipag monotherapy.
Analyses of AEs denoting anaemia in Study AC-065A302 showed that the incidence was higher in the selexipag group (10.4%) compared to the placebo group (8.0%), but none of the anaemia events in either group were fatal or led to discontinuation of study treatment. The incidence of anaemia events reported as SAEs was low in the selexipag group (1% versus 0.5% with placebo), as was the proportion of patients who received at least one blood transfusion (2.1% versus 2.3% in the placebo group). Laboratory analyses of haemoglobin levels suggested that selexipag was associated with greater decrease of haemoglobin compared to placebo (mean absolute changes from baseline to regular visits up to Month 36 in Hb: ranged from -3.4 to -0.16 g/L in the selexipag group versus -0.5 to 2.5 g/L in the placebo group), but the incidence of haemoglobin decreases to < 80 g/L at any time post-baseline was low (1.3% with selexipag versus 0.7% with placebo). The decrease in median haemoglobin concentrations in the selexipag group was apparent within 3 months of the start of treatment and the decrease was not progressive over time. This was supported by results showing that in patients who were on selexipag in both Studies AC-065A302 and AC-065A303, the incidence of Hb < 80 g/L any time post-baseline remained comparable in Studies AC-065A302 and AC-065A303 (3.2% versus 2.0%) while that of Hb < 100 g/L was lower in Study AC-065A303 compared to Study AC-065A302 (9.8% versus 19.0%). Although analyses by prevailing dose at the time of AE onset showed that there was no consistent increase in exposure-adjusted rate of anaemia as an AE of special interest across the selexipag dose range in the overall study treatment period (that is, titration plus maintenance period), analysis of anaemia as an AE of special interest by IMTD category during the titration period showed an increase in frequency with increasing dose (0 µg: 6.7%; 200 to < 600 µg bd: 8.9%; 600 to < 1600 µg bd: 9.8%; 1600 µg bd: 13.6%). The incidence of anaemia AEs in patients who received selexipag in addition to any of the other PAH-specific medications was higher compared to those with no PAH-specific medication (no PAH-specific therapy: 4.5% [vs. 6.7% in placebo group]; concomitant ERA monotherapy: 14.9% [vs. 9.2% with placebo]; PDE5i monotherapy: 11.1% [vs. 5.4% with placebo]; ERA and PDE5i: 11.2% [vs. 10.7% with placebo]).
This observed higher incidence of anaemia AEs in the selexipag group compared to the placebo group appeared to be unrelated to any increased bleeding risk with selexipag. The overall incidence of haemorrhage AEs (according to the SMQs of haemorrhage and gastrointestinal haemorrhage) in Study AC-065A302 was similar in the selexipag and placebo groups (15.5% versus 15.8%), as was the incidence of haemorrhage AEs that were fatal, serious or led to discontinuation of study treatment, and the incidence of major bleeding events (selexipag 2.4%, placebo 2.1%).
The overall proportions of patients with hypotension events in Study AC-065A302 was higher in the selexipag group compared to the placebo group (5.9% versus 3.8%), but the incidence of clinically relevant cases of hypotension (that is, those with a fatal outcome, or were serious, or led to discontinuation of treatment) was low and comparable between treatment groups (0.7% in each group). Analyses over time of blood pressure measurements showed that mean absolute changes from baseline in SBP and DBP were small and similar between treatment groups, and did not show any progression over time (mean changes from baseline in SBP: ranged from −2.0 to 1.5 mmHg in selexipag group versus −1.3 to 0.0 mmHg in the placebo group; mean changes from baseline in DBP: -1.6 to −0.1 mmHg versus −1.1 to 0.3 mmHg). This was generally supported by results showing that in patients who were on selexipag in both Studies AC-065A302 and AC-065A303, although the incidence of SBP < 90 mmHg was slightly higher in Study AC-065A303 (20.3%) than in Study AC-065A302 (17.5%), incidence of DBP < 50 mmHg was comparable between the 2 studies (1.6% in Study AC-065A303 versus 1.7% in Study AC-065A302). Analysis of AE rates by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the exposure-adjusted hypotension AE rates with selexipag. Hypotension AEs were reported more frequently in selexipag patients who were receiving concomitant PDE-5 inhibitors at baseline, particularly in combination with ERAs, compared to those who were not on any concomitant PAH specific therapy (no concomitant PAH specific therapy: 3.6% [vs. 2.5% with placebo]; PDE-5i: 5.8% [vs. 4.3% with placebo]; PDE-5i plus ERA: 8.4% [vs. 3.0% with placebo]; ERA: 4.3% [vs. 6.6% with placebo]).
Analyses of thyroid disorders as AEs of special interest showed that the incidence of thyroid disorder AEs was low in the selexipag group, although it was higher compared to the placebo group (2.1% with selexipag versus 0.5% with placebo). The majority of these thyroid disorder AEs in the selexipag group were non-serious and none were fatal. Analyses of AE PTs specifically denoting hyperthyroidism (PT hyperthyroidism and PT Basedowʼs disease) showed similar results, with low incidence in the selexipag group, but higher compared to placebo (1.6% versus 0%), and all were of mild (1.2%) to moderate severity (0.4%). Laboratory analyses of thyroid markers showed a small reduction in median TSH from baseline (up to −0.3 MU/L from a baseline median of 2.5 MU/L) at most visits in the selexipag group (compared to little change in median values in the placebo group). No associated changes from baseline in mean T3 and T4 were observed, and there was no apparent trend of progressive TSH changes over time. An analysis of AE rates by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the exposure-adjusted thyroid disorder AE rates with selexipag. It is noted that the sponsor has included under the ‘Precautions’ section of the proposed PI that ‘Thyroid function tests are recommended as clinically indicated’. This is considered appropriate.
Analyses of rash and skin disorders as events of special interest showed that the incidence was higher with selexipag (11.1%) than with placebo (8.3%). The most-commonly reported skin disorder AEs by preferred term were rash (4.5% with selexipag versus 2.8% with placebo) and erythema (2.3% versus 1.4%). None of these AEs in the selexipag group were reported as SAEs. An analysis of AE rates by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the exposure-adjusted rash and skin disorder AE rates with selexipag.
Safety results in supportive studies did not raise any additional safety concerns.
9. [bookmark: _Toc464567940][bookmark: _Toc467079916]First round benefit-risk assessment
9.1. [bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290888557][bookmark: _Toc436897326][bookmark: _Toc464567941][bookmark: _Toc467079917]First round assessment of benefits
The benefits of selexipag in the proposed usage are:
· Treatment of PAH in terms of potential benefits in reducing morbidity/mortality and in symptom relief.
Efficacy results in the pivotal study (AC-065A302) showed that there was a statistically significant relative risk reduction of 40% (1-sided unstratified log-rank p ˂ 0.0001) with selexipag compared to placebo for the occurrence of a morbidity or mortality event up to 7 days after the last study drug intake (primary endpoint). The number-needed-to-treat was 7.1 at 2 years, suggesting that 7 patients needed to be treated with selexipag in order to prevent one morbidity or mortality event in up to 2 years as compared to placebo. The relative risk reduction with selexipag compared to placebo for the occurrence of death due to PAH or hospitalisation due to PAH worsening up to 7 days after the last study drug intake was 30% (1-sided unstratified log-rank p = 0.0031).
Further analyses suggested that these observed effects were largely due to risk reduction of morbidity (especially hospitalisation due to PAH worsening and disease progression) rather than mortality, with results showing that overall survival (death from randomisation up to study closure) was comparable between selexipag and placebo (all-causality death: hazard ratio [selexipag over placebo] of 0.97, 1-sided unstratified log-rank p = 0.4214; death due to PAH: hazard ratio of 0.86, 1-sided unstratified log-rank p = 0.1763). Competing risks analysis to explore the treatment effect on the components of the primary endpoint also showed that patients on selexipag had statistically significantly lower risk of disease progression (p < 0.0001) and hospitalisation for PAH worsening (p = 0.0402) than patients on placebo, but no statistically significant difference was observed between selexipag and placebo for the risk of death (p = 0.0827) or for the risk of PAH worsening (p = 0.5342). However, it is noted that the study was not powered for mortality endpoints.
Analyses of the effect of selexipag on symptom relief in terms of improvements in exercise capacity (6MWD) were supportive of the beneficial effect of selexipag on symptom relief in patients with PAH. Results showed that after 6 months of treatment, the median treatment effect in 6MWD of selexipag versus placebo (that is, placebo-corrected median change from baseline in 6MWD) was 12.0 m (1-sided Wilcoxon-Mann-Whitney p = 0.0027). Analyses of changes in 6MWD over time showed that this treatment effect was generally sustained up to Month 30. The clinical significance of a treatment effect of 12.0m is unclear. It is noted that the sponsor has not pre-defined in the statistical analysis plan or protocol what would constitute a clinically relevant treatment effect. The EMA guidelines on the clinical investigation of medicinal products for the treatment of pulmonary arterial hypertension cited as an example that deterioration in 6MWT could be defined as a decrease of 15 % from baseline, but did not provide guidance as to a clinically relevant treatment effect. There are currently 3 IP receptor agonists approved for the treatment of PAH in Australia, and clinical results (in terms of 6MWT) described in the respective TGA-approved PIs were, for epoprostenol: ‘Results of the 12-week study showed that exercise capacity was improved in the 56 patients treated with FLOLAN (median distance walked in 6 minutes, 316m at 12 weeks versus 270m at Baseline), but it decreased in the 55 patients treated with conventional therapy alone (192m at 12 weeks versus 240 m at Baseline; p<0.001 for the comparison of the treatment groups).’; for iloprost: ‘at week 12, at least 10% increase in the six minute walking distance as compared to baseline was noted in 37.6% of the iloprost group and 25.5% of the control group (p = 0.059).’; for treprostinil: ‘the median change from baseline on Remodulin was 10 metres and the median change from baseline on placebo was 0 metres, the median between-treatment difference over placebo was 16 metres.’ The clinical significance of the treatment effect of 12.0m in 6MWD will be raised as a clinical question for the sponsor in Section 12.
However, analyses of the effect of selexipag on symptom relief in terms of changes in NYHA/WHO FC, CAMPHOR questionnaire symptom scores and Borg dyspnoea index all showed comparable results between selexipag and placebo. The difference in the proportion of patients with absence of worsening from Baseline in NYHA/WHO FC at Week 26 between the selexipag and placebo groups was not statistically significant (77.8% with selexipag versus 74.9% with placebo, 2-sided Breslow-Day p = 0.1916), although the proportion of patients with absence of worsening from Baseline in NYHA/WHO FC, and that of patients with improvement from Baseline in NYHA/WHO FC was mostly numerically higher in the selexipag group compared to the placebo group from Week 4 up to Month 36, and the proportion of patients who had worsened NYHA/WHO FC compared to Baseline was mostly numerically lower in the selexipag group than in the placebo group from Week 8 up to Month 36.
Subgroup analyses in the pivotal Study AC-065A302 on the primary efficacy endpoint, on time from randomisation to first of death due to PAH or hospitalisation due to PAH worsening up to EOT + 7 days, and on the absolute change from Baseline to Week 26 in 6MWD, showed that the treatment effect of selexipag across the subgroups were generally consistent with those in the overall study population, and there was no statistically significant heterogeneity of treatment effects across subgroups based on the interaction tests, including subgroups of PAH aetiology at baseline, NYHA/WHO FC, and concomitant PAH specific therapy at baseline.
Prostacyclin receptor agonists currently approved in Australia for treatment of PAH were epoprostenol, iloprost and treprostinil, none of which could be administered orally (epoprostenol is to be administered by continuous intravenous infusion, iloprost by inhalation, and treprostinil by continuous subcutaneous infusion). The availability of a prostacyclin receptor agonist that can be taken orally is therefore a potential benefit in increasing the ease of administration which can in turn increase patient compliance and reduce potential complications associated with intravenous or subcutaneous infusions.
9.2. [bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290888558][bookmark: _Toc436897327][bookmark: _Toc464567942][bookmark: _Toc467079918]First round assessment of risks
The main risks of selexipag in the proposed usage are:
· Prostacyclin-associated symptoms
· Anaemia
· Hypotension 
As would be expected for a prostacyclin receptor agonist, the incidence of prostacyclin-associated AEs in the pivotal Study AC-065A302 was higher in the selexipag group compared to in the placebo group (91.0% versus 62.2%), the most commonly-reported with selexipag being headache (65.2%), diarrhoea (42.4%) and nausea (33.4%). However, most of these AEs in the selexipag group were mild to moderate in severity (71.8%), and the incidence of prostacyclin-associated SAEs with selexipag was low (2.3%). Consistent with the expected pattern with an IP receptor agonist, the incidence of these prostacyclin-associated AEs with selexipag was higher during the initial up-titration period compared to during the maintenance period. In patients who were on selexipag in Study AC-065A302 and then continued on selexipag in the open-label Study AC-065A303, prostacyclin-associated AEs were less frequently reported in AC-065A303 compared to in AC-065A302, suggesting a possibility of development of tolerability or amelioration of these AEs over time. Analyses of exposure-adjusted rates by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the occurrence of these prostacyclin-associated AEs with selexipag. Subgroup analyses showed that the frequencies of these AEs with selexipag were mostly similar between patients < 65 years old and those 65–74 years old. However, the incidence of these AEs with selexipag relative to placebo was mostly greater in patients who were treated with selexipag in addition to other PAH medications, compared to those who received selexipag monotherapy.
Selexipag-treated patients in the pivotal Study AC-065A302 had a higher incidence of AEs denoting anaemia compared to the placebo group (10.4% versus 8.0%). However, none of these anaemia events were fatal or led to discontinuation of study treatment, and the incidence of anaemia events reported as SAEs was low in the selexipag group (1%), as was the proportion of selexipag patients who received at least one blood transfusion (2.1%; comparable with incidence with placebo of 2.3%), and the proportion of selexipag patients with Hb concentration decreases to < 80 g/L at any time post-baseline (1.3%). Mean absolute changes in Hb from baseline up to Month 36 with selexipag was modest, ranging from -3.4 to -0.16 g/L, and this decrease in Hb was apparent within 3 months of the start of treatment and was not progressive over time. This was supported by observations that in patients who were on selexipag in Study AC-065A302 and then continued on selexipag in the open-label Study AC-065A303 the incidence of Hb < 80 g/L remained comparable between Studies AC-065A303 and AC-065A302 (2.0% versus 3.2%) while that of Hb < 100 g/L was lower in Study AC-065A303 compared to Study AC-065A302 (9.8% versus 19.0%). This observed higher incidence of anaemia AEs with selexipag versus placebo appeared to be unrelated to any increased bleeding risk with selexipag. Analysis of anaemia AEs by individual maximum tolerated dose category during the titration period showed a dose-dependent trend, with an increase in frequency of these AEs with increasing dose (from 6.7% with 0 µg bd to 13.6% with 1600 µg bd). The incidence of anaemia AEs in patients who received selexipag in addition to other PAH-specific medications was higher compared to those with no PAH-specific concomitant medication (4.5% with no concomitant PAH therapy versus 11.1% to 14.9% with concomitant PAH therapy). As this effect on haemoglobin concentrations is an adverse effect that is monitorable by routine laboratory tests, these findings allowed clinicians to identify high-risk patients and treatment periods and be more vigilant in monitoring of Hb levels. The sponsor has not presented any data looking the reversibility of this effect. This will be brought up as a clinical question for the sponsor in Section 12.
Selexipag-treated patients in the pivotal Study AC-065A302 had a higher incidence of hypotension AEs compared to the placebo group (5.9% versus 3.8%). However, the incidences of clinically relevant cases of hypotension (that is, those with a fatal outcome, or were serious, or led to discontinuation of treatment) were low and comparable with that in placebo group (0.7% in both groups). Analyses of BP measurements over time showed that changes from baseline in SBP and DBP with selexipag were small and comparable with that in the placebo group, and did not show any progression over time (mean changes from baseline with selexipag in SBP: ranged from −2.0 to 1.5 mmHg; DBP: -1.6 to −0.1 mmHg). Analyses of exposure-adjusted rates by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the occurrence of these hypotension AE rates with selexipag. However, the incidence of hypotension AEs in patients who received selexipag in addition to other PAH-specific medications was higher compared to those with no PAH-specific concomitant medication (3.6% with no concomitant PAH therapy versus 4.3% to 8.4% with concomitant PAH therapy). It is also noted by the evaluator that this is an adverse effect that can be monitored by routine blood pressure measurements.
9.3. [bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290888559][bookmark: _Toc436897328][bookmark: _Toc464567943][bookmark: _Toc467079919]First round assessment of benefit-risk balance
The benefit-risk balance of selexipag, given the proposed usage, is favourable.
Efficacy results showed relative risk reduction of selexipag over placebo for the occurrence of combined mortality or morbidity events as well as beneficial effect on exercise capacity in terms of improvements in 6MWD. Although analyses in the pivotal study suggested that the use of selexipag did not improve survival, the study had not been powered for survival analyses. Safety results raised concerns mainly with respect to prostacyclin-associated symptoms, decreases in haemoglobin and hypotension. However, the prostacyclin-associated symptoms that developed with selexipag were mostly mild to moderate in severity. These adverse effects also occurred more frequently during the initial up-titration period compared to during the maintenance period, and results had suggested a possibility of development of tolerability or amelioration of these effects over time. The decrease in haemoglobin appeared to occur within 3 months of the start of treatment and thereafter was not progressive over time. The decreases were also modest, and the incidence of anaemia SAE and the proportion of selexipag patients with decreases of Hb to < 80 g/L post-baseline or had needed to receive at least one blood transfusion were low. In addition, this is an adverse effect that can be monitored by routine laboratory assessments. Although there was a higher incidence of hypotension AEs with selexipag compared to placebo, the incidence of clinically relevant cases of hypotension was low and the decreases in BP from baseline with selexipag were modest and did not show any progression over time. In addition, this is an adverse effect that can be monitored by routine blood pressure measurements.
The posology of oral administration is a potential benefit in increasing the ease of drug administration, which can in turn increase patient compliance. None of the prostacyclin receptor agonists currently approved in Australia for treatment of PAH (epoprostenol, iloprost and treprostinil) could be administered orally. With regards to the proposed dosing regimen of up-titration to individual maximum well-tolerated dose, results generally supported the proposed dosing regimen. Analysis on the primary efficacy endpoint of the pivotal study by individual maintenance dose (IMD) categories showed comparable effects across the IMD categories. In addition, safety analyses by prevailing dose at the time of AE onset showed that there was no clear dose-dependent trend for the exposure-adjusted overall AE or SAE rates with selexipag.
The proposed indication for selexipag, as stated in the proposed PI, is ‘for the treatment of:
· idiopathic pulmonary arterial hypertension
· heritable pulmonary arterial hypertension
· pulmonary arterial hypertension associated with connective tissue disease
· pulmonary arterial hypertension associated with congenital heart disease with repaired shunts
· pulmonary arterial hypertension associated with drugs and toxins
in patients with WHO functional class II, III or IV symptoms.
Uptravi is effective in combination with an endothelin receptor antagonist (ERA) or a phosphodiesterase-5 (PDE-5) inhibitor or in triple combination with an ERA and a PDE-5 inhibitor, or as monotherapy’
Subgroup analyses in the pivotal study on the primary efficacy endpoint and the endpoint of change from Baseline to Week 26 in 6MWD showed that the treatment effects of selexipag in the subgroups of PAH aetiology at baseline, concomitant PAH-specific therapy at baseline, and NYHA/WHO FC were generally consistent with those in the overall study population. In addition, subgroup analyses in the pivotal study of adverse events by baseline PAH aetiology showed that the overall incidence of AEs was generally comparable among the selexipag groups across the different PAH aetiology categories. Safety results suggested that the incidence of prostacyclin-associated AEs, anaemia AEs and hypotension AEs with selexipag was higher in patients who were treated with selexipag in addition to other PAH medications, compared to those who received selexipag monotherapy. However, as noted above, the majority of these AEs in the overall study population (the majority of whom had concomitant PAH-specific medication at baseline [80.5% in selexipag group]), were not severe or serious, and changes in haemoglobin and blood pressures were modest and not progressive, and were monitored with routine laboratory assessments or blood pressure measurements. It is noted that the sample size for the study population with aetiology of heritable PAH and PAH associated with drugs and toxins was small (2.2% [n=26] and 2.3% [n=27], respectively). However, this reflects the composition of the target patient population in clinical practice. The proposed indication wording with specification of the aetiologies covered by the indication is necessary as PAH is a disease condition with diverse aetiologies and as the study population in the pivotal study is limited to particular aetiologies these need to be stated clearly in the proposed PI. This proposed indication wording with specification of the aetiologies is also consistent with indication wording for the other currently approved IP receptor agonists in Australia.
With regards to the use of selexipag in patients across WHO FC of II to IV, it is noted that the majority of subjects in the pivotal study were of WHO FC II (45.8%) and III (52.5%), with only 1.0% (11/1156) in WHO FC IV. However, this reflects the composition of the target patient population in clinical practice. Subgroup analyses of the efficacy and safety endpoints in this small group of patients with baseline WHO FC IV would not have been viable in view of the very small sample size. The sponsor had performed efficacy subgroup analyses based on subgroups of baseline WHO FC I or II versus III or IV, and results were generally consistent with that of the overall study population. However, results of safety subgroup analyses based on subgroups of baseline WHO FC I or II versus III or IV were not presented in this submission. This would be raised as a clinical question to the sponsor.
9.4. [bookmark: _Toc464567944][bookmark: _Toc467079920]First round recommendation regarding authorisation
It is recommended that the application for the registration of selexipag for the treatment of pulmonary arterial hypertension in adult patients of WHO Functional Class II to IV be approved. This is subject to a satisfactory response to the Clinical questions raised (see below).
10. [bookmark: _Toc464567945][bookmark: _Toc467079921]Clinical questions
10.1.1. [bookmark: _Toc272414702][bookmark: _Toc290888568][bookmark: _Toc436897336]Pharmacokinetics
10.1.2. Question 1
Can the sponsor please provide an explanation for the 1.3 fold increase in selexipag Ctrough,ss following administration of the single tablet form of 1600 μg selexipag bd compared to when it was administered as 8 x 200 μg selexipag bd in Study AC-065-108?
10.1.3. Question 2
The evaluator could not identify a request for a biowaiver for the intermediate dose strengths in the evaluation materials. Therefore, can the sponsor please direct the evaluator to the location of the request for a biowaiver or provide a statement for a request for a biowaiver if it has not been provided by the sponsor?
10.1.4. Question 3
The 1.9 fold increase in Ctrough,ss for ACT-333679 identified in patients with PAH compared to healthy subjects in the PopPK/PD Study AC-065A302-PPK is unexpected. Can the sponsor please explain why they believe this is occurring and whether it is of concern, especially regarding the incidence of AEs in healthy subjects compared to patients with PAH? For instance, would the dose-dependent increase in HR identified in Study AC-065-106 be potentiated in subjects with PAH compared to healthy subjects?
10.1.5. Question 4
The PopPK Study AC-065A302-PPK provides a comparison of selexipag PKs in healthy subjects and in patients with PAH following dosing with 1600 μg bd This comparison indicates that difference in selexipag PKs exist between the two populations, in particular that there is a 1.9 fold increase in Ctrough in patients with PAH compared to healthy subjects (Table 10). The two studies used to source the data for this comparison (that is, Study AC-065-106 for healthy subjects and Study AC-065A302 for patients with PAH) also examined the PKs of selexipag following 800 μg bd dosing. Can the sponsor therefore identify whether the same difference in selexipag PKs exist between healthy subjects and patients with PAH following 800 μg bd dosing and in particular is selexipag Ctrough affected to the same extent in subjects with PAH at the lower selexipag dose?
10.2. [bookmark: _Toc272414703][bookmark: _Toc290888569][bookmark: _Toc436897337][bookmark: _Toc464567946][bookmark: _Toc467079922]Pharmacodynamics
None at this time.
10.3. [bookmark: _Toc272414704][bookmark: _Toc290888570][bookmark: _Toc436897338][bookmark: _Toc464567947][bookmark: _Toc467079923]Efficacy
10.3.1. Question 1
Please comment on the clinical significance of a treatment effect in 6MWD of 12.0m?
Rationale for question:
As described above, the clinical significance of a treatment effect of 12.0m is unclear. It is noted that the sponsor has not pre-defined in the statistical analysis plan or protocol what would constitute a clinically relevant treatment effect. There are currently 3 approved IP receptor agonists for the treatment of PAH in Australia, and clinical results (in terms of 6MWT) described in the respective TGA-approved PI were, for epoprostenol: ‘Results of the 12-week study showed that exercise capacity was improved in the 56 patients treated with FLOLAN (median distance walked in 6 minutes, 316m at 12 weeks versus 270m at Baseline), but it decreased in the 55 patients treated with conventional therapy alone (192m at 12 weeks versus 240 m at Baseline; p<0.001 for the comparison of the treatment groups).’; for iloprost: ‘at week 12, at least 10% increase in the six minute walking distance as compared to baseline was noted in 37.6% of the iloprost group and 25.5% of the control group (p = 0.059).’; for treprostinil: ‘the median change from baseline on Remodulin was 10 metres and the median change from baseline on placebo was 0 metres, the median between-treatment difference over placebo was 16 metres.’
10.4. [bookmark: _Toc272414705][bookmark: _Toc290888571][bookmark: _Toc436897339][bookmark: _Toc464567948][bookmark: _Toc467079924]Safety
10.4.1. Question 1
Please comment on whether there is any data that has looked at the reversibility of the effect of selexipag in haemoglobin concentrations, and provide these data or analyses results.
Rationale for question:
As described above, it is noted that the decreases from baseline of haemoglobin concentrations with selexipag were modest, appeared to occur within 3 months of the start of treatment and thereafter were not progressive over time. However, no data was presented with regards to reversibility of this effect. Knowing the reversibility of this effect would guide clinicians in the duration necessary in the monitoring of haemoglobin concentrations in patients who have ceased selexipag.
10.4.2. Question 2
Please provide safety results on subgroups of patients with baseline WHO FC I or II versus III or IV.
Rationale for question:
As described above, the sponsor is proposing use of selexipag for the treatment of PAH patients with WHO FC II to IV. It is noted that the majority of subjects in the pivotal study were of WHO FC II and III with only 1.0% (11/1156) in WHO FC IV, but that this reflects the composition of the target patient population in clinical practice and that subgroup analyses of the efficacy and safety endpoints in this small group of patients with baseline WHO FC IV would not have been viable in view of the very small sample size. The sponsor had performed efficacy subgroup analyses based on subgroups of baseline WHO FC I or II versus III or IV, and efficacy results were generally consistent with that of the overall study population. However, corresponding safety results comparing these subgroups were not provided.
11. [bookmark: _Toc464567949][bookmark: _Toc467079925]Second round evaluation of clinical data submitted in response to questions
11.1. [bookmark: _Toc436897342][bookmark: _Toc464567950][bookmark: _Toc467079926]Clinical questions
11.1.1. [bookmark: _Toc436897343]Pharmacokinetics
11.1.1.1. Question 1
Can the sponsor please provide an explanation for the 1.3 fold increase in selexipag Ctrough,ss following administration of the single tablet form of 1600 μg selexipag bd compared to when it was administered as 8 x 200 μg selexipag bd in Study AC-065-108?
Sponsor’s response
In Study AC-065-108, bioequivalence (the rate [maximum plasma concentration (Cmax) at steady-state (Cmax,ss)] and extent [area under plasma concentration-time curve (AUC) during a dose interval (AUCτ)] of absorption) at steady state was tested between the reference 8 x 200 μg strength film-coated selexipag tablets (Treatment A) and the test 1 x 1600 μg strength film-coated selexipag tablet (Treatment B) in healthy subjects [AC-065-108 Clinical Study Report (CSR)].
The geometric mean ratios (Treatment B versus A) and their 90% confidence intervals (CIs) for Cmax,ss and AUCτ for both selexipag and ACT-333679 were within the accepted bioequivalence limits of 0.80–1.25 (Table 20). Thus bioequivalence was demonstrated.
The 90% CIs of the median differences of the reference and test treatment for Tmax,ss of selexipag and ACT-333679 were 0.0, 1.0 and 0.0, 0.5, respectively, indicating no difference between treatments (Table 52).
Table 52: AC-065-108: Plasma PK parameters of selexipag and its metabolite ACT-333679 in healthy subjects (n=65) at steady-state (Day 23) after treatment with 1600 µg bd of selexipag in treatment A (reference) and Treatment B (test)
[image: ]
Analysis of plasma concentration at the end of one dose interval (Ctrough) at steady-state (Ctrough,ss), performed as part of the secondary pharmacokinetic (PK) analysis in Study AC-065-108 showed that the upper bound of the 90% CI for the geometric mean ratio of the Ctrough,ss value of selexipag was outside 80.00–125.00% (geometric mean ratio [90% Cl] of test: reference treatment: 1.30 [1.10, 1.53]). Geometric mean (95% CI) of Ctrough,ss (ng/mL) was 0.1 (0.08, 0.12) in Treatment A compared to 0.13 (0.11, 0.16) in Treatment B [AC-065-108 CSR]. Considering the very low (close to the bioanalytical limit of quantification of 0.01 ng/mL) and, consequently, highly variable selexipag concentrations measured at trough/pre-dose, the differences observed between treatments are considered negligible [AC-065-108 CSR]. The trough concentrations of the metabolite, ACT-333679, were higher compared to those for selexipag, therefore, the measurements were more reliable. The 90% CI for the geometric mean ratio of Ctrough,ss test: reference treatment for ACT-333679 was 1.08, 1.24 (within the interval of 80.00–125.00%) [AC-065-108 CSR].
Evaluator’s response
The evaluator is satisfied with the sponsor’s response.
11.1.1.2. Question 2
The evaluator could not identify a request for a biowaiver for the intermediate dose strengths in Module 1 of the evaluation materials. Therefore, can the sponsor please direct the evaluator to the location of the request for a biowaiver if it has been over looked, or provide a statement for a request for a biowaiver if it has not been provided by the sponsor?
Sponsor’s response
The sponsor did not provide a request for a biowaiver for the intermediate dose strengths in the original Marketing Authorisation Application (MAA) but would like to hereby request such a biowaiver. Justification for the biowaiver was contained in the original submission and has been provided in e-submission Sequence 0001, Justification for not providing Biopharmaceutical Studies. The biowaiver addresses the points in the TGA guidance document.
Evaluator’s response
The sponsor has now provided a ‘request for a biowaiver’ for the intermediate dose strengths of selexipag (that is, 400 μg, 600 μg, 800 μg, 1,000 μg, 1,200 μg and 1,400 μg film coated tablets). Having reviewed the new biowaiver the evaluator believes that the request for a biowaiver for the intermediate doses of selexipag is justified (please see below for further information).
Review of data that supports the application for a biowaiver
Although the bioequivalence of the intermediate dose strengths of selexipag was not examined by the sponsor, the results of Study AC-065-108, which identified bioequivalence between the 200 μg dose strength and the 1600 mg dose strength, are supported by a comparison of the in vitro dissolution profiles of multiple tablets of the 200 μg dose strength to that of a single tablet of higher dose strengths. These results demonstrated the technical equivalence between all dose strengths. In addition, the sponsor indicates that all dose strengths for commercialisation are of the same dosage form (that is, film-coated tablets), which are manufactured by the same manufacturer according to the same manufacturing process, the qualitative composition of the different selexipag film-coated tablet strengths is the same and that all tablets strengths have the same quantitative composition, except for the filler D-mannitol which changes to account for differences in the amount of active substance.
In addition, the evaluator considered the following specific criteria as per the TGA adopted guidance[footnoteRef:49]. [49:  ARGPM Guidance 15, section 15.9] 

The PK characteristics of the drug substance(s), such as permeability (or absolute bioavailability), linearity, first-pass effect (if any) and its significance
Although the absolute bioavailability of selexipag is unknown, as all attempts to develop an IV formulation of the drug were unsuccessful, and no studies directly compared the film-coated tablet formulation to an oral solution, Study PS003, examined the PKs of selexipag following a single, oral administration of 100 μg selexipag in a 10 mL solution. The results indicated that the mean Tmax and t1/2 and geometric mean Cmax and AUC0-inf values for selexipag were 0.65 h, 1.71 h, 4.07 ng/mL and 5.84 ng.h/mL (Table 3). The comparative results for the PK values following a single, oral, 100 μg dose of the tablet formulation in Study QGUY/2006/NS-304-01 were 1.26 h, 0.71 h, 2.20 ng/mL and 4.62 ng.h/mL, respectively. Although, there were differences between the Tmax, t1/2 and Cmax values for the two formulations the AUC values for both formulations were similar (approximately1.25 fold higher for the oral solution), indicating that overall the tablet formulation is absorbed almost to the same extent as the oral solution.
The clinical consequences of any potential differences in bioavailabilities of the products under consideration (for example, increased dose leading to toxicity or decreased dose leading to lack of efficacy)
The highest intended commercial dose strength of 1600 μg selexipag has been examined following administration of selexipag as a single film 1600 μg tablet bd and as 8 film-coated tablets of 200 μg bd at steady-state and the two treatments were found to bioequivalent in regards to selexipag PKs (Study AC-065-108). In addition, Study AC-065-101 identified dose-proportional PKs over the proposed therapeutic dose range. As all dose strengths of the proposed commercial formulation have the same quantitative composition, are the same size, have equivalent dissolution profiles and any differences between the tablets in regards to colour are only minor, it would be expected that the intermediate dose strengths would be bioequivalent with both the 200 and 1600 μg dose strengths examined in Study AC-065-108.
The margin between the minimum effective and minimum toxic plasma concentration
The safety analysis from Study AC-065-108 which examined the PK, safety and tolerability of selexipag following 1600 μg bd dosing, identified that during the course of the study there were: no deaths or SAEs, no differences in the frequency of AEs following treatment with a single film 1600 μg tablet bd and as 8 film-coated tablets of 200 μg bd and all AEs were of mild intensity. Therefore, it can be reasonably assumed that treatment with 1600 μg selexipag was well tolerated by the enrolled subjects.
The safety results for doses higher than 1,600 μg selexipag bd (that is, 1,800 μg bd) indicated that selexipag was less well tolerated due to an increase in moderate AEs (headache, myalgia and nausea), which required concomitant medication and the maximum tolerated dose of selexipag was set at 1,600 μg bd (Study AC-065-101). Therefore, at the highest proposed clinical dose (1600 μg bd) the PKs and safety profile of selexipag are known; therefore, it would appear that at this dose selexipag is extremely unlikely to be toxic.
11.1.1.3. Question 3
The 1.9 fold increase in Ctrough,ss for ACT-333679 identified in patients with PAH compared to healthy subjects in the PopPK/PD Study AC-065A302-PPK is unexpected. Can the sponsor please explain why they believe this is occurring and whether it is of concern, especially regarding the incidence of AEs in healthy subjects compared to patients with PAH? For instance, would the dose-dependent increase in HR identified in Study AC-065-106 be potentiated in subjects with PAH compared to healthy subjects?
Sponsor’s response
In Study AC-065A302, seven pre-dose plasma PK samples were drawn from each patient to obtain trough plasma concentrations of selexipag and ACT-333679. In addition, one post-dose sample at a specified time interval after drug administration (window sample) was taken from each patient at Week 16, visit 4 (sparse PK sampling) [AC-065A302 PK /pharmacodynamic (PD) report].
The main purpose of the PK modelling, using the PK samples during a dosing interval at Week 16 in Study AC-065A302 was to predict the PK model parameters (V/F, Vp, Vm, CL/F, kmet, km, ka) and to estimate AUCτ at steady state. The estimations of the effect of PK covariates and PK/PD analyses were performed based on the estimated steady-state AUCτ values [AC-065A302 PK/PD report].
Ctrough,ss values of ACT-333679 and the 1.9 fold increase compared to healthy subjects as displayed in table 22 of the AC-065A302 PK/PD report were estimated by a simulation of the 1600 μg dose based on the population PK model. Since AUCτ,ss estimation was based on exposure over an entire dosing interval (taking into account all window PK samples of the population at Week 16), it is considered robust. However, estimation of the concentration at a particular time point, such as Ctrough is not expected to be robust (for example,, models with similar goodness of fit can yield quite different Ctrough estimates, while the exposure estimates remain similar). The difference in model-predicted AUCτ,ss of ACT-333679 between healthy subjects and pulmonary arterial hypertension (PAH) patients was 1.2 fold [AC-065A302 PK/PD report].
In Study AC-065A302, the analysis of Ctrough concentrations used observed trough concentrations, separate from PK modelling. The summary statistics of Ctrough concentrations of ACT-333679, per visit and dose (last dose prior to PK trough sample) are presented in the CSR of AC-065A302 [GRIPHON CSR].
The arithmetic mean observed Ctrough,ss plasma concentrations of ACT-333679 among PAH patients in Study AC-065A302 were approximately 1.3 fold those in healthy subjects at doses of 800 and 1600 μg bd in Study AC-065-106. Taking into consideration the observed variability, this difference is considered small. Review of the median observed Ctrough,ss of ACT-333679 showed comparable values between healthy subjects and PAH patients at these doses.
As previously shown, when selexipag is administered at the highest tolerated dose achieved through a weekly up-titration scheme (AC-065A302), no difference in the safety profile across doses within the range from 200 to 1600 μg bd is evident.
In the thorough QT study (AC-065-106), as part of the cardiodynamic evaluation, the effect of selexipag on heart rate was analysed. The placebo-corrected increase from time-matched baseline heart rate (ΔΔHR, bpm) 1.5 to 3 hours post-dose was 6–7 bpm at 800 μg bd and 9–10 bpm at 1600μg bd [AC-065-106 CSR].
The AC-065A302 study employed a titration regimen based on individual patient tolerability, resulting in individual maintenance doses (IMDs) ranging between 200 and 1600 μg bd The assessment of change from baseline in pulse rate and electrocardiogram (ECG) derived heart rate at trough over time did not show any clinically relevant differences between the selexipag and placebo groups [GRIPHON CSR]. At the Month 12 visit, ECG variables were assessed 2 and 4 hours post-dose.
This analysis showed that the mean (median) placebo-corrected increase in heart rate from pre-dose for selexipag-treated patients at 2 and 4 hours post-dose was 3.7 (4.0) bpm and 1.1 (1.0) bpm, respectively [GRIPHON CSR], and thus of lower magnitude than the changes observed in healthy subjects in the Phase I study (AC-065-106).
Change from baseline in heart (pulse) rate assessed pre-dose at each study visit as part of vital signs assessments did not show any appreciable difference between the selexipag and placebo groups, or a trend over time [GRIPHON CSR].
In conclusion, the appropriate comparison of Ctrough,ss values between these two studies should be based on observed Ctrough,ss values rather than model-predicted Ctrough,ss values. Consistent with AUC results, there was approximately a 1.3 fold increase in observed Ctrough,ss of ACT-333679 in PAH patients compared to healthy subjects. This difference in Ctrough,ss of ACT-333679 (responsible for the majority of the drug effect) is not clinically significant and does not lead to any change in the safety profile of selexipag in PAH patients compared to healthy subjects. Review of the safety data in GRIPHON and the thorough QT study confirms this conclusion.
Evaluator’s response
The evaluator is satisfied with the sponsor’s response.
11.1.1.4. Question 4
The PopPK Study AC-065A302-PPK provides a comparison of selexipag PKs in healthy subjects and in patients with PAH following dosing with 1600 μg bd This comparison indicates that differences in selexipag PKs exist between the two populations, in particular that there is a 1.9 fold increase in Ctrough in patients with PAH compared to healthy subjects (Table 10). The two studies used to source the data for this comparison (that is, Study AC-065-106 for healthy subjects and Study AC-065A302 for patients with PAH) also examined the PKs of selexipag following 800 μg bd dosing. Can the sponsor therefore identify whether the same differences in selexipag PKs exists between healthy subjects and patients with PAH following 800 μg bd dosing and in particular is selexipag Ctrough affected to the same extent in subjects with PAH at the lower selexipag dose?
Sponsor’s response
The reviewer is kindly referred to the response to Question 3. The appropriate comparison of Ctrough,ss between Study AC-065-106 and GRIPHON should be based on the observed Ctrough,ss values and not on the model-predicted Ctrough,ss reported in the PK/PD report. Comparison of observed Ctrough,ss of ACT-333679 (responsible for the majority of the drug effect) at two doses of 800 and 1600 μg bd are displayed in Table 53 and Table 54. Consistent with AUC results, there was approximately a 1.3 fold increase in observed Ctrough,ss of ACT-333679 in PAH patients compared to healthy subjects.
Table 53: Arithmetic mean trough plasma concentrations of ACT-333679 at steady state
[image: ]
Table 54: Median trough plasma concentrations of ACT-333679 at steady state
[image: ]
The comparison of median Ctrough,ss of selexipag between Study AC-065-106 and GRIPHON at 800 and 1600 μg (Table 55) showed no more than a 1.2 fold increase in Ctrough,ss values in PAH patients compared to those in healthy subjects [GRIPHON CSR]. Due to the very low and, therefore, highly variable trough concentrations of selexipag, a reliable comparison of arithmetic mean Ctrough,ss values between the two studies was not possible.
Table 55: Median trough plasma concentration of selexipag at steady state
[image: ]
Evaluator’s Response
The evaluator is satisfied with the sponsor’s response.
11.1.2. [bookmark: _Toc436897344]Pharmacodynamics
Not applicable.
11.1.3. [bookmark: _Toc436897345]Efficacy
11.1.3.1. Question 1
Please comment on the clinical significance of a treatment effect in 6MWD of 12.0m?
Rationale for question:
The clinical significance of a treatment effect of 12.0m is unclear. It is noted that the sponsor has not pre-defined in the statistical analysis plan or protocol what would constitute a clinically relevant treatment effect. There are currently 3 approved IP receptor agonists for the treatment of PAH in Australia, and clinical results (in terms of 6MWT) described in the respective TGA-approved PI were, for epoprostenol: ‘Results of the 12-week study showed that exercise capacity was improved in the 56 patients treated with FLOLAN (median distance walked in 6 minutes, 316m at 12 weeks versus 270m at Baseline), but it decreased in the 55 patients treated with conventional therapy alone (192m at 12 weeks versus 240 m at Baseline; p<0.001 for the comparison of the treatment groups).’; for iloprost: ‘at week 12, at least 10% increase in the six minute walking distance as compared to baseline was noted in 37.6% of the iloprost group and 25.5% of the control group (p = 0.059).’; for treprostinil: ‘the median change from baseline on Remodulin was 10 metres and the median change from baseline on placebo was 0 metres, the median between-treatment difference over placebo was 16 metres.
Sponsor’s response
When comparing 6-minute walk distance (6MWD) results as observed in the GRIPHON study versus other studies, differences in endpoint definition, study design, patient demographics and baseline characteristics, and disease management have to be considered. Perhaps the most important difference between the referenced studies with IP-receptor agonists [Barst 1996, Olschewski 2002, Horn 2002] and GRIPHON is that these previous studies were conducted in a monotherapy setting in patients naïve to PAH-specific therapies. In contrast, in approximately 80% of patients in the GRIPHON study, the effect of selexipag on 6MWD was evaluated in combination with other PAH-specific therapies.
Three large studies provide consistent findings regarding what average placebo/control-adjusted 6MWD response can be expected with an endothelin receptor antagonist (ERA; macitentan in SERAPHIN [Pulido 2013], bosentan in COMPASS-2 [McLaughlin 2015]) or with selexipag (GRIPHON) in a mixed WHO FC II/III population with high prevalence of background PAH-specific therapy (64% in SERAPHIN, 100% in COMPASS-2, 80% in GRIPHON [including 32% of patients on two PAH background therapies]):
SERAPHIN (6 months): Median 15 m (97.5% CI: 2, 28)
COMPASS-2 (4 months): Median 13 m (95% CI: 3, 23)
GRIPHON (6 months): Median 12 m (99% CI: 1, 24)
In addition, the placebo-corrected median treatment effect on 6MWD in the subset of patients treated with selexipag as monotherapy in GRIPHON was 34 m (99% CI: 10, 63), providing clear evidence of an effect on exercise capacity similar to that reported from monotherapy studies in patients with WHO FC II/III [Gabler 2012].
Overall, these data do not provide any indication that the effect of selexipag on exercise capacity would be lower than that of currently approved PAH-specific medicines. Of more importance for a medicine aimed at delaying irreversible disease progression in PAH, the effect of selexipag on 6MWD was maintained over time in the long-term GRIPHON study. A significantly lower proportion of patients in the selexipag group (198 patients, 34.5%) compared to the placebo group (284 patients, 48.8%) experienced a drop (deterioration) in 6MWD ≥ 15% from baseline during the GRIPHON treatment period (sub-component of the primary endpoint). Landmark analysis [Anderson 1983] at 6 and 12 months identified a deterioration in 6MWD ≥ 15% as a strong risk factor for subsequent death (Figure 28).
Figure 28: Kaplan-Meier estimates of time of death from Month 6 up to Study closure (selexipag and placebo combined)-landmark analysis by occurrence or not of decline from baseline in 6MWD ≥ 15% prior to Month 6. Full Analysis Set, patient risk at Month 6
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In summary, the effect of selexipag on exercise capacity (6MWD) is within the expected range in a population largely on treatment with PAH medicines. The observed treatment effect of selexipag as monotherapy is consistent with that observed with approved PAH medicines, including IP receptor agonists. The clinical relevance of the achieved 6MWD effect with selexipag is further supported by responder analysis in the GRIPHON study. The mentioned references are provided in updated Module 5.4 Literature References.
Evaluator’s response
The sponsor provided additional comment that the studies with the other 3 IP-receptor agonists were conducted in a monotherapy setting in patients naïve to PAH-specific therapies, whereas in the GRIPHON study, the effect of selexipag on 6MWD was evaluated in combination with other PAH-specific therapies in approximately 80% of study patients. The sponsor provided comparison in the placebo/control-adjusted 6MWD responses between studies on 2 endothelin receptor antagonists (macitentan in study SERAPHIN and bosentan in study COMPASS-2) and the GRIPHON study, where there was a high prevalence of background PAH-specific therapy in the study populations (64% in SERAPHIN, 100% in COMPASS-2, and 80% in GRIPHON). Results were comparable among the 3 studies (SERAPHIN [6 months]: Median 15 m [97.5% CI: 2, 28]; COMPASS-2 [4 months]: Median 13 m [95% CI: 3, 23]; GRIPHON [6 months]: Median 12 m [99% CI: 1, 24]). In addition, the sponsor looked at the placebo-corrected median treatment effect on 6MWD in the subset of patients treated with selexipag as monotherapy in GRIPHON (34 m [99% CI: 10, 63]), showing that the effect on exercise capacity was similar to that reported from monotherapy studies in patients with WHO FC II/III (Gabler 2012: a study which looked at data from ten randomised placebo-controlled trials previously submitted to the US Food and Drug Administration; meta-analysis showed an average difference in Δ6MWD of 22.4 m [95% CI: 17.4 to 27.5], favouring active treatment over placebo). The sponsor concluded that overall, these data do not provide any indication that the effect of selexipag on exercise capacity would be lower than that of currently approved PAH-specific medicines. The sponsor’s response to this question is considered to be adequate and has not resulted in any changes to the conclusions of the first round of evaluation.
11.1.4. [bookmark: _Toc436897346]Safety
11.1.4.1. Question 1
Please comment on whether there is any data that has looked at the reversibility of the effect of selexipag in haemoglobin concentrations, and provide these data or analyses results.
Rationale for question:
It is noted that the decreases from baseline of haemoglobin concentrations with selexipag were modest, appeared to occur within 3 months of the start of treatment and thereafter were not progressive over time. However, no data was presented with regards to reversibility of this effect. Knowing the reversibility of this effect would guide clinicians in the duration necessary in the monitoring of haemoglobin concentrations in patients who have ceased selexipag.
Sponsor’s response
Quantification of haemoglobin changes and anaemia adverse events (AEs) in the GRIPHON study
Compared to the general population, PAH patients have a higher incidence of co-morbidities, including cardiac failure and complications of connective tissue disease, as well as medications (such as ERAs) that predispose them to anaemia and/or bleeding. Iron deficiency has been frequently reported in idiopathic PAH patients [Rhodes 2011, Ruiter 2011].
Selexipag was shown to be associated with a modest increase in the incidence of AEs denoting anaemia compared to placebo (10.4% versus 8.0% in the selexipag and placebo groups, respectively) in the double-blind, placebo-controlled GRIPHON study (Safety analysis set) [Summary of Clinical Safety (SCS)].
Changes in haemoglobin concentration over time showed a small and non-progressive decrease within 3 months of treatment initiation [GRIPHON CSR] that is not considered to be clinically relevant. Up to Month 36, the greatest decrease from baseline at any time in median haemoglobin concentration was 3.0 g/L in the selexipag group and 1.0 g/L in the placebo group [Integrated Safety Analyses]. Furthermore there was no imbalance in the proportion of patients who received blood transfusion or had serious AEs of anaemia between the selexipag and placebo groups [SCS]. None of the anaemia events led to discontinuation of study treatment.
No haemoglobin values were collected beyond treatment cessation dates.
Reversibility of marked low haemoglobin values
In order to assess reversibility of treatment-emergent haemoglobin decreases, longitudinal data of patients presenting with a haemoglobin value of < 100g/L at any time were reviewed by the sponsor for a response to study drug dose reduction, iron substitution, and transfusions (Table 56).
Table 56: Summary of treatment-emergent marked laboratory abnormalities LL or LLL in haemoglobin and interventions, GRIPHON, Full analysis set[image: ]
An improvement to a value ≥ 100 g/L without a record of initiated iron substitution or blood transfusion was observed in 15/55 (27.3%) of patients in the selexipag group at any time following the initial low value, suggesting some degree of spontaneous reversibility of anaemia. In the placebo treatment group, this was the case in 8 out of 35 patients (22.9%). Other factors did not show a consistent impact on the resolution of anaemia.
In conclusion, the observed onset of haemoglobin decrease within 3 months from the start of treatment and lack of worsening over time excludes a progressive underlying pathology. Reversibility of anaemia has been observed both with iron substitution and without any specific intervention. No specific guidance can be provided regarding monitoring of haemoglobin following selexipag cessation due to the lack of follow-up data. Given the small observed decrease in mean haemoglobin concentrations that reached clinical significance in a few patients only, the sponsor does not propose specific guidance or monitoring regarding haemoglobin.
Evaluator’s response
The sponsor performed additional analyses to assess reversibility of treatment emergent haemoglobin decreases by reviewing longitudinal data of patients presenting with a haemoglobin value of < 100g/L at any time, looking for a response to study drug dose reduction, iron substitution, and transfusions. Reversibility of anaemia (last on-treatment Hb value ≥ 100g/L) was observed with iron substitution in 17/55 (63%) of patients in the selexipag group and 17/35 (89.5%) in the placebo group. Following study dose reduction, reversibility of anaemia (last on-treatment Hb value ≥ 100g/L) was observed in 11/55 (47.8%) of patients in the selexipag group. An improvement to a value ≥ 100 g/L without a record of initiated iron substitution or blood transfusion was observed in 15/55 (27.3%) of patients in the selexipag group at any time following the initial low value (placebo group: 8/35; 22.9%), suggesting some degree of spontaneous reversibility of anaemia. The sponsor is of the opinion that no specific guidance can be provided regarding monitoring of haemoglobin following selexipag cessation due to the lack of follow-up data, and that given that the overall observed decreases in mean haemoglobin concentrations were small and mostly not reaching clinically relevant levels, the sponsor does not propose specific guidance or monitoring regarding haemoglobin. The sponsor’s response to this question is considered to be adequate and has not resulted in any changes to the conclusions of the first round of evaluation.
[bookmark: _Toc436897367]Table 57: Summary of treatment-emergent marked laboratory abnormalities LL or LLL in haemoglobin and interventions, GRIPHON, Full analysis set
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11.1.4.2. Question 2
Please provide safety results on subgroups of patients with baseline WHO FC I or II versus III or IV.
Rationale for question:
The sponsor is proposing use of selexipag for the treatment of PAH patients with WHO FC II to IV. It is noted that the majority of subjects in the pivotal study were of WHO FC II and III with only 1.0% (11/1156) in WHO FC IV, but that this reflects the composition of the target patient population in clinical practice and that subgroup analyses of the efficacy and safety endpoints in this small group of patients with baseline WHO FC IV would not have been viable in view of the very small sample size. The sponsor had performed efficacy subgroup analyses based on subgroups of baseline WHO FC I or II versus III or IV, and efficacy results were generally consistent with that of the overall study population. However, corresponding safety results comparing these subgroups were not provided.
Sponsor’s response
The positive benefit–risk assessment of selexipag is based primarily on the overall patient population in GRIPHON and is supported by the consistent efficacy and safety profile across all key subgroups. Additional safety data for World Health Organization (WHO) functional class (FC) I/II and III/IV are provided below.
Baseline demographics and PAH disease characteristics
The baseline characteristics and key demographic variables for the GRIPHON study population varied between patients in WHO FC I/II and WHO FC III/IV. In comparison to the FC III/IV patients, patients in FC I/II were younger (mean age 44.6 versus 51.1 years), lighter (mean weight 68.7 versus 73.3 kg), had a shorter median time since PAH diagnosis (0.9 versus 1.2 years), and a longer median 6MWD (394.5 versus 345.0 m). There were also differences in geographical distribution, with a higher proportion of FC I/II patients in Asia (26.0% versus 14.2%) and a lower proportion in Western Europe/Australia (18.2% versus 36.1%), compared to other regions.
The use of PAH-specific therapy at baseline differed between patients in WHO FC I/II and WHO FC III/IV. In the selexipag group, no PAH-specific therapy was reported for 26.6% in WHO FC I/II, compared to 12.8% in FC III/IV. Correspondingly, the use of two PAH-specific medicines was reported for a higher proportion of WHO FC III/IV patients (41.9%) compared to FC I/II patients (19.8%). Comparable trends were observed for the placebo group.
Previous and concomitant diseases at baseline Previous and concomitant diseases at baseline in patients in WHO FC I/II and WHO FC III/IV were generally comparable between the selexipag and placebo groups and were generally reported for a lower proportion of patients in WHO FC I/II compared to WHO FC III/IV. Differences were identified in the system organ class (SOC) Cardiac disorders, with a somewhat higher proportion of FC I/II patients randomised to selexipag presenting cardiac disorders at baseline (41.6% selexipag versus 34.4% placebo), compared to a higher proportion of WHO FC III/IV randomized to placebo presenting cardiac disorders at baseline (47.3% selexipag versus 50.5% placebo).
Dose
The analysis of IMD according to WHO FC I/II and III/IV showed no appreciable difference in IMD categories distribution between WHO FC cohorts.
Safety
Overall, the nature of reported AEs was similar in the WHO FC I/II and FC III/IV cohorts. Consistent with the information provided in the Adverse Effects section of the proposed PI, the most commonly reported adverse reactions related to the pharmacological effects of Uptravi are headache, diarrhoea, nausea and vomiting, jaw pain, myalgia, pain in extremity, arthralgia and flushing. The frequency of these events was similar in the WHO FC I/II and III/IV cohorts.
As for WHO FC III/IV, AEs reported in the WHO FC I/II subgroups associated with the mode of action of selexipag (that is, prostacyclin-associated AEs) were reported more frequently in the selexipag arm, whereas AEs associated with PAH were reported more frequently in the placebo group. Other AEs were reported in a comparable frequency between both treatment arms or showed only small differences (Table 58).
Table 58: Adverse events in ≥ 4% of patients in any group Safety analysis set, GRIPHON study 
[image: ]
AEs leading to discontinuations
A total of 61 and 69 selexipag-treated patients in WHO FC I/II and III/IV, respectively, discontinued study drug treatment prior to study closure without having experienced a primary endpoint event]. The main reason reported was the occurrence of an AE, which was the reason reported for premature discontinuation of 31 and 41 patients in the WHO FC I/II and III/IV cohorts, respectively. In the placebo group, AEs were reported as the reason for premature discontinuation of study drug at a comparable frequency in the WHO FC I/II (17) and FC III/IV (16) cohorts.
In selexipag-treated patients in WHO FC I/II and III/IV, the most frequent AEs reported as leading to discontinuation of study medication more frequently than in the placebo group were headache, diarrhoea, nausea and myalgia. No apparent difference in these events was evident between the WHO FC cohorts (Table 59). These events are in line with the expected PD action of selexipag.
Table 59: Adverse events leading to study drug discontinuation ≥ 4 patients in any group Safety analysis set GRIPHON study
[image: ]
Serious adverse events
A lower proportion of selexipag-treated patients in WHO FC I/II had a serious adverse event (SAE) compared to those in FC III/IV (38.7% versus 48.6%, respectively). The placebo-adjusted frequency of SAEs by SOC in the selexipag group was generally comparable between the WHO FC I/II and FC III/IV cohorts. SAEs of the Cardiac disorders SOC were not more frequent in WHO FC I/II patients in either the selexipag or the placebo groups compared to WHO FC III/IV (WHO FC I/II: selexipag 8.2%, placebo 11.7%; WHO FC III/IV: selexipag 15.2%, placebo 15.3%).
Laboratory assessments
No appreciable differences for notable haematological laboratory abnormalities were apparent between the WHO FC I/II and FC III/IV cohorts in either the selexipag or the placebo group. For biochemistry abnormalities, no relevant differences between the selexipag group and placebo group were evident in WHO FC I/II patients.
Vital signs
The frequencies of notable vital sign abnormalities were comparable in the WHO FC I/II and FC III/IV cohorts for both the selexipag and the placebo groups.
Summary
In conclusion, observed differences in demographics and PAH background characteristics between WHO FC I/II and FC III/IV patients are expected and largely reflect patients’ disease stage. There is, however, evidence of a significant overlap between WHO FC II and III patients in baseline parameters reflecting disease severity. The safety profile of selexipag shows a general trend for overall less AEs and laboratory abnormalities as well as fewer serious AEs in FC II compared to FC III. This is also reflected in a notably lower number of discontinuations in FC I/II compared to III/IV. Taken together, the assessment of benefit-to-risk for selexipag in both WHO FC cohorts is considered to be positive. This has been demonstrated by a comparable effect size on the primary endpoint for both WHO FC cohorts, and a comparable safety and tolerability profile for WHO FC I/II compared to WHO FC III/IV.
Evaluator’s response
The sponsor performed additional analyses on subgroups of patients with baseline WHO FC I or II versus III or IV. Results were generally comparable between the 2 subgroups (Table 60). The percentages of selexipag patients with any AEs were 97.8% and 98.6% in the WHO FC I/II and III/IV groups, respectively. Similar to the safety results in the overall population, the most commonly reported AEs in the selexipag groups were headache (63.8% in WHO FC I/II versus 66.6% in WHO FC III/IV), diarrhoea (40.1% versus 44.6%) and nausea (33.0% versus 34.1%). The sponsor’s response to this question is considered to be adequate and has not resulted in any changes to the conclusions of the first round of evaluation.
[bookmark: _Toc436897368]Table 60: Adverse events in ≥ 4% of patients in any group, Safety analysis set. GRIPHON study
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12. [bookmark: _Toc464567951][bookmark: _Toc467079927]Second round benefit-risk assessment
12.1.1. [bookmark: _Toc272414709][bookmark: _Toc290888575][bookmark: _Toc436897349]Second round assessment of benefits
After consideration of the responses to clinical questions, the benefits of selexipag in the proposed usage are unchanged from those identified in the First round.
12.2. [bookmark: _Toc272414710][bookmark: _Toc290888576][bookmark: _Toc436897350][bookmark: _Toc464567952][bookmark: _Toc467079928]Second round assessment of risks
[bookmark: _Toc272414711][bookmark: _Toc290888577]After consideration of the responses to clinical questions, the risks of selexipag in the proposed usage are unchanged from those identified in the First round.
12.3. [bookmark: _Toc436897351][bookmark: _Toc464567953][bookmark: _Toc467079929]Second round assessment of benefit-risk balance
The benefit-risk balance of selexipag, given the proposed usage, is favourable. The benefit-risk balance in the subgroups in the proposed indication of treatment of
· idiopathic pulmonary arterial hypertension
· heritable pulmonary arterial hypertension
· pulmonary arterial hypertension associated with connective tissue disease
· pulmonary arterial hypertension associated with congenital heart disease with repaired shunts
· pulmonary arterial hypertension associated with drugs and toxins 
in adult patients with WHO functional class II, III or IV symptoms, to be used in combination with an endothelin receptor antagonist (ERA) or a phosphodiesterase-5 (PDE-5) inhibitor, or in triple combination with an ERA and a PDE-5 inhibitor, or as monotherapy 
has been assessed and is found to be favourable.
13. [bookmark: _Toc464567954][bookmark: _Toc467079930]Second round recommendation regarding authorisation
It is recommended that the application for the registration of selexipag be approved for the proposed indication of treatment of:
· idiopathic pulmonary arterial hypertension
· heritable pulmonary arterial hypertension
· pulmonary arterial hypertension associated with connective tissue disease
· pulmonary arterial hypertension associated with congenital heart disease with repaired shunts
· pulmonary arterial hypertension associated with drugs and toxins
· in adult patients with WHO functional class II, III or IV symptoms to be used in combination with an endothelin receptor antagonist (ERA) or a phosphodiesterase-5 (PDE-5) inhibitor, or in triple combination with an ERA and a PDE-5 inhibitor, or as monotherapy.
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, . (qalistones), Muli-organ dysfunction)
All patients randomized to selexipag were included in the Safety analysis set. Of the patients randomized to placebo,
4Mmmwﬂﬂymmdmmwﬁm!ks:ﬁlymﬂys‘ssﬂ In addition, 1 patient
(Patient D randomized to placebo received a single dose of § tablets of selexipag due to an error in the
dispensation of the medication bottle. This patient was assigned to the selexipag group in the Safety analysis set
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Table 20 AC-065-108: Plasma PK parameters of selexipag and its metabolite
ACT-333679 in healthy subjects (n = 65) at steady-state (Day 23) after
treatment with 1600 pg b.i.d. of selexipag in Treatment A (reference) and

Treatment B (test)
Treatment A Treatment B Treatment B/
(reference, 8 x 200 g tablets) __(test, 1 x 1600 g tablet) Treatment A
Selexipag
ATC, 163 6.0 099
(hng/mL) (42.1,50.8) (40.0,52.9) (0.92,1.06)
Comaxc 165 173 104
(ng/mL) (14.9,18.3) (14.9,20.0) (0.95,1.14)
mazes 3.00 3.00 05
[ (1.00,6.00) (1.00, 5.00) (0.0, 1.0)
Croughss 0.10" 0.13 130
(ng/mL) (0.08.0.12) (0.11,0.16) (110, 1.53)
ACT-333679
AvC, 1202 1209 1.00
(hng/mL) (109.7,131.6) (107.2,136.4) (0.95,1.06)
Connss 233 235 101
(ng/mL) (21.5,25.3) (20.8,26.5) (0.94,1.07)
mazes 4.00 4.00 0.0
) (2.00, 6.00) (2.00,6.00) 0.0,0.5)
Crrongh: 358 416 116
(ng/mL) (.12,4.12) (3.61, 4.80) (1.08,124)

Treatment A =up-titration phase followed by 8 x 200 pg tablets b.id. for 4.5 days, Treatment B =up-titration phase

followed by 1 x 1600 pg tablet b.i.d. for 4.5 days.

Data for Treatment A and Treatment B are geometric mean (95% CI) and for t,, ., median (range). Data for Treatment
B/Treatment A are ratio of the geometric means and 90% CIs (estimated from the mixed-effects models), and for t,
‘median difference and 90% CI

*n=64, AUC, =area under plasma concentration-time curve during a dose interval; b.id= twice daily; CI = confidence
interval; C oy, = maximum plasma concentration at steady-state; Coougs. = plasma concentration at the end of one dose
interval at steady-State; t,,.. = time to reach maximum plasma concentration at steady-state.

Source: AC-065-108 CSR, Module 5.3.1.2, table 6.

macss
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Table 23 Median trough plasma concentrations of selexipag at steady state

Dose of selexipag (ng) 800 1600
AC-065-106
Median (ng/mL) 0.06 0.10
GRIPHON
Median (ng/mL) 0.07 0.10
0.98

Fold-change 119
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selexipag Placebo

(N=55) (N=35)
n (%) n (%)
First qualifying value* = IL 54 (98.2) 34 (97.1)
Last on-treatment Hb value >= L 197 ('35.2) 177 ('50.0)
First qualifying value* = LIL 1( 1.8 1( 2.9
Last on-treatment Hb value >= L 0 1 (100.0)
Last on-treatment Hb value >= IL 0 1 (100.0)
At least one on-treatment Hb value >= Baseline 25 ( 45.5) 24 ( 68.6)
after the qualifying value
Iron substitution** = YES 27 ( 49.1) 19 (54.3)
Last on-treatment Hb value >= Baseline 10 ('37.0) 127 (€3.2)
Last on-treatment Hb value > qualifying value 17 ( 3.0 17 ( 89.5)
Study drug dose reduction*** = YES 23 ( 41.8) -
Last on-treatment Hb value >= Baseline € (26.1) -
Last on-treatment Hb value > qualifying value 11 ( 47.8) -
Iron substitution** or transfusion*** or dose reduction*** = YES 38 ( 69.1) 21 ( 60.0)
Last on-treatment Hb value >= Baseline 15 ('50.0) 12 (€6.7)
or all AEST anemia resolved
Last on-treatment Hb value > qualifying value 23 ( 60.5) 18 (85.7)

or all AESI anemia resolved

LL: < 100 (g/L), LLL: < 80_(g/L), Hb = Hemoglobin

* treatment-emergent Hb value either LL or LLL

** within 30 days prior to or on/after the day of the first qualifying value
*+* on or after the day of the first qualifying value

Table THGRMA F - Produced by guaybol on 24SEP15 - Data dump of 12JUN2014
(Page 1/1)
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Pharmacokinetic variables of NS-304 by dose group (Part A)
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Pharmacokinetics of selexipag and the metabolite MRE-269

MRE-304
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n=5

Conar ng/mi
geometric mean (sd) min, max

4.07 (224) 2.31,7.95

2.04(04) 1.44,2.50

AUC os ng/mih
geometric mean (sd) min, max

581 (2.09) 2.52,8.17

132 (5.72) 7.63,22.80

AUC g.ne ng/mih
geometric mean (sd) min, max

584 (2.1) 253,821

13.4 (5.72) 7.9,23.1

T max h
mean (sd) min, max

065 (0.34) 0.25,1.00

1.95(1.19) 1.25,4.00

Tine h
mean (sd) min, max

1.71(1.1) 074,3.09

7.88 (3.33) 4.61, 13.40

Vd T
mean (sd) min, max

417 (19.3) 232,705

92.2 (41.9) 51.0, 153.0

cL mijmin
mean (sd) min, max

336 (184) 203, 658

140 (49.4) 72.2,211.0





image6.png
Plasma PK variables of selexipag and its metabolite ACT-333679 in healthy subjects at steadv-state
afier reatment with 1600 s ofseexipag b.i.d. as Treatment A (rference treatment) or Treatment B
(tet treatmen). Per-protocol set (N = 6.
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Treatment A= up-fization phae followsd by 45 days b.id. § 200 g ables, Trestment B = up-Giration phase
followed by 4.5 days bid. 1 1600 ug ablet. Data fo Treatment A and Treatment B are geometic mean (95% CT)
20d or 1. median (rnge). Dita for Treatment B/Trestment A ave rtio of the geomenc meanz and 90% CI
(estiumated from the mixed-effects models), €XCept f g . for which median differences and 90% Cls are presented
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Summary of descriptive statistics for the pharmacokinetic parameters of ACT-293987 on every 3

day in each period
27253587, Provocol: AC-085-101

rd

1In text Table 748: Sumuary of descriprive statistics for the pharmacokinetic parameters of ACT-293987 (or ACT-333679)

on every 3rd day in each period.
Znalysis set: Per-protocsl set
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Power model assessment of dose proportionality of Cy,s (ng/mL) and AUC, (h*ng/mL) for
ACT-293987 and ACT-333679 on each 3" day after a dose escalation

ACT-293987, Protocol: AC-065-101

1In text Table o: Power fodel assessment of dose proportionality of Cnax (ng/nl) and AUCE (hng/ml) for ACT-293987
2nd ACT-333679 on each 3rd Day after a dose escalavion.

Znalysis set: Per-protocl st

90% CI for slope ——

Bnalyte  PK paremeter Insercept Slope  Lower limit Upper limit  theca=.5

ACT-203987 AUt [n*ng/al] -4.5076 0.9729 0.8831 1.0628 0.5392 1,450
Crax [ng/nl] 57381 1.0285 0.5288 11272 05352 1.ac08

ACT-333679 AUCO-12 [n'mg/ml]  -1.8282 0.6155 0.7708 0.8681 0.5392 1.2508
Crax_[ng/nl] 317088 08307 017623 0

952 0.5352 1lac08
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Final model: population PK parameters

Parameter Estimate __ Std.Emor __ %CV __povalue
tag () 0.668 0.041 3
K, (1/h) 1.080 0022 2
VF (L) 1.400 26
body weight on V. 0220 28 000042
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K (1) 0.007 10
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body weight on Vi 0200 24 000007
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Ky (170 0.008 2
omega_tg 0044 B
omega_k, 0015 3
omega_VyF 0035 16
omega_CLF 0048 9
omega_ki» 0075 H
omega_k: o011 10
omega_Va/F 0.027 1

3 0015 17
omega_kss 0037 32
omega_ky 0043 35
omega Ly 0012 13
b_1 (prop. error parent) X 00088 2
b_2 (prop. error metabolite) 0341 0.0056 2

oy absorption lag fume; ;. dbsorption Tate constat, V,/F nd V- appareat vohume of dstibufion of pareat 70
metabolit, sespectively; CLI: apparent clearance pareat: ki, ki K, ke transfer ate constants between central
and peripheral conpartments; Ko transfer (metabolism) ate constant; K’ elimination ate constant (metabolite),
9%CV: Coefficient of Variation (%). Omega denotes a random effect o the corresponding parametr.





image10.png
Plasma pharmacokinetic parameters of selexipag in healthy subjects and subjects with liver
impairment after administration of a single dose of 200 or 400 ng selexipag.

Parameter [unif] _Statistics Group s Group B Group C GroupD
Comfgml] N 3 8 2 3

Geo. mean 3873 5363 2204 1919

05%Clofgeo. mean 28205302 39147349 NA 15252415
o [8] N 3 H 1 3

Geo. mean 1621 2101 - 1066

05%Clofgeo. mean 12562002 15913010 - 0.789-1.442
AUC, [agbiml] N 3 H 2 3

Geo. mean 10863 23319 11457 5220

95%Clofgeo. mean 860113719 1690532168 NA 44306159
AUCyx [ng*h/ml] N 8 8 1 8

Geo. mean 10017 23457 - 5255

95%Clofgeo. mean 863713798 1699232381 - 4467.6.182
(0] N 3 H 2 3

Geo. mean 0546 0m1 1004 0563

95%Clofgeo. mean 04620645 0526-1015 NA 0426.0.743
tawe ] N 3 H 2 3

Medizn 1000 2000 2000 1000

MinMax 1.004.00 1.00-6.00 1.003.00 100-2.00

For Group C, summary statistics for 2 subfects calculated f0r G, AUCs, CW/C, a0 . Results should be used only
for data review without statistical relevance. For ty, and AUG., only data of 1 subject available and therefore no.
statistics calculated.

AUCy = Area under plasma concentration-time curve from zero to infinity; AUCy. = Area under plasma
concentration-time curve from zero to time t of the last measured concentration above the limit of quantification; Cge
‘Maximm plasma concentration; Cw/C = Unbound fraction of study drug; t,, = Terminal half-ife; t,,, = Time to reach
‘maximum plasma concentration: N = Number; NA = Not applicable.

‘Group of subjects: A = Mild hepatic impairment, B = Moderate hepatic impairment, C = Severe hepatic impairment, D'
= Healthy subjects matched o Group B. Administered doses are 400 g for Groups A, B, D and 200 pg for Group C.
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Proposed metabolic pathways of selexipag in humans
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* possible intermediates were only observed in in vitro incubations and not in human plasma
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Final PopPK model parameter estimates

Parameter Description Estimate Sl %CV pvalue
Error (covariates)
g (B) ‘Absorption lag time 067 B B
k() Absorption rate constant 071 004 5
V/F @) Apparent volume of 1290 200 16
distribution, central
compartment selexipag
Body weight on Vp/F Covasiate effect 120 030 25 0000
CLF (Lh) Apparent selexipag clearance 1910 160 3
Body weight on CL/F Covasiate effect 061 015 25 0000
Total bilirubin on CL/F Covasiate effect 040 007 18 0000
kyz (1) Transfer rate constant central 009 002 18
to peripheral compartment
sclexipag
ke (1) Transfer rate constant 006 001 17
peripheral to central
compartment selexipag
VoF L) Apparent volume of 465 0.80 17
distribution, central
compartment ACT-333679
Body weight on V/F Covaiate effect 088 018 21 0000
P Metabolism rate constant 067 012 18
selexipag to ACT-333679
T (VD) Transfer rate constant central T4 03 »
to peripheral compartment
ACT-333679
ks () Transfer rate constant 018 003 14
peripheral to central
compartment ACT-333679
K () Elimination rate constant 049 008 16
ACT-333679
Sex on ke Covariate effect 015 005 31 0001
PAH co-medication on ky Covariate effect 015 006 38 0008
(ERA)
PAH co-medication on ky Covariate effect 007 005 77 0190
(PDES inh)
PAH co-medication on ky Covariate effect 037 005 14 0000
(ERA and PDES inh)
Inter-individual variability (standard deviation)
omega_tis 192 020 10
omega_k, 039 005 12
omega_V/F 031 012 38
omega_CL 073 003 4
omega_kn 025 018 B
omega_ky 106 013 12
omega_Va, 010 025 241
omega_kue 005 042 788
omega_ks 047 018 39
omega_ks 089 014 16
omega_k,, 027 006 20
Residual error terms
bl Proportional error sclexipag 075 001 2
b2 Proportional error ACT-333679 049 001 2
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Comparison of model prediction of PK parameters for a reference
healthy subject based on healthy and patient model for steady-state
doses of 1600 g b.i.d.

Comgrss  C o Comss Crarss AUCss AUCs
Selexipag  40q Selexipag ~ ACT- Selexipag ~ ACT-
ne/ml) 333670 (ng/ml) 333670 (h*ng/mL) 333679

(ng/mL) (ng/mL) (h*ng/mL)

AC-065-106% 017 45 57 25 04 153

AC-065A302* 018 85 25 21 556 183

Fold-change Tllx 119x 113x 113x 113x 112x

* Subject-specific parameters were st fo typical for healthy subjects: body weight 80 k. sex male,

‘bilirubin 13 pmol/L. naive to PAH co-medication.
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Plasma pharmacokinetic parameters of ACT-333679 in healthy subjects and subjects with liver
impairment after administration of a single dose of 200 or 400 ug selexipag.

Parameter [unif] __Statistics Group A Growp B Group C GroupD
Cos [ngiml] N 3 3 2 3

Geo. 4531 5260 2345 3830

5% Clofgeo. mean 30876651 4.621-5.988 NA 29514905
o[ N 3 3 2 3

Geo. 6477 15027 7277 12596

05%Clofgeo. mean 48528646 1013125040 NA 007817476
AUGy,[og'hml] N 3 3 2 3

Geo. 20236 55429 36602 24960

95%Clofgeo mean 2020342310 4234172563 NA 2161128820
AUCpw [ng*h/ml] N 8 8 2 8

Geo. 20620 56107 36879 25330

5% Clofgeo. mean 2060242585 4282073516 NA 2192920258
cuc %) N 3 3 2 3

Geo. 0.620 0361 1205 0643

5% Clofgeo. mean 05410731 0.620-1.178 NA 04940837
o ] N 3 3 2 3

Median 5000 6000 5500 4000

MinMax 300600 4.00-7.00 500600 400600

For Group C, summary statistics for 2 subjects calculated for Caas, AUCs:, CWC., and tass. Results should be used only
for data review without statitical relevance.

AUCo.. = Area under plasma concentration-time curve from zero to infinity: AUCy., = Area under plasma
‘concentration-time curve from zero to time t of the last measured concentration above the limit of quantification; Cass =
Maximum plasma concentration: Cw/C = Unbound fraction of ACT-333679: t1= Terminal half lfe; tuus = Time to
reach maximum plasma concentration: N = Number; NA = Not applicable.

‘Group of subjects: A= Mild hepatic impairment, B ~ Moderate hepatic impaimment, C = Severe hepatic impairment, D
‘Healthy subjects matched to Group B. Administered doses are 400 g for Groups A, B, D and 200 g for Group C.
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Geometric mean ratios and 90% confidence interval of Cuas, AUCs, AUCq:, and t1y, and median
difference and 90% confidence interval of tue for selexipag comparing healthy subjects and subjects
with liver impairment.

Cas n AUCy, AUCG.. cwe [%] sz 1]
Selesipag
AwD 16 16 16 16 16 16
20178 15108 20773 20774 09701 000
1510126961 1132520396 1679825689 1680025690 0761812353  -1.00.0.00
BusD 16 16 16 16 16 16
27043 20549 44504 44638 12000 050
2090037358 1430828517 3408158350 3411258412 094717900 000300
CwsD 10 ° 10 ° 10 10
22060 13409 43819 30105 17848 050
1568433638 0649627682 20777.64483 2037044404 1128528227 NA
ACT-333670
AwD 16 16 16 16 16 16
11802 05142 11713 11604 09776 100
0834516692 0371407119 0871715740 0874115643 0779712257 000100
BusD 16 16 16 16 16 16
13701 12645 22207 22150 13381 200
1101317046 0834219160 1768827880 1763227827 0985818161 100200
CwsD 10 10 10 10 10 10
12219 05777 29400 20119 20125 100
0782519078 0330510100 2023042708 2004542300 129103.1375 NA

‘Group of subjects: A = Mild hepatic impairment, B = Moderate hepatic impairment, C = Severe hepatic impairment, D
Healthy subjects matched to Group B. Statistical importance of comparison group C vs group D is limited by data of
Group C: only 2 subjects included. For t,5 and AUCy... only data of 1 subject was available and this individual value
‘was used for calculation of the ratio. Results should be used only for data revierw without statistical relevance.

AUC;... = Area under plasma concentration-time curve from zero to infinity: AUCy., = Area under plasma
concentration-time curve from zero to time t of the last measured concentration above the limit of quantification; Cye =
Maximum plasma concentration: Cw/C = Unbound fraction of study drug or ACT-333679: t;= Time to reach
‘maxinum plasma concentration: N = Number: NA = Not applicable.

Data are mumber of subjects, ratio of geometric means and its 90% CL. and for t,, the median of difference and its 90%
CI Exact Hodges-Lehmann estimation of confidence intervals of median difference (C-D) could not be calculated.

Administered doses are 400 g for Groups A, B, D and 200 pg for Group C. For comparison of AUCo, AUCs.., and.

Caus between Group C and D with different doses administered, dose-normalized Cags, AUCs:, and AUCo, were used.
for calculation of geometric means ratios and their 90% CL.
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Geometric mean ratios (8 subjects with SRFI vs 8 healthy subjects) and their 90%
CIs for PK parameters of selexipag and ACT-333679, Per protocol set (N = 16)

Parameter [unit] Statistics Selexipag ACT-333679

Cae [ng/mL] Ratio of geom. means 1.7412 14292
90% CT of the ratio 1.2018, 2.5227 0.9779, 2.0888

tyn [0] Ratio of geom. means 07571 16116
90% CT of the ratio 0.4909, 1.1677 1.1248, 2.3090

AUCq 1y [ng*h/mL]  Ratio of geom. means 1.7465 1.5681
90% CT of the ratio 1.3308, 2.2920 0.9866, 2.4925

AUC,.. [ng*/mL]'  Ratio of geom. means 1.7292 16140
90% CT of the ratio 1.3240, 2.2585 0.6142, 42415

CLJF [L/h]' Ratio of geom. means 05781 -
90% CT of the ratio 0.4427,0.7551 -

cu/C (%] Ratio of geom. means 07319 1.0249
90% CT of the ratio 0.1572,3.4074 0.6485, 1.6199

[h] Median difference 050 0.00

90% CT of the median -0.50, 1.00 -1.00, 1.00
difference

L only 13 subjects for selexipag and 9 subjects for ACT-333679 were included in the analysis
2 only 7 subjects for selexipag and 15 subjects for ACT-333679 were included in the analysis
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Covariate effects in the final model

Parameter _Covariate Coefficient Notes
v, Body weight 12 Volume increases with higher body weight
Vo=V, pup(o/70)"
Va Body weight 0.88 V=V pop (bW/70)°%
L Total bilimubinat 040 Clearance decreases with higher bilirubin
‘baseline CL=CLyc (bilirubin/10)*
L Body weight 0.61 Cleasance increases with higher body weight:
CL=CL,, (bw/70)"*"
k,,, PAHMED PAHMED k is smaller on PAH co-medication ERA, PDES
Nawve: k,=049 inhibitors, and both (compared to naive)
ERA: k=057
PDEST: ku=0.52
both: k=071
k,,, Sex 49 (female)  The difference for male (to the reference group

16,=0.57 (male)

female) is given as exp(0.15)=1.17 such that
‘male subjects are predicted to have a 17% higher
ks than female subjects.
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Pharmacokinetic parameters of NS-304, MRE-269 and MRE-6001 following a
single oral dose of NS-304 under fasting conditions in healthy adult male

volunteers
Dose. Cas o [ AUCo..
] (ng/mL) @ @ (ng-h/mL)
200 704+ 353 108+ 020 0917+ 01% 155+ 87
NS 304 400 15+ 3.1 LO0: 000 152+ 065 205+ 55
600 173+ 47 108+ 020 236x 099 389+ 123
200 005+ 523 283+ 026 868: LI Sa1x 277
MRE269 400 12+ 27 307+ 09 644+ 148 706+ 181
600 1705 38 307+ 068 618+ 192 124x 50
200 203+ 074 207+ 093 704% 201 930+ 241
MRE-6001 400 2055 L2 507+ 221 34 12 23.1% 57
600 128+ 146 075+ 572 440+ 502 250+ 127

(meanSD,n=6
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Power model analysis of the relationship between Cpax/ AUCo of NS-304 and
MRE-269 and the dose of NS-304 following a single oral dose of NS-304 in healthy
adult male volunteers (slope and the 95% confidence interval)

95% confidence inferval
Parameter S Tpper it Lower lmit
Cam 086 04% L1
NS e 0846 049 126
e Cm= = 0258 100

AUCo. 0.746 0332 116
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Pharmacokinctic parameters of NS-304 and MRE-269 following a single oral dose
of NS-304 (400 pg) under fasting conditions and after meals in healthy adult male
volunteers

Dose Coax o tiz AUCo.
ey (ogimL) o) ® (oghimL)
Tnder
NS304 fotng 1132 38 100% 000 167% 071 205% 67
400 conditions
Afrmeals 7542 197 1882 085 1325 036 173% 4%
Under
MRE6S 0 fwng 107 32 275+ 087 654 LSS 615+ 200
conditons
Afermeals 1022 40 3252 087 6325 085 (9% DA

*Pairod t-test revealod a significant difference from the under fasting condition group P= 00397 (mean:t SD, n=4)
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90% confidence interval of the difference in the geometric mean values of the

Togarithmically transformed Coax and AUCo... of NS-304 and MRE-269 following a
single oral dose of NS-304 (400 g) under fasting conditions and after meals in
healthy adult male yolunteers

‘Difference i the mean values transformed_90% confidence interval

Parameters logarithmically *
Cox 0676
D —
AUCon 0353
Cax 0929
MRE26 AUCo... 0879

*Calculated as a raio (after mealshunder fasting conditions )
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Summary of pharmacokinetic parameters of selexipag and its active metabolite
ACT-333679, Per-protocol set (N = 20)

Treatment Treatment Treatment B/ Treatment A
A B
Selexipag
Cau [ng/mL] 471 975 207
(371:59) (1.23-13.15) (1672.58)
ts [h] 1.60 234 146
21211 @032 (L16.1.85)
AUC [ng*h/mL] 1062 23381 224
8521324 17643214 (1872.68)
AUC(- gl ] 1068 2387 224
(857-1331) 7.60-3221) (1872.68)
tmax [B] 100 1.00 0.00
(1.00-2.00) (050-5.00) (0.00,1.00)
ACT 33367
Cau [ng/mL] 561 745 133
(481-653) (597:9.30) (L12158)
iz [b] 9.80 635 065
(781-1230) (520-7.75) (0540.78)
AUC [ng*h/mL] 3067 3313 108
(253937.04) (256342.83) (091128)
AUC(- gl ] 3101 3335 108
(25.6937.44) (258243.08) (091128)
tmax [B] 200 200 0.00
(2.004.00) (1.00-5.00) (0.000.00)

Treatments: A = Selexipag (400 ug). B = Selexipag (400 pig) + Kaletra® (400/100 mg). Data for Treatment A and
Treatment B are geometric mean (95% CT) and for tus, median (range). Data for Treatment B/Treatment A are ratio of
the geometric means and 90%, except for tu, for which median differences and 90% Cls are presented.
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PD model visualization: 6-MWD vs AUCqmbinea for different baselines,

grouped by disease status (NYHA/WHO functional class) and total
bilirubin at baseline

0 10 %0 0 010 %0
Bilirubin BL 6 Bilirubin BL 6 Bilirubin BL 6 Bilirubin BL 6
NYHAWHO 2 NYHA/WHO 4
= [
© [
27 [
[ —— _ [
=07 i T 1 ot
B Bilirubin BL 11 Bilirubin BL 11 Bilirubin BL 11
b4 NYHAWHO 2 NYHAWHO 3 NYHA/WHO 4
ki
H
S
2 . —
§ Bilirubin BL 32 Bilirubin BL 32 Bilirubin BL 32 Bilirubin BL 32
NYHA/WHO 1 NYHAWHO 2 NYHAWHO 3 NYHA/WHO 4

T T T T T T T T T T — T
10 50100 300 1 50100 300

AUC combined (h*ng/m.)
6MWT baseline: 1945 (q5%) —— 375 (q50%) ——— 447 (q95%) == ==

Colors indicate 6-MWD baseline distances of 194.5 (blue). 375 (pink). and 447 m (green).
Lines show the relationship between the 6-MWD and exposure (AUCcombined) for 6-MWD

at baseline of 194.5 (blue), 375 (pink), and 447 m (green). Each panel shows a particular

sub-group, e.g., the top left panel shows the model-predicted relationship for a subject with
total bilirubin at baseline of 6 pmol/L and NYHA/WHO functional class L.
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Placebo-corrected change from time-matched baseline heart rate
(AAHR, bpm) across treatment groups and timepoints

AAHR

10

Tims (h)

00 gselenipag 81600 elesprg —amMoifloracin

Results from descriptive statistics (Table 15.3.7A of the Cardiac Safety Report in [Section 15.3]). Mean £ 90% CI

presented. QT/QTe analysis set.
800 ug selexipag: Day 11; 1600 g selexipag: Day 23; Moxifloxacin: Day 2 or Day 24.
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Placebo-corrected change from time-matched baseline QTel
(AAQTel, ms) across treatment groups and timepoints

AAQTel

i

10

800 selexipag  —- 1600y selexpag  ——Modoach

Results ffom the statistical modeling, assuming equal variance across treatment and timepoint (Table 15.3.4B of the
Cardiac Safety Report [Section 15.3]). Mean + 90% CI presented. QT/QTe analysis set.

QTel = QT interval corrected using the individualized formula.

800 ug selexipag: Day 11: 1600 ug selexipag: Day 23; Moxifloxacin: Day 2 or Day 24.
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QTecl per absolute categories (> 450 ms, = 480 ms, and > 500 ms)
across treatment groups

Subject Erent
Trament Ty S@0ms - 4bm 0w Sdm - @im > %0m
FY A AN U] PYCAN Y CA Y ()
S0pgsdexipes 84 10%) o o 0w e o o
160 pgsclesipas S5 0 o om0 o o
Mosfloxacn 66 3(5%) o 0 s aEn o o
00 pg slexipag
e T 670 o o sm o o o
1600 g selexipa
e 660 o o sse o o o
Moxiloxacin
oo 66 20%) o 0 s 2619 o o

"N = mmier of sbjectsimepoints incliled n the et (74) = mamber of SUbecis mepoints (percenags ofrespecive
NJ; QTd = QT interval comected using the individualized formula,
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QTel per change-from-baseline categories (> 30 ms and > 60 ms)
across treatment groups

Subject Ereat

Treatment N Rm  sam o Sm sam

PYC YOS PYCARYCY
500 pg slexipag “ o o 1090 o o
1600 pg slexipag B o o 7 o o
Morifloxadn & 4@ o s s o
800 g slexipag placsbo @ o o s o o
1600 g selexpag placebo & o o 556 o o
Moxifloacin placcbo “ o o 556 o o

"N = mumbcr of subjects i mepoints inclued n the St (79) = mmber of SUbects imepoins (parcertage of respacive
N) Qe = QT interval comected using the individualized formula.





image28.png
PD model visualization: Total bilirubin at steady state vs exposure for
different baseline levels, grouped by PAH etiology

10 50 100 300
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PD model visualization: Leukocytes at steady state vs exposure

different baseline levels, grouped by PAH etiology
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PD model visualization: hemoglobin at steady state vs exposure

different baseline levels, grouped by PAH etiology
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' EOS Visit was to be performed within 4 weeks of Study closure announcement. For patients who had a
CEC-confirmed MM event or discontinued study drug before Study closure, the EOS Visit was
performed following the morbidity event or following premature discontinuation. A Post-treatment
safety follow-up phone call was performed for all patients who discontinued treatment.

% Study closure was announced when the target number of CEC-confirmed MM events was achieved.

3 If study AC-065A303/GRIPHON OL was approved by the National Health Authority, patients who
were on study drug at Study closure and who wished to enter study AC-065A303/GRIPHON OL once
the GRIPHON study results confirmed a positive benefit-risk for selexipag were required to enter the
Treatment Extension period.
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selexipag (up to 1600 pgb.id) selexipag (up to 1600 pg b.id)

Maintenance Period

Titration Period 6 montlly visits and phone calls
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Period Duration

Dose regimen

First dose Day 1 evening (p.m) 200 ug Ttablet

Up-titration  Day2am toDaySam 200 pgbid. 1tabletbid.
DaySpm toDay15am 400 ugbid.* 2 tablets b.id.
DaylSpmtoDay22am  600pgbid* 3 tablets b.id.
Day22pm toWeek4am  800pgbid* 4tabletsb.id
Week4pm toWeekSam 1000 ugbid* 5 tablets b.id.
Week Spm toWeek6am 1200 pugbid* Gtablets b.id.
Week 6pm toWeek7am 1400 ugbid* 7 tablets b.id.
Week 7pm to Week 12am 1600 ugbid* S tablets b.id.

Maintenance __From Week 12 onwards ‘Maximal tolerated dose: 200-1600 ygbid __1-8 tablets bid

bid —twice a day
* Or the highest tolerated dose up to Week 12.
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lysis stage Efficacy Futility

(anticipated cumulative  Cymulative Guidance® to reject Hy

Cumulative ~ Guidanee’ to accept Hy
number of events') alpha’ spent

pvalue  Zescore  betaspent  pvalue  Zescore

Interim (202 events) 0.00005 <0.00005  >3.8906 0.0013 =05 =0
Final (331 events) 0.005 <0.004991 >2.5764 0.1 >0.004991 <2.5764

TIf aumber of events observed at the Mterim analysis differed Fom 202, the iierim boundaries were 10110 be changed.
2 Al significance levels (alpha) were one-sided.
* The boundaries for the final analysis were definite whereas they were only guidelines for the DMC at the interim

stage.
DMC = Data Monitoring Committee.
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Selexipag Placebo
N=574 Ne582
n 3 n 3
Full analysis set
Patients included 574 1008 582 1003
, Safety analysis setv
Patients includedt 574 1008 578 99.3%
Batients excluded ] 4 0.3%
Per-Protocol analysis set
Patients included $64 98.3% 572 98.3%
Patients excluded 10 178 10 L7
QoL analysis set
 Patients included 241 42.0% 250 43.0%
Patients excluded 333 58.0% 332 $7.0%
Ophthalmologic analysis set
54 9.4% 48 e
534 81.8%

,  Patients included
Patients excludsd 520 90.68

Qof. = Quality of Life, FK= Pharmacokinetics.
#1 patient (Pavient 1601-21235) randomized to placsbo received a single dose of § tablets of

seléxipag due €o an error in the dispensaticn of the medicaticn bottle [Table 10-4, Seccion 12].
This patient vas assigned to the selexipag group in the Safety analysis sst, i.e., Selexipag,
K = 575 and Placebo, N = 577,
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Selexizag
H=574
n %

Exclusion from safety analysis sec
No study drug received

Exclusion from per-protocol analysis ssu
OFf treatment for more than 4 wesks at any point
B3H Eelonging ©o the Dana Point Group 1 stbgroups excluded per
prozocol
@ interrupted with reason not related To BAH
EAH Eelonging to the Dana Point classification Groups 2-5
o study drug received

Exclusion frcm QoL analysis set
No suitable language of the CAVPHOR questicnnaire available at

site

Exclusion fzcm ophtalmologic analysis set
Did not participate in the ophthalmologic sub-study
Yo study drug received

el el

0.7

333 58.0% 332 57,08
333 38.0% 332 57008

520 90.63 534 8L.8%
330 eles 33 ellgs
- ERERH

QoL = Quality of Lifs, PK= Fharmacokinetics.




image37.png
Extimated survival function (Kaplan-Meier) %

Hazard Ratio: .61
955G 0.6051)

One-sided pualue: <0.0001
o
S ‘ 13 1 B E) B3
Months since randomization
seospag
a7 ass Y x5 m o w©
i 0 ) £ 2 A )
consred| 0 & s = = 3 20
Pacebopatents:
w5 2 2 s o =
ot 0 7 128 16 1 w0 m
consosa| 0 = 10 155 s = a

vt it CEC-contimad anse e 1o 16 Aug 201 e vt a3 v




image38.png
Extimated survival function (Kaplan-Meier) %

Hazard Ratio: 0.60
550 0.8078)
One-sided pulue: <0.0001
o
Months since randomization
(s ass - a5 n o w©
i I = e 5 1 )
consred| 0 = = i I 2 H
st 0 o 50 07 = = 0
concored| 0 P E 165 zn = By




image39.png
- e

»
H
H
§
i
H
3
H
gn
£ b w05
|G oo

Gre-sde prasoe: <00001

o

1 . 3 ) 1 » »

Months since rancmizaion

Pr—

wlsen W om w o »
P I 5 0w om ow
et m m o om W w
e pns:

w0 w w P
P T S S S S 1
a5 o woom m W

Evnts Wit CEC-confimed onget date p 10 16 Aug 2011 e nckided s vt
e s




image40.png
Frimary endpornt defaition Statztical (et model Gelemipag versws Remals

Slacebo), Analysi set 1-sidad log-rack test
statstic (p-ralus)
Hazard ratio Q-5ided 9% CD)
“AICEC confirmed MM svents wp  Unciraaied roporiond hazards model 502 (p-0.0001)
107 day: afer st sudy drug imtake  FAS. 060(046,078)
e FOT=7d)
Al CECconfrmed M vty Logrmsk ot i proporionl bz 511 00007
WEOT+Tdw ‘model satfied by geographical egion, 0.9 046, 078)
Fas
I CECconomed M vty Log-rack 1t md proporsonsl bz 393 00007
©EOT+Tdwe model statfied by PAH etology FAS __061(046.079)
AL CECconfrmed M eventwp  Log-rank tst and proporons] bazsrds 486 (p-0.0001)
WEOT+Tdw model statfied by modified 061047,080)

NYHAWHO FC at Baceline, FAS

“AICEC confirmed M events wp  Log rank tst and proporonal bazards 499 (50,0001
WEOT+Tdw model satfied by concomitant PAH 0,60 (0.46,079)
medication at Baseline (ve- no). FAS

I CECconfomed M vty Log-rank test mnd proportionsl bazsrds 381 00007

WEOT+Tdw model statfied by modified 061047,080)
NYHATWHO FC at Baceline and
concomitant PAH medication at

Baeline FAS
TATCEC-confimed M evest:  Unstratfied proportonal hazards modsks, 495 (p=0.0001)
304 MM events not CEC-confimed  FAS 061047,079)

it sty drug discontinued within
21 daye afercncet date of e MM.
event | up o EOT + 7 days.

“AILCECconfimed M evests wp  Unciraaied proporiond hazards model, 499 (p-0.0001)

0 EOT+7 days andlost o ollow.  FAS. 060(046,079)
o in the Treatment Period.

“AICECconrmed MM events vy Uncisafied proporiond s model 437 G000
0 EOT +7 days including sigms of  FAS 065051,083)
disezse worsening at tme of

prematue study drag

Giscontimustion 3 event:

et 202 CECconiumed 3] Uoieiied sd sovtfed gk e 299 00007
event wp 0 EOT + 7 day. and proportional hazards model, First 065 (0.45,094)

(counting st CEC-confirmed MM 670 randomized patients
events up t0 16 Avgust 2011 30

s
Al CEC-confimed VM everts vp_ Uncraihed log-rack fest and TE G000]
WEOT 7di sroportions bazuds model FAS, subsst 0.62(047.051)
of patients with typical o consitent
AH
AU CEC sofrmed M et wp  UnstBd log vk et d TR G-0000)
oEOT < 7dne proporaonal bazrd: model. Per 058044,076)
protocal st
AN evest reporied by e Unstanfed ograck it d T o0
mvestigator(arespecive of proporsonal zard: model 064050,08)
confimaion by he CEC) 0
EOT-7de
AN eventrported by e Unsraied ogank tstand. 500 <0.0001)

‘proportonal bazards model 060(046,078)





image41.png
[——— »
& o

0 e oves 1u: S SES

L ———

O ncoml s o bl =077
i sonason m 8w
s e = 08578)

i erlogy 1 basene 5 =075
st Ewpe  Astta same @ 3w

et -l il = o pucts n e, el = No it wih event e, 1
N A ot A,
R ol e 7 G 19t 5 1 o 120, T ) s s h et et




image42.png
o [ ] =

x

Extimated sundval funcion (Keplan-Mieier) %

Month since randomization

Seeipay D 200-500 mcg psnts:

sl o . » N s
[ % 5 B = 2 5
seloipag M0 600-1100 mcypains:

awkuo 12 s m 2 2 2
Bk ® E % # 2 i
S M0 1200-1600 mca patnts:

swlas o 7 121 @ 5 B
By i 4 % 3 % &

® ® ® ®

s





image43.png
b LLLE

B

msovNomow o

(1w uepauw) uBnon e OIS
Ul yisin 0 auaseq o, sueD

96 umoK

02 Wuor

72 umoK

84 Yuow

24 yuow

92 S

91 e

RS

Number of patients®:

selexipag — 529

137
122

297
279

397
87

495 460
507 445

Placsbo — 547




image44.png
100

s
0
&
a
s

2
H
i
H

i

Number of patients
Plhcsto s we w0 - ™ n - .

Selexipag s s o - = = u. "

95% confidence limits using the Clopper-Pearson formula are displayed.




image45.png
Palients wih FG improvement Patients with FC worsening

s o
50 us
0o s
50 o
00 o
0 o
£ o "
- 50 20
o MENE, NNNEEE o MEN, HHE
L FEE R g
Number ofpatiets™
Soipeg Wi 9 M 4 45 W 2 M %
Poctn o smosm s 2w
Pttt o s e

UHO FC- s Hesit Craanization Functional Class

morth 24
morth 30
morth 38




image46.png
H

3

3

£ | mamaworn

: | manse
LS oo

Monihs since randomizaion





image47.png
e =z
et e < b2180

&
o
B

<. s« o gt e <.t i e S0, ) - N of s e

ase




image48.png
w

Estimated survival function (Kaplan-Meier) %

—— seloipag

©
»
Hazard Ratio: 0.76
95%CE 060,0.95)
One-sided p-value: 0.0081
° B 2 ® P 0 B
Months since randomization
Selexpag patients
avisk | 574 = s m = 0 s
et | 0 w ™ o e 12 »
consorsd | 0 b} & 15 2 B 30
Placebo parents:
avisk | s62 06 % 26 220 s 51
vt | 0 5 ) 15 w7 5 w
consorsd | 0 ” i 118 i = 364

Evens ith CEC.confimed onset dat up 10 16 Aug 2011 are ncued 25 evens.
e S S S e Sty o S S




image49.png
8.0

s o
g w0
5 a0
25 mo- = Selexipag, medan
52 o = Placebo, median
g8 20~
58 w0
cE
55 e
s 00
T
© 300 -
400~

T2 e 2 ¢ 2 3 8 8 2

E T g E £ £ £ £ £ B

. : 3 % % OE %

= E E E E E E

Number of patients™
Selexipag ® 549 523 496 s a9 1B am
Paccbo % 53 544 s0e ws ws oe s 2 & s

“patients vith non-missing values. Only patients with non-missing value at both baseine and
at the visit are included




image50.png
Determination of the

Transiton to the.
open-extension

S
final optimized dose. study
s —
Acute 800 g bid.orplacsbo |
hemodynanic T 1
study 600 g biid of placebo i
| Visits to hospltal |
400 pg bifd. or placebo every four weeks | ]
200 ug bid. bo | !
|200 g bid. or piace
Do D1 D3 o7 D21 D35 WKIT  Wk21
t1 )
S~ Efficac
Hospitalization Visits to hospital catitan
(optional, up to (D21 visitis optional)
seven days)

‘Subjects were randomized into the study following screening and prior to participation in the
‘acute hemodynamic part of the study. After Day 3, the dose could have been lower than that
shown, based on tolerability.




image51.png
ACT-293957

Allcreated HD set

Pacients included 10 100 33 1008
Safecy HD sec

Pacients includsd 10 100 33 1008
Per-protocol D set

‘Patients includsd & e0.0z 27 8%

Pacients exciuded 420l 182t
All-creared I8 set

Pacients included 10 100 33 1008
Sagecy D5 sec

‘Pavients includsd 10 100 33 1008
Per-protocol D8 set

‘Pavients included & e0.0z 29 87.9%

Pacients exciuded 420l 21211%
All-enrolled

Pacients included 10 100 33 1008





image52.png
Diagram of the study design

Determinsion of (2 4 wesks before Vit §)

ST ST By Spn Dym Dy T T
LG G G Gm @) @ @ it
I T :
- P
(o sy evsion
(Visit 6)

The figure shows the fastest possible dose titration schedule.

Dose reduction and re-up-titration were both allowed.

An 8-day interval was required for re-up-titration after dose reduction in order to confirm tolerability.

For the 1000 g dose or higher. the patient was required to stay in the hospital for at least 3 days and 2 nights from the
time of titration.




image53.png
Change from baceine_ povalue -1

Nets Bueeline | Weekl6 Wekls  praue:
Plmoy el O gaaas s3an7  nsansz ol
oane SD. (95% Clof mean) G063 @ISTeHs) (167820 <0000
Py OlIEONS 67305 192452 I49a1me  <ouol
R Gneca)  Gmamsy gmamse | cmseonod  omo
e nghtsmil e @RAP) 5156 47227 02:37 s
. oicLon 6859 6839 [EIEE) o716
Sempinemvpemt 2 weets | alase oo
Moo b, Gors Clat ) <219 o057
P SRS 5123 s6s35 05234 020
Mo 2. 555 Cl o mess) 6359  asw0 @117 o126
Mg 051 mosts | asiest | owm
Mo 5D, 55% Cl o mess) ©@%BE) @00y asie) 0w
ey me @ gy mosewy  ®2si0s oo
Mo £ 5D, 55% Cl o mess) o197 @sasme  Cmnsn oo
Cardac auput (€O) Limi) 4700 4e9slas | 0sw=09%6 | 000
Mem = 5D, (55% Cl of mese) Gosasn  @issen  @moss oo
Cartiaeimdes: (€D Uimit) 2632050 2962074 032057 o005
Men =D, 55% Cl of mesn) cu2s) @3y ©13.05) o021

Tpvalue Wilcoon signed rxk test
2 p-value Paired t-est




image54.png
(- P-selectin (ng/mL): PPS

Visit ~ Meam  Medin SD SE QL Q3  Min
Baseline 23 5898 5580 2084 363 4420 7410 250
Week 16 33 6583 6230 2680 466 4550 8LI0 237
Change from "
baseline 33 6.85 310 1678 292 <190 1700 269 464
(). Serum soluble thrombomodulin (sTM: FU/mL): PPS ¢
o N Mean  Median  SD SE Q1 Q3 M  Max
Baseline 33 2.26 2.20 0.60 0.10 1.90 2.60 14 40
Week 16 33 229 230 060 011 200 270 L1 37
bca";'l'f;r""“ 33 003 010 042 007 020 030 09 08
(iii)- Plasma von Willebrand factor (vWE: %): PPS ¢
Visit N Mean  Medion  SD  SE Q1 Q3  Min  Max
Baseline 33 1209 1250 436 76 920 1640 47 200
Week 16 33 1225 1080 438 76 90 1610 51 200
bc::l";ﬁ; from 33 75 -10 175 30 200 40 60 21

PPS:per-protocolset |




image55.png
death hospitalization PAH worsening
3 o 3
- 9 - 9
z 3 z 3
8 & 8§ 8
£ £
3 8 : S
5 2 e
T T
32 o 2 o
- -
. E S
o o
T T T T T T T T T T T T T T
0 6 12 18 24 30 36 0 6 12 18 24 30 36
Months since randomization Months since randomization
other PAH worsening disease progression
0 0
° ° Placebo
= 8 - = 8 —— Selexipag
g ] |
3 9 3 9
£ £
i & 1 : R
5 2 e
T T
32 o 2 o
- -
® 0 L)
o o

T T T T T
0 6 12 18 24

Months since randomization

30

36

0 6 12 18 24 30 36

Months since randomization

Events with CEC-confirmed onset date up to 16 Aug 2011 are included as events.
Note: Bars on the chart display 95% confidence intervals of the estimate, based on cloglog transformation and

Greenwood type variance estimator.




image56.png
Study Phase Study objectives Padentsin _ Median  Treatment/ dose/ Type of control |
safety analysis treatment route/ regimen biinding / design

set duration
(weeks)
ACO6A302 3 Effcacy. safeiyand 1152 Sclexipag:  Selexipag 200 g Placebo-controlied
(GRIPHON) PK/PD of selexipagin  Selexipag: 575 706 bid.upt01600 parallel-group.
patients Wik PAH  Placebo: 577 Placebor  pgbid po.  randomized DB
639 Placebobid po. treatment
Event-driven study
(morbidity/mortality
events)
NS304702 2 Safety, tolerability, PK, Acute hemodynamic period
ﬂ;mﬁgq = Single dose Single selexipaz  OL. uncontrolled
elenipag in patients with SElexipag Po. dose of 200
PAH 200 pg: 12 hgor 400 g
400 g 31
DB. placcbo-controlled period
£ Sclexipag:  Selexipag 200 g Placebo-controlled
Selexipag: 33 213 bid upto800 pasallel-group,
Placebo: 10 placebo: pgbid po.  randomized. DB
209 Placebobid po. treatment
Change from bascline
toWeek 17in
outcome measures
(primary = PVR)

bid = twice daily. DB = double-blind, OL = open-label. PAH = pulmonary arterial hypertension. p.o. = oral, PK =
pharmacokinetic, PD = pharmacodynamic. PVR = pulmonary vascular resistance.




image57.png
Study Phase  Studyobjectives  Patientsin  Median Treamment/  Typeof
safety analysis treatment dose/ route/ controlblinding
set duration regimen

(Weeks)

AC-065A303 3 Long-term safety of ~ 218° 37.2° Selexipag 200 pg Single-arm, OL

(GRIPHON selexipag in patients bidUpo  treatment. extension

oL) with PAH 1600 ugbid  smdy

po.

NS-304/-03 2 Long-term safety of ~ 39° Selexipag 200 pg Single-arm, OL
Selexipag in patients bid.up10 1600 treatment, extension
with PAH pghbid po. study

AC065A201 2 Efficacy. _safety and 37° 163 Selexipag 200 ig Uncontrolled. OL

Japanese  pharmacokinetics. bid.upto 1600
registration ngbid po.
trial

.0, = twice daily. OL = open-label. PAH = pulmonary arterial Byperension. p.o. = oral
# Preliminary data up to cut-off date of 10 March 2014
®Interim data up to Week 16




image58.png
[Ep—
=i

Dugstion of staty sreatmeat (vesks)

Toraisaing 577
2 72
Soindard deviecion )
iz, Q1 03 7m0 03 me
ey 4
o, Tex wit) mer i) e
Commlacive duration of stady Treament [n 3]
Toroaisaing e s
ey o 85 a3
B 1zt o 55et g
 1EE X & RE G e
2 Loamt 307 et s cle
gt 5 St BER
B 1=t 18 3138 e
S 16 i FriteH
2= Loaet 156 vesks 3 s Eraaty
2 15 162 vees 7 IR 3o
22 15ast 206 vests 1oz 2

o gt ramomiced o plabo eceied 3 gl Goce of e of eexpag o o s ror i the dipessaton ofthe madicatin
‘botte, This patent s assigned to the selexipag sroup i the safety analysts set (SAF).




image59.png
Oes than per protosnl dosing reginen 2 0.

T 15 astineg 2 e seleipag 51 e to mion ratie vas sweass T e 1o
Simacion th the meinpecance pubiod 3¢ SoF PIVLSHES SR 613 20 Vs Tacoionance B Lot
et i e e S e R e g e

ey
15 TS afthe 575 patiats (26%), seleipagIND e et to D 33 thesepaienc only ecsived he niil seleipa 200 mcgdose
during the tiration period and dscontinaed atthis dose





image60.emf

image61.png
ToutFepoar oy

N 5
Nen 164
St devistion EY
ra—— 50
Modin 1
o0 o180
Mt N Lo
[ 205
) 205
oy o(omn
Btz e
presr) (019
Wmerarce o s oy

n 3
Moan s
Sandar devistion E
- 20
Mo s
a.g awnmy
Mis Ve X0
-3 "o
Hemccbt iz
etz s(1um)
i) 1020

Cumabt Do (g

B w
Men o
St desion L5
‘St s um
[T 1o
o 120020180
M, Vi 0z3m1
< 108y
00 acam
e e
<0 sgaum

0 t(i0sm)




image62.emf

image63.emf

image64.emf

image1.gif
% Australian Government

Mg 5 T Department of Health
Therapeutic Goods Administration

Health Safety
Regulation





image2.jpeg
% Australian Government

Department of Health and Ageing
Therapeutic Goods Administration

Health Safety
Regulation





