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Abstract Selexipag (Uptravi�) is a highly selective,

long-acting, nonprostanoid, prostacyclin receptor agonist

that is being developed by Actelion Pharmaceuticals Ltd

and Nippon Shinyaku. Oral selexipag is approved in the

USA for the treatment of pulmonary arterial hypertension

(PAH; WHO Group I) to delay disease progression and

reduce the risk of hospitalization for PAH. It has subse-

quently been approved in Canada for the long-term treat-

ment of PAH, and received a positive opinion in the EU for

the treatment of PAH in adult patients with WHO func-

tional class II–III. Selexipag received orphan drug desig-

nation for the treatment of PAH in Japan in 2014 and is in

undergoing regulatory review in several countries for use

in this indication. In the large, event-driven, phase III

GRIPHON trial, selexipag reduced the risk of the primary

composite endpoint of death or a complication related to

PAH (whichever occurred first) by 40 % compared with

placebo in patients with PAH (80 % were also receiving

stable dosages of an endothelin receptor antagonist and/or a

phosphodiesterase 5 inhibitor). This article summarizes the

milestones in the development of selexipag leading to this

first approval for PAH.

1 Introduction

Pulmonary arterial hypertension (PAH), a rare, chronic,

progressive disease, is associated with significant mor-

bidity and mortality, and is characterized by increased

pulmonary vascular resistance (PVR) resulting in right

ventricular overload, hypertrophy and, ultimately right

heart failure and premature death [1, 2]. An improved

understanding of the pathogenesis of PAH has led to the

development of drugs that target three major signalling

pathways involved in the pathogenesis of PAH; namely,

the prostacyclin (e.g. prostacyclin analogues), endothelin

(e.g. endothelin receptor antagonists) and nitric oxide

[e.g. phosphodiesterase 5 (PDE-5) inhibitors] pathways

[2].

Selexipag (Uptravi�) is an orally available prostacyclin

(PGI2) IP receptor agonist that is under development by

Actelion Pharmaceuticals Ltd and Nippon Shinyaku for use

in PAH [3]. Selexipag is a long-acting IP receptor agonist,

with all other currently licensed drugs that target the

prostacyclin pathway having a shorter half-life and, for the

most part, being administered as an intravenous or subcu-

taneous infusion or by inhalation [3].

Selexipag was approved in December 2015 by the US

FDA for the treatment of PAH (WHO Group I) to delay

disease progression and reduce the risk of hospitalization

for PAH [4]. The recommended starting dosage is 200 lg

twice daily, with the dosage incremented at weekly inter-

vals by 200 lg twice daily to the highest tolerated dosage

up to 1600 lg twice daily. The maintenance dosage is

determined by tolerability. In patients with moderate hep-

atic impairment, the starting dosage is 200 lg once daily,

with the dosage incremented at weekly intervals by 200 lg

once daily to the highest tolerated dosage up to 1600 lg

[4].
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In January 2016, selexipag was granted approval in Canada

for long-term treatment of PAH [5], and received a positive

opinion in the EU for the treatment of PAH in adult

patients with WHO functional class II–III [6]. Selexipag

was granted orphan drug designation in Japan in September

2014 for use in PAH [7] and is in undergoing regulatory

review in several countries including, Australia, New

Zealand, South Korea, Switzerland, Taiwan and Turkey for

use in PAH [8].

1.1 Company Agreements

In April 2008, Actelion Pharmaceuticals Ltd and Nippon

Shinyaku entered into a collaboration agreement with

respect to selexipag [9]. Under the terms of the agree-

ment, Actelion will be responsible for the global devel-

opment and commercialization of selexipag outside of

Japan. The two companies will jointly develop and

commercialize the therapeutic in Japan. Nippon Shinyaku

will receive an upfront payment and additional milestone

payments from Actelion and will also be entitled to

royalties on sales [9].

2 Scientific Summary

2.1 Pharmacodynamics

PGI2 plays an important role in the maintenance of vas-

cular homeostasis and inhibition of vascular smooth mus-

cle cell differentiation, proliferation and migration, with

downregulation of this pathway implicated in the patho-

genesis of several vascular diseases, including PAH [3].

Selexipag has a similar mode of action to that of

endogenous PGI2, but is a nonprostanoid IP receptor ago-

nist rather than a PGI2 analogue (e.g. iloprost, beraprost

and treprostinil) [3, 8, 10]. Selexipag is hydrolysed to its

active metabolite ACT-333679, which is &37-fold as

potent as selexipag [4]. In preclinical studies, selexipag

exhibited 130-fold higher selectivity for the human IP

receptor over other prostanoid receptors [10]. Unlike ilo-

prost and beraprost-induced vasodilation, ACT-333679-

induced vasodilation was not attenuated by antagonism of

prostaglandin E3 (EP3) receptors [8]. As some gastric side

effects (e.g. nausea and vomiting) associated with PGI2

analogues are mediated via EP3 receptor-dependent
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mechanisms, selexipag has the potential for improved

gastric tolerability [11]. In vitro, ACT-333679 induced

intracellular cAMP accumulation (&100-fold increase

[12]) in pulmonary artery smooth muscle cells and inhib-

ited cell proliferation [12, 13]. Unlike iloprost, beraprost

and treprostinil, ACT-333679 did not induce IP receptor

desensitization and internalization; receptor internalization

is a potential mechanism whereby repeated exposure to IP

receptor agonists may lead to tachyphylaxis [13]. In a rat

model of systemic hypertension, repeated administration of

selexipag did not induce tachyphylaxis [14].
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Chemical structure of selexipag

Selexipag and its active metabolite induced concentra-

tion-dependent inhibition of platelet aggregation in vitro,

with 50 % inhibition occurring at concentrations of 5.5 and

0.21 lmol, respectively [4].

In a phase II, proof-of-concept study in patients with

PAH receiving stable dosages of endothelin receptor

antagonists and/or PDE-5 inhibitor therapy, relative to

placebo (n = 10), concomitant selexipag (titrated to the

maximum tolerated dosage up to 800 lg twice daily;

n = 33) significantly reduced mean PVR by 30.3 % (95 %

CI -44.7 to -12.2 %; p = 0.0045) and significantly

increased the cardiac index (a measure of the median

treatment effect) by 0.41 L/min/m2 (95 % 0.10–0.71) at

week 17 [4, 15].

At the maximum tolerated dosage of 1600 lg twice

daily, selexipag did not prolong the QT interval to any

clinically relevant extent in a thorough QT study in healthy

volunteers [4, 16].

In healthy volunteers, selexipag 400 lg twice daily did

not alter the pharmacodynamic effect of warfarin on the

international normalized ratio [4, 17].

2.2 Pharmacokinetics

The pharmacokinetics of oral selexipag and its active

metabolite (ACT-333679) are dose-proportional with sin-

gle doses of up to 800 lg dose and multiple doses of up to

1800 lg, with no accumulation of selexipag or ACT-

333679 in the plasma after multiple doses [4, 18]. Selexi-

pag is rapidly absorbed, with maximum plasma concen-

trations of selexipag and ACT-333679 attained within 1–3

and 3–4 h, respectively [4, 18, 19]. At steady state, expo-

sure to selexipag and ACT-333679 was similar in patients

with PAH to that in healthy volunteers, with exposure to

ACT-333679 about 3- to 4-fold higher than that of selex-

ipag [4, 18]. Steady state was attained within 3 days for

both selexipag and its active metabolite [18]. Exposure to

selexipag and ACT-333679 were not significantly altered

in the presence of food [4]. At steady state, bioequivalence

of different dose-strength tablets was demonstrated

between eight 200 lg tablets and one 1600 lg tablet in

healthy volunteers [20].

Enzymatic hydrolysis of selexipag to its active

metabolite is mediated by hepatic carboxylesterase 1 [4].

The drug also undergoes oxidative metabolism via

CYP3A4 and CYP2C8 to hydroxylated and dealkylated

metabolites, with ACT-333679 undergoing glucuronidation

via UGT1A3 and UGT2B7. With the exception of ACT-

333679, none of the circulating metabolites in human

plasma exceeds 3 % of the total drug-related material.

Selexipag is predominantly eliminated via metabolism,

with a mean terminal half-life of 0.8–2.5 h and an average

apparent oral clearance of 35 L/h; the mean terminal half-

life of ACT-333679 is 6.2–13.5 h. In healthy volunteers,

&93 % of radioactive drug material was eliminated in the

faeces and 12 % in the urine; no selexipag or ACT-333679

was found in the urine [4].

No clinically relevant effects of sex, age, race or

bodyweight on the pharmacokinetics of selexipag and

ACT-333679 have been observed in healthy volunteers or

in patients with PAH [4]. No dosage adjustments are

required in patients with an estimated glomerular filtration

rate (eGFR) of [15 mL/min/1.73 m2; there is no clinical

experience with selexipag in patients undergoing dialysis

or in those with an eGFR of \15 mL/min/1.73 m2. No

dosage adjustments are required in patients with mild

hepatic impairment (Child-Pugh class A) [4]. A once-daily

rather than a twice-daily regimen is recommended in

patients with moderate hepatic impairment (Child-Pugh

class B) due to increased exposure to selexipag and ACT-

333679 [4, 21]. There is no experience with selexipag in

patients with severe hepatic impairment; its use should be

avoided in this patient population [4].

There are no clinically relevant drug-to-drug interac-

tions when selexipag is coadministered with lopinavir/ri-

tonavir [4, 22], warfarin [4, 17], endothelin receptor

antagonists, PDE-5 inhibitors or a combination of an

endothelin receptor antagonist and a PDE-5 inhibitor [4].

Concomitant administration with strong inhibitors of

CYP2C8 (e.g. gemfibrozil) may significantly increases

exposure to selexipag and ACT-333679; hence, concomi-

tant administration of selexipag and strong CYP2C8 inhi-

bitors should be avoided [4].
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2.3 Therapeutic Trials

In the proof-of-concept phase II trial (NCT 00993408), the

addition of selexipag improved surrogate haemodynamic

markers of PAH compared with the addition of placebo in

patients with PAH receiving stable dosages of an

endothelin receptor antagonist and/or a PDE-5 inhibitor

(see Sect. 2.1) [15].

The event-driven, double-blind, multinational, phase III

GRIPHON trial (NCT01106014) was conducted in patients

with PAH (n = 1156 randomized), most of whom

(&80 %) were receiving stable dosages of an endothelin

receptor antagonist and/or a PDE-5 inhibitor [23]. Patients

were randomized to selexipag (B1600 lg twice daily;

initially 200 lg twice daily, with the dosage up-titrated

based on tolerability) or placebo, with a respective median

duration of treatment at the time of the primary analysis in

the selexipag and placebo groups of 70.7 and 63.7 weeks

[23].

In the primary analysis, the risk of the primary com-

posite endpoint of death or a complication related to PAH

(whichever occurred first) was reduced by 40 % in the

selexipag versus the placebo group (hazard ratio 0.60;

99 % CI 0.46–0.78; p\ 0.001) [23]. Results of sensitivity

analyses of the primary treatment outcome effect were

consistent with this primary analysis. Of the 397 primary

outcome events, 27.0 % occurred in the selexipag group

and 41.6 % in the placebo group, with 81.9 % of primary

outcome events involving disease progression and hospi-

talization. Results for the composite primary endpoint were

consistent across prespecified patient subgroups, including

in patients who were not receiving treatment at baseline

and those who were receiving PAH therapy at baseline

[23].

At 26 weeks, selexipag recipients experienced an

improvement in 6-min walk distance (increased by 4.0 m),

whereas this distance decreased by 9.0 m in the placebo group

(treatment effect 12.0 m; 99 % CI 1–24; p = 0.003) [sec-

ondary endpoint] [23]. The percentage of patients who expe-

rienced no worsening in WHO functional class was similar in

the selexipag and placebo groups at 26 weeks (77.8 vs.

74.9 %). Statistical evaluation of secondary endpoints was

conducted using a hierarchical testing procedure and thus, all

subsequent endpoints were considered exploratory [23].

2.4 Adverse Events

Selexipag was generally well tolerated in patients with

PAH participating in the GRIPHON trial, with most com-

mon adverse events (e.g. headache, diarrhoea, nausea, jaw

pain) consistent with those associated with prostacyclin

therapy [23]. These adverse events occurred more fre-

quently during the dose titration phase [4]. Adverse reac-

tions that occurred with at least a 5 % higher incidence in

selexipag than placebo recipients were headache, diar-

rhoea, jaw pain, nausea, myalgia, vomiting, pain in

extremity and flushing [4].

In GRIPHON, a similar proportion of selexipag and

placebo recipients experienced at least one treatment-

emergent adverse event (98.3 vs. 96.9 %) [includes adverse

events that occurred during the titration phase], with these

events leading to discontinuation of study drug in signifi-

cantly more selexipag recipients (14.3 vs. 7.1 %;

p\ 0.001) [23]. The most common adverse events (inci-

dence C20 % in either group) occurring in the selexipag

and placebo groups were headache (65.2 vs. 32.8 %;

p\ 0.001), diarrhoea (42.4 vs. 19.1 %; p\ 0.001), nausea

(33.6 vs. 18.5 %; p\ 0.001), pain in jaw (25.7 vs. 6.2 %;

Features and properties of selexipag

Alternative names Uptravi�; NS-304; ACT-293987

Class Acetamides; antihypertensives; pyrazines; small molecules; sulfonamides; vasodilators

Mechanism of action Prostacyclin (PGI2) receptor agonist

Route of administration Oral

Pharmacodynamics Selexipag is hydrolyzed in vivo to an active, highly potent diphenylpyrazine derivative

(MRE 269; ACT-333679), which exhibits long-acting agonist activity at the PGI2 receptor

Pharmacokinetics Rapidly absorbed and hydrolyzed to ACT-333679; at steady state, the respective mean

elimination half-life of selexipag and ACT-333679 was 0.8–2.5 and 6.2–13.5 h

Adverse reactions occurring more frequently (by

C5 %) than with placebo

Headache, diarrhoea, jaw pain, nausea, myalgia, vomiting, pain in extremity and flushing

ATC codes

WHO ATC code C02 (antihypertensives); C04 (peripheral vasodilators)

EphMRA ATC code C2A (antihypertensives [of non-herbal origin] Plain);C4 (cerebral and peripheral

vasotherapeutics)

Chemical name 2-{4-[(5,6-Diphenylpyrazin-2-yl)(isopropyl)amino]butox}-N-(methylsulfonyl)acetamide
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p\ 0.001), worsening of PAH (21.9 vs. 35.7 %;

p\ 0.001) and dyspnea (16.0 vs. 21.0 %; p\ 0.001).

Other adverse events that occurred significantly more fre-

quently in one group than the other were vomiting (18.1 %

in the selexipag group vs. 8.5 % in the placebo group;

p\ 0.001), pain in extremity (16.9 vs. 8.0 %; p\ 0.001),

myalgia (16.0 vs. 5.9 %; p\ 0.001), flushing (12.2 vs.

5.0 %; p\ 0.001) and hyperthyroidism (1.4 vs. 0 %;

p = 0.004). One selexipag recipient discontinued study

drug because of hyperthyroidism [23]. A small reduction

(up to a median -0.3 l/L) in median thyroid-stimulating

hormone was observed at most visits in the selexipag group

in a phase 3 placebo-controlled study [4]. There were no

mean changes in triiodothyronine or thyroxine levels in

either treatment group [4].

There was no between-group difference in the percent-

age of patients experiencing at least one serious adverse

event (43.8 % in the selexipag group vs. 47.1 % in the

placebo group) [23]. The incidences of individual serious

adverse events did not differ between the selexipag and

placebo groups (i.e. at a rate[1 % higher) [23].

2.5 Ongoing Clinical Trials

The extension phase (NCT01112306) of the GRIPHON

trial (NCT01106014) is currently ongoing, with an esti-

mated completion date of February 2018. The phase IIIb

TRANSIT-1 trial (NCT02471183) will evaluate the toler-

ability and safety of the transition from inhaled trepostinil

to oral selexipag in patients with PAH, with this study

currently recruiting participants. The phase IIIb TRITON

trial (NCT02558231) will evaluate the efficacy and safety

of initial triple versus initial dual oral combination therapy

in patients with newly diagnosed PAH; this study is not yet

open for participant recruitment.

3 Current Status

Oral selexipag received its first global approval on 21

December 2015 for the treatment of PAH (WHO Group I)

to delay disease progression and reduce the risk of hospi-

talization for PAH in the USA.

Key clinical trials of selexipag (Actelion Pharmaceuticals Ltd)

Drugs Indication Phase Status Location(s) Indentifier

Selexipag, placebo PAH II Double-blind phase completed;

extension ongoing

EU and UK NCT00993408; NS-302/-02

Selexipag, placebo PAH III Completed Multinational GRIPHON; NCT01106014;

AC-065A302

Selexipag PAH III Ongoing extension of GRIPHON Multinational NCT01112306; AC-

065A303

Selexipag PAH III Recruiting USA TRANSIT-1;

NCT02471183; AC-

065A304

Selexipag,

macitentan,

tadalafil

PAH III Not yet open for recruitment Multinational TRITON; NCT02558231;

AC-065A308

Selexipag, placebo Raynaud’s phenomenon

secondary to SS

II Completed France,

Germany,

UK

NCT02260557; AC-

065C202

PAH pulmonary arterial hypertension, SS systemic sclerosis
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