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Abstract: Pulmonary arterial hypertension is characterized by abnormalities in the small 

pulmonary arteries including increased vasoconstriction, vascular remodeling, proliferation 

of smooth muscle cells, and in situ thrombosis. Selexipag, a novel, oral prostacyclin receptor 

agonist, has been shown to improve hemodynamics in a phase II clinical trial and reduce clinical 

worsening in a large phase III clinical trial involving patients with pulmonary arterial hyper-

tension. In this paper, we describe the prostacyclin signaling pathway, currently available oral 

prostanoid medications, and the development and clinical use of selexipag.
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Overview
Pulmonary arterial hypertension (PAH) is a life-threatening disease associated with 

significant morbidity and mortality despite therapeutic advances in the modern era. 

Abnormalities in the small pulmonary arteries include increased vasoconstriction, 

vascular remodeling, proliferation of smooth muscle cells, and in situ thrombosis.1–3 

The pathogenesis of PAH is thought to result from an imbalance in the amount and 

ratio of vasoactive substances including prostacyclin, nitric oxide, and endothelin-1. 

Reduction in the levels of prostacyclin relative to vasoconstrictive substances in 

the pulmonary vasculature has been implicated in the pathophysiology of PAH.4,5 

Augmenting prostacyclin pathway activation is one of the major therapeutic strategies 

in the treatment of PAH. Selexipag, a novel, oral prostacyclin (IP) receptor agonist, 

has been shown to improve hemodynamics in a phase II clinical trial and to lead to a 

reduction in clinical worsening in a large phase III clinical trial involving patients with 

PAH. In this paper, we describe the prostacyclin signaling pathway, currently available 

oral prostanoid medications, and the development and clinical use of selexipag.

Prostacyclin
Prostacyclin, also known as prostaglandin I2, is an arachidonic acid derivative 

produced primarily by vascular endothelial cells. Prostacyclin acts predominantly 

through the G-protein coupled IP receptor leading to increases in cyclic adenosine 

monophosphate.6–9 Downstream effects include vasodilation, particularly under condi-

tions of increased pulmonary vascular tone, inhibition of vascular smooth muscle cell 

proliferation, and of platelet aggregation.1–4

The importance of the IP receptor and prostacyclin signaling in the pulmonary 

vasculature has been shown in both basic science and clinical studies. In animal stud-

ies, mice with IP receptor knockout mutations develop much more severe PAH under 

hypoxic conditions compared with wild-type mice.5 Furthermore, transfer of the human 
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prostacyclin synthase gene ameliorates the severity of mono-

crotaline-induced PAH in rats.6 Patients with PAH also have 

reduced IP receptor expression, reduced prostacyclin synthase 

expression, and reduced prostacyclin production.7–10

Epoprostenol, as prostacyclin is called when used 

therapeutically, was the first medication approved for the 

treatment of PAH. In clinical trials, epoprostenol led to 

improvement in functional class, quality of life, hemodynam-

ics, exercise capacity, and survival, and it remains the only 

therapy to have shown a mortality benefit in randomized 

clinical trials in PAH.11 Administration requires an indwell-

ing central catheter and continuous infusion pump due to 

the short half-life of epoprostenol and its limited stability at 

room temperature. Despite the complexities involved in its 

administration, it remains the therapy of choice for severe 

pulmonary hypertension.

Oral prostanoids in clinical use: 
beraprost and treprostinil
The significant hemodynamic and clinical benefits seen with 

the intravenous prostacyclins led to considerable interest in the 

development of oral prostanoids. Two are currently available 

for clinical use: beraprost, approved in Japan and South Korea 

and oral treprostinil, approved for use in the US. Clinical trial 

results with both medications have been mixed, likely in part 

due to difficulty in achieving therapeutic doses in some patients 

because of dose-limiting prostacyclin type side effects.

Beraprost was initially evaluated in a 12-week clinical 

trial with a primary endpoint of change in 6-minute walk 

distance (6MWD).12 A statistically significant improvement 

in 6MWD relative to placebo was seen in the 12-week study 

(mean change 25.1 m, P=0.04). However, a subsequent 

12-month study found no difference between the beraprost 

and placebo groups in disease progression, the primary end-

point, and no difference in change in 6MWD compared with 

placebo at the 12-month time point.13 Possible explanations 

for the negative longer term study include beraprost’s short 

half-life of approximately 1 hour,14 difficulty in up-titration 

due to side effects, and potentially, the development of toler-

ance with long-term administration.

Oral treprostinil, approved in the US in 2013, has been 

evaluated in three 12- to 16-week randomized controlled 

clinical trials. All three studies used change in 6MWD as the 

primary endpoint. The treatment effect (change in 6MWD in 

treprostinil-treated patients minus change in 6MWD in pla-

cebo patients) was statistically significant in FREEDOM-M 

(23 m, P=0.01), but only approached statistical significance 

in FREEDOM-C and FREEDOM-C2 (11 m, P=0.07 and 

10 m, P=0.09, respectively).15–17 Differences across the 

three studies include a 16-week duration for FREEDOM-C 

and C2, compared with 12 weeks for FREEDOM-M, and 

importantly, the prerequisite for background PAH therapy in 

FREEDOM-C and C2 compared with treatment naïve patients 

in FREEDOM-M. No significant improvement was seen in 

the secondary endpoints of World Health Organization func-

tional class or clinical worsening in any of the three studies. 

Prostacyclin-type side effects such as headache, diarrhea, jaw 

pain, nausea, and vomiting were common.18–20

There are several ongoing studies of oral beraprost and 

treprostinil, including a trial investigating modified release oral 

beraprost taken four times daily in combination with inhaled 

treprostinil (NCT01908699)21 and a trial of oral treprostinil 

administered three times daily (NCT01560624).22

Selexipag and ACT-333679
Limitations in the half-life and bioavailability of the oral 

prostanoids led to a broader search for compounds with activ-

ity at the IP receptor. Selexipag, whose synthesis was first 

reported in 2007, is the first nonprostanoid IP receptor agonist 

approved for clinical use. When taken orally, selexipag is 

rapidly absorbed and subsequently hydrolyzed by liver car-

boxylesterase to its more active metabolite, ACT-333679.23 

Selexipag and ACT-333679 are both IP receptor agonists 

with a high degree of selectivity versus members of the pros-

taglandin family, but ACT-333679 is approximately 37-fold 

more potent in activating the IP receptor and is considered to 

be the major contributor to the efficacy of selexipag.24 Both 

compounds have been shown to lead to pulmonary artery 

vasodilation ex vivo.25–27 In a monocrotaline-induced PAH 

animal model, selexipag was shown to lower right ventricular 

systolic pressures, reduce pulmonary artery wall thickness 

and right ventricular hypertrophy, and improve survival.25

Phase ii trial
Selexipag was first evaluated in patients with PAH in a mul-

ticenter, phase II study conducted in Europe.28 Simonneau 

et al enrolled 43 patients into a 17-week long randomized 

controlled clinical trial of selexipag vs placebo. Patients 

were required to be on a stable background therapy 

regimen consisting of an endothelin receptor antagonist, 

a phosphodiesterase-5 inhibitor, or both, and to have a 

pulmonary vascular resistance (PVR) 5 Wood units at 

study entry. The primary endpoint was a change in PVR as 

expressed as a percentage of the baseline value. This was 

analyzed both in a per-protocol analysis (all treated patients 

who did not violate the protocol) and in an all-treated set 
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(all patients who received at least one dose of the study drug). 

The PVR declined in treated patients to 81% of baseline as 

compared with an increase in placebo patients to 116% of 

baseline (Figure 1). This difference was statistically sig-

nificant with a reduction in the primary endpoint of 30.3% 

(selexipag vs placebo, P0.01). Improvement compared 

with placebo was also seen in the cardiac index (mean 0.5 L,  

P0.05). Typical prostacyclin-associated side effects were 

reported in a majority of patients in the selexipag group 

including headache (most common), jaw pain, and nausea.

Phase iii trial
The GRIPHON clinical trial enrolled 1,156 patients with 

PAH into a long-term time-to-event study with a primary 

endpoint of morbidity and mortality.29 The main finding was 

a significant reduction in the composite of death from any 

cause or a complication of PAH (41.6% in the placebo group 

and 27% in the selexipag group; hazard ratio 0.60, P0.001) 

(Figure 2). Improvement was also seen in the secondary 

endpoint of change in 6MWD at week 26 (12 m improve-

ment vs placebo, P=0.003) and in the exploratory endpoint 

of change in N-terminal probrain natriuretic peptide level at 

26 weeks (treatment effect -123 ng/L, P0.001).

Enrolled patients were allowed to be treatment naïve, 

in the event that no approved therapies were an option, 

or could be receiving an endothelin receptor antagonist, 

phosphodiesterase-5 inhibitor, or both. Approximately 

80% of enrolled patients were on one or two background 

PAH therapies. All patients enrolled were required to have 

a formal diagnosis of PAH with a mean pulmonary arterial 

pressure 25 mmHg, PVR 5 Wood units, and a pulmonary 

capillary wedge pressure or left ventricular end diastolic 

pressure 15 mmHg upon cardiac catheterization. Patients 

were initiated on selexipag 200 μg twice daily with dose 

increases of 200 μg twice daily each week until the maximum 

tolerated dose was achieved over a 12-week titration phase. 

Importantly, the median length of treatment in the placebo and 

selexipag groups was 63.7 and 70.7 weeks, respectively.

The 40% reduction in the composite primary endpoint 

was driven largely by differences in clinical worsening and 

hospitalizations related to PAH, as there was no significant 

difference in mortality between the two study groups. 

In contrast to earlier studies in PAH, where greater benefit 

was reported in treatment-naïve patients,15,17,30 the treatment 

effect (primary endpoint) of selexipag was similar between 

treatment-naïve patients and patients on one or two back-

ground therapies. The treatment effect was also consistent 

across other prespecified subgroups including functional 

class, gender, age, PAH etiology, and geographic region 

(interaction P-value was not significant).

Prostacyclin-type adverse events were common in the 

selexipag group (Table 1), and adverse events leading to study 

discontinuation were seen in twice as many patients receiv-

ing selexipag as compared with placebo (14.3% vs 7.1%, 

respectively). Multiple sensitivity analyses were conducted 

in order to evaluate the potential effect of early study exit 

and of missing data on the primary endpoint, the results of 

which were consistent with the primary analysis. Based on 

Figure 1 Change in PvR from baseline to week 17, per protocol analysis.
Note: Reproduced with permission of the european Respiratory Society ©: European 
Respiratory Journal. Oct 2012, 40 (4) 874–880; DOi: 10.1183/09031936.00137511.28

Abbreviations: PvR, pulmonary vascular resistance; Te, treatment effect; CL, 
confidencelimit.

Figure 2 in the GRiPHON clinical trial, the primary composite endpoint included all-
cause mortality, disease progression, or worsening of PAH resulting in hospitalization, 
initiation of parental prostanoid therapy, or long-term oxygen therapy or the need 
for lung transplantation or atrial septostomy.
Notes: A treatment effect in favor of selexipag was observed (hazard ratio 0.60, 
P0.001). From N Engl J Med, Sitbon O, Channick R, Chin KM, et al, Selexipag for the 
treatment of pulmonary arterial hypertension, 373, 2522–2533. Copyright © (2015) 
Massachusetts Medical Society. Reprinted with permission from Massachusetts 
Medical Society.29

Abbreviation: PAH, pulmonary arterial hypertension.
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this trial, the US Food and Drug Administration granted 

approval of this medication for the treatment of PAH in the 

US in December 2015, and subsequent approval was granted 

in the European Union in May 2016.

Dosing and adverse reactions
Selexipag is initiated at 200 μg twice daily and increased 

weekly until prostacyclin-associated side effects cannot 

be managed or to a maximum of 1,600 μg twice daily. 

Prostacyclin-type side effects including headache, diarrhea, 

jaw pain, and nausea are common, particularly during the 

up-titration phase. Improvement is often seen during the 

maintenance phase, particularly as those who have continued 

symptoms can be down-titrated. Published guidelines on 

symptom management are lacking. Based on the common 

side effect profile of prostacyclin therapy, our center provides 

patients with recommendations for the use of acetamino-

phen, ondansetron, and loperamide as needed at initiation 

of therapy, with a low threshold for the addition of tramadol 

for pain. We also recommend taking selexipag with food, as 

tolerability may be improved, but this is not required.

In the GRIPHON trial, the distribution of the final attained 

dosing range was 200–400 μg twice daily in 23%, 600–

1,000 μg twice daily in 31%, and 1,200–1,600 μg twice daily 

in 43% of patients. Interestingly, in a prespecified analysis, 

the efficacy of selexipag was similar in patients regardless of 

their stratification based on dose achieved. The authors note, 

however, that this study was not conducted in a way to evaluate 

alternative dosing strategies, and recommended treatment with 

the highest dose at which side effects were manageable.

Several other adverse events of special interest were 

also reported in the phase III clinical trial. New onset 

hyperthyroidism was reported in eight patients in the selexi-

pag group (1%) and none in the placebo group (P=0.004), 

while anemia was reported in 8% of the selexipag group 

and 5% of the placebo group (P=0.05). Serial laboratory 

follow-up of both measures (among others) are recom-

mended for PAH in general,31 and no additional monitoring 

for patients receiving selexipag has been recommended.

Pharmacokinetics
The safety, tolerability, and pharmacokinetics of selexipag 

were initially evaluated in several dose ranging studies 

in healthy, normal volunteers.23 Selexipag has a half-life 

of 0.8–2.5 hours and is hydrolyzed to its pharmacologi-

cally active metabolite ACT-333679 with a half-life of 

6.2–13.5 hours (Figure 3).24,32 It is rapidly absorbed after oral 

administration and may be taken with or without food. Single 

doses above 400 μg led to an increased incidence of head-

ache, nausea, dizziness, and vomiting in normal volunteers. 

Gradual up-titration improves tolerability, and the maximum 

tolerated strength with repeated dosing in normal volunteers 

was 1,600 μg.32 In the presence of food, the absorption of 

selexipag was prolonged resulting in a delayed time to peak 

concentration (T
max

) and approximately 30% lower peak 

plasma concentration (C
max

). The exposure to selexipag and 

the active metabolite (area under the curve [AUC]) did not 

significantly change in the presence of food.24

Steady state is achieved within 3 days of twice daily 

dosing. Elimination is mainly via the hepatobiliary route,33 

and renal and hepatic impairment increase exposure to both 

selexipag and its metabolite ACT-333679. Greater caution 

is recommended during up-titration in individuals with liver 

or renal impairment, and once daily administration is recom-

mended for patients with moderate liver impairment.24 Use 

of selexipag should be avoided in those with severe hepatic 

impairment.34 The initiation of selexipag in patients with 

impaired renal function is similar to patients with normal 

renal function, however, caution during titration is advised. 

There is a 40%–70% increase in exposure of selexipag and 

its active metabolite in patients with estimated glomeru-

lar filtration rates of 15–30 mL/minute/1.73 m2. Of note, 

there have been no studies involving patients with severely 

impaired renal function (estimated glomerular filtration 

rate 15 mL/minute/1.73 m2).24

Selectivity and tachyphylaxis: selexipag vs 
prostacyclin analogs
Downstream effects mediated via the IP receptor are thought 

to be responsible for the benefits of prostacyclin therapy 

in PAH. Selexipag and ACT-333679 act selectively at the 

Table 1 Adverse events reported during the GRiPHON clinical 
trial

Placebo  
(n=577) (%)

Selexipag  
(n=575) (%)

P-value

Headache 189 (33) 375 (65) 0.001
Diarrhea 110 (19) 244 (42) 0.001
Nausea 107 (19) 193 (34) 0.001
Pain in jaw 36 (6) 148 (26) 0.001
worsening of PAH 206 (36) 126 (22) 0.001
vomiting 49 (9) 104 (18) 0.001
Pain in extremity 46 (8) 97 (17) 0.001
Dyspnea 121 (21) 92 (16) 0.03
Myalgia 34 (6) 92 (16) 0.001
Dizziness 85 (15) 86 (15) 0.96
Peripheral edema 104 (18) 80 (14) 0.06

Notes: events reported by 15% in either group are listed. From N Engl J Med, 
Sitbon O, Channick R, Chin KM, et al, Selexipag for the treatment of pulmonary 
arterial hypertension, 373, 2522–2533. Copyright © (2015) Massachusetts Medical 
Society. Reprinted with permission from Massachusetts Medical Society.29

Abbreviation: PAH, pulmonary arterial hypertension.
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IP receptor, in contrast to epoprostenol and the synthetic 

prostacyclin analogs.25,35–40 Nonselective prostanoids have a 

shared affinity for a variety of other prostanoid receptors, 

some of which promote vasoconstriction or alter gastric 

motility.25,26,37,41 These data suggest that selectivity at the 

IP receptor could be advantageous.25,26,37 In contrast, other 

studies suggest that prostanoid activity at other vasodilatory 

cell surface receptors, or nuclear receptors involved in vas-

cular cell proliferation, might be beneficial.9,42 Characteriza-

tion of receptor profiles has been largely based on in vitro 

studies, thus the clinical consequences of drug actions at 

different receptors is unclear. This is particularly apparent 

in the context of pivotal placebo controlled clinical trials 

demonstrating strong evidence of benefit for both selec-

tive and nonselective therapies (Table 2). Nevertheless, the 

variability in prostanoid receptor expression across different 

experimental conditions26 and disease states43 does raise the 

possibility that some patients, or groups of patients, might 

differ in clinical response or side effects with different pros-

tacyclin pathway medications.

Another important difference between selexipag and the 

prostacyclin analogs is that selexipag does not appear to lead 

to IP receptor downregulation over time. Continuous infusion 

of the prostacyclin analogs, but not selexipag, leads to 

receptor internalization and tachyphylaxis in experimental 

conditions.44–47 The degree to which tachyphylaxis contrib-

utes to the need for late uptitration of epoprostenol in some 

patients during long-term infusion is unknown;48 however, 

the lack of receptor downregulation with selexipag treatment 

could potentially reduce the need for late uptitration. The 

mechanism of reduced IP receptor downregulation with sel-

exipag and its active metabolite is thought to be due to partial 

antagonism at the IP receptor. This partial antagonism leads 

to decreased recruitment of beta arrestin, a protein involved 

in the first step of internalization of the IP receptor, which 

is likely due to its nonprostanoid structure.47

Selexipag for the treatment of PAH
As the treatment of PAH continues to evolve, there has been 

a shift toward earlier use of combination therapy based on the 

paradigm that derangements in three distinct signaling path-

ways underlie the development of PAH. This includes both 

upfront combination therapy, as studied in the AMBITION 

clinical trial (tadalafil and ambrisentan), and earlier use of 

sequential combination therapy.49 Current guidelines also 

recommend consideration of triple combination therapy in 

Figure 3 Mean(standarddeviation)plasmaconcentrationversustimeprofilesofselexipaganditsmetaboliteACT-333679inhealthysubjects.
Notes: (A) Following selexipag 800 μg at steady state (morning dose of day 11; n=84). (B) Following selexipag 1,600 μg at steady state (morning dose of day 23; n=58).
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patients with an inadequate clinical response,50 supported 

by results of both the GRIPHON clinical trial, where 33% 

of patients were on combination background therapy, and 

a small pilot study of upfront triple combination therapy in 

patients presenting with advanced, severe PAH.51 Strengths 

of the GRIPHON trial include the enrollment of an unprec-

edented number of patients, long trial duration, and use of 

background therapy in a majority of patients.

The approval of selexipag for the treatment of PAH will 

likely allow for earlier treatment of a larger number of patients 

with an oral drug that targets the prostacyclin pathway24 

thought to play a key role in disease pathophysiology. A 

number of clinical trials studying selexipag are ongoing in 

order to improve our understanding of its use in the treatment 

of PAH in the modern era. One such trial is the TRITON 

study (NCT02558231) which aims to evaluate initial triple 

vs dual oral combination therapy in patients with newly 

diagnosed PAH.21

Conclusion
Selexipag, the first highly selective, nonprostanoid IP recep-

tor agonist to be approved for PAH, significantly reduced the 

likelihood of clinical worsening in a long-term randomized 

controlled clinical trial. Beneficial effects were observed both 

in treatment-naïve patients as well as in patients with one or 

two background PAH therapies.
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