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Current PAH-targeted medications:
Targeting 3 major pathways of endothelial dysfunction

*Only approved in the US; **Only approved in Japan and South Korea

Endothelin pathway Prostacyclin pathwayNO–cGMP pathway

Endothelin receptor 
antagonists (ERAs)

• Ambrisentan  

• Bosentan

• Macitentan

PDE5 inhibitors 

• Sildenafil

• Tadalafil

Prostanoids

• Epoprostenol iv

• Iloprost inhaled, iv

• Treprostinil sc, iv, 
(inhaled, oral)*

• (Beraprost)**

sGC stimulators
Riociguat

Non prostanoids
IP receptor agonist

Selexipag (oral)



Eur Respir J 2015; 46: 903-75; Eur Heart J 2016; 37:67-119 
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Recommendations for calcium channel blocker therapy 
in patients who respond to the acute vasoreactivity test
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Risk assessment in pulmonary arterial hypertension
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Treatment Algorithm for Pulmonary Arterial

Hypertension
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• Many RCTs with all drugs targeting the 3 dysfunctional pathways

(PGI2, ERA, PDE-5 inhibitors)

• Improvement in exercise capacity (35-45 m)

after 3-6 months1-7

• Modest improvement in haemodynamics1-7

− 25-35% decrease in PVR;

− almost no change in PAP

• Metanalysis8

− 25 RCTs, 3839 patients, 14.3 weeks

− 44% reduction in mortality (p=0.016)

• Huge experience worldwide

Initial monotherapy in PAH

1. Channick RN. Lancet 2001; 2. Galiè N. J Am Coll Cardiol 2005; 3.Pulido T. N Engl J Med 2013; 4. Galiè N. N Engl J Med 2005;

5. Galiè N. Circulation 2009; 6. Simonneau G. Am J Respir Crit Care Med 2002; 7. Barst RJ. N Engl J Med 1996. 8. Galiè N. Eur Heart J 2010.
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PAH progresses rapidly in patients on monotherapy

Pooled monotherapy arm from AMBITION

247 209 155 108 77 49 25 5

Number at risk:
Pooled monotherapy
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Time to first event of clinical failure* (primary endpoint)

Clinical failure in 

> 40% of patients at ~3.5 years

*Clinical failure: the first occurrence of a composite endpoint of death, hospitalization for PAH worsening, disease progression, or unsatisfactory long-term clinical response.

AMBITION, AMBrisentan and Tadalafil in patients with pulmonary arterial HypertensION.

Adapted from Galiè N et al. N Engl J Med 2015;373:834–44.



French cohort: Idiopathic, heritable and drug-induced PAH

1. Humbert M, et al. Circulation. 2010;122:156-63.

2. Boucly A, et al. Eur Respir J 2017;50:1700889.

2002-2003

N=190 (incident)

Time, months

3-year survival

58%

2006-2016

N=1592 (incident)

3-year survival

73%



Initial combination therapy is recommended for patients at 

intermediate or high risk at the time of diagnosis

a Some WHO-FC III patients may be considered high-risk; 
b  Initial combination with ambrisentan plus tadalafil has proven to be superior to initial monotherapy with ambrisentan or 

tadalafil in delaying clinical failure; 
c  Intravenous epoprostenol should be prioritized as it has reduced the 3 month rate for mortality in high-risk PAH patients also 

as monotherapy. 

1. Galiè N, et al. Eur Respir J 2015; 46:903-75;

2. Galiè N, et al. Eur Heart J 2016; 37:67-119.

Non-vasoreactive

PAH patients

Low or intermediate risk

(WHO FC II-III)a

High risk (WHO FC IV)a

Inadequate clinical response
Consider referral for

lung transplantation

Double or triple sequential combination

Initial

monotherapyb

Patient already 
on treatment

Initial oral 

combinationb

Inadequate clinical response

Initial combination 

including i.v. PGI2
c



AMBITION: Galiè N, et al. N Engl J Med 2015.

Hassoun P, et al. Am J Respir Crit Care Med 2015.

Sitbon O, et al. Eur Respir J. 2014.

BREATHE-2: Humbert M, et al. Eur Respir J. 2004.

Kemp K, et al. J Heart Lung Transplant 2012.

Sitbon O, et al. Eur Respir J 2016.

Joint-INTENTION; OPTIMA

TRITON study (macitentan, tadalafil, ± selexipag) ongoing

Galiè N, Humbert M, et al. Eur Respir J 2015;46:903–75; Eur Heart J 2016;37:67–119.

Initial combination therapy: What is the evidence?

• 2 RCTs + 1 ongoing • 2 open-label studies

• Small observational studies



Hospitalisation for PAH worsening was the

main component of the primary endpoint

AMBITION: Initial combo of ambrisentan AND tadalafil is 

superior to monotherapy with ambrisentan OR tadalafil
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C o m b in a tio n

*

#

#

#  p  <  0 .0 5

*  p  <  0 .0 0 1

Combination therapy n= 253 242 247 248 248 
Pooled monotherapy n= 247 240 243 244 244 
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P o o le d  m o n o th e ra p y

C o m b in a tio n

n= 49 43 44 46 46 Combination therapy 

n= 56 50 54 54 54 Pooled monotherapy 
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6MWD

NT-ProBNP

Galiè N, et al. N Engl J Med 2015;273:834:44.

• N=500 treatment-naïve patients with PAH (31% FC II)

• Primary endpoint: Time to the first occurrence of a composite

endpoint of death, hospitalization for PAH worsening, disease 

progression, or unsatisfactory long-term clinical response



OPTIMA study

• Prospective, multicenter, open-label study evaluating the effects of first-line 

oral cOmbination theraPy of maciTentan and tadalafIl in patients with newly 

diagnosed pulMonary Arterial Hypertension

• Primary objective: change in PVR at week 16

• Treatment naive PAH patients with 6MWD ≥ 50 m at screening

• 15 centres in France; 50 patients screened  /  46 enrolled

− Mean age: 57 ± 15 years

− 65% female

− 70% idiopathic/heritable PAH

− 78% FC III / 22% FC II

− 6MWD 352 ± 135 m

− PVR 934 ± 379 dyn.s/cm5



OPTIMA study: Change in PVR after 16 weeks
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OPTIMA study: Change in other variables

Baseline Week 16 P-value

RAP, mmHg 8.1 ± 4.7 7.8 ± 5.3 0.73

mPAP, mmHg 50.0 ± 12.3 42.2 ± 14.7 0.0002

CI, L/min/m2 2.2 ± 0.6 3.1 ± 0.8 <0.0001

SvO2, % 63.0 ± 7.1 68.2 ± 7.2 0.0003

NT-proBNP, ng/L
1457

(647 – 2119)

404

(147 – 874)
0.001

6MWD, m 352 ± 135 388 ± 142 0.0008
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AMBITION–BONSAI*

Ambrisentan

+ tadalafil

(n=19)1

Joint–INTENTION#

Bosentan

+ sildenafil

(n=23)2

French Network 

Cohort

ERA + PDE5i

(n=97)3

OPTIMA

Macitentan

+ tadalafil

(n=46)

D RAP (%) -17 - 36 -29 -4

D mPAP (%) -33 - 21
-16

(-10 mmHg)

-16
(-8 mmHg)

D CI (%) +56 +63
+46

(+1 L/min/m2)

+41
(+0.9 L/min/m2)

D PVR (%) -61 -60
-43

(from 12.7 WU)

-47
(from 11.7 WU)

D 6MWD (%) +25 + 42 +22 (+71 m) +10 (+36 m)

*BONSAI: BOlogNa Sub-study on hAemodynamIcs
#Joint Bologna and Calgary study on INiTial bosENTan plus sIldenafil in pulmonary arterial hypertension.

1. Bachetti C et al. Am J Respir Crit Care Med 2015;191:A479.

2. Palazzini M et al. Am J Respir Crit Care Med 2016;193:A6317.

3. Sitbon O et al. Eur Respir J 2016;47:1727–36.

Initial dual oral combination in PAH:

A matter of drugs or strategy?



▪ Prostacyclin

▪ Epoprostenol: i.v.

▪ Prostacyclin analogues

▪ Iloprost: i.v., inhaled

▪ Treprostinil: i.v., s.c., inhaled*, oral*

▪ Beraprost: oral#

▪ Non prostanoid IP receptor agonist

▪ Selexipag: oral

* only licensed in the US

# only licensed in Japan and South Korea

PAH-specific therapies targeting the prostacyclin signalling 

pathway



Efficacy 

evaluation

Day 

1

Day

3

Day

7

Day

21

Day

35

Week 

17

Week 

21*

Hospital visits 

(day 21 visit

optional)

Transition to 

open-extension 

study

Determination of 

final optimized dose 

Selexipag or

placebo bid (3:1)

200 µg

400 µg

600 µg

800 µg

Hospitalization

(optional, 

up to 7 days)

Simonneau G, et al. Eur Respir J 2012; 40:874–80.

Phase II study with selexipag: Study design

▪ Primary EP
− % change in PVR

▪ Secondary EP
− Change in 6MWD,

− Change in other

hemodynamic variables

▪ 43 patients
− Selexipag (n = 33)

− Placebo (n = 10)

▪ All on background 

treatment with ERA 

and/or PDE-5i



Placebo Selexipag

n = 10 n = 33

FC II : III (n, %) 2 (20%) : 8 (80%) 15 (45%) : 18 (55%)

Mean 6MWD ± SD (m) 350 ± 123 396 ± 71

Mean PVR ± SD 

(dyn•s•cm5)

867 ± 379 929 ± 437

Background therapy

ERAs, n (%) 7 (70%) 24 (73%)

PDE-5 inhibitor, n (%) 6 (60%) 21 (64%)

Combination, n (%)

ERA + PDE-5 inhibitor 3 (30%) 12 (36%)

Simonneau G, et al. Eur Respir J 2012; 40:874–80.

Phase II study with selexipag: Main baseline characteristics

Selexipag Group

n = 33

Sildenafil 

monotherapy

27.2%

ERA

monotherapy

36.4%

ERA plus

sildenafil

36.4%



Treatment effect: +24.2 m

(95% CL: −23.7, 72.2)

p = NS

Placebo

n = 10

Selexipag

n = 32
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n = 29

The beneficial effects with selexipag were observed despite patients receiving background therapy with an ERA and/or sildenafil

Simonneau G, et al. Eur Respir J 2012; 40:874–80.

Phase II study with selexipag: Change in PVR and 6MWD



GRIPHON: Pivotal phase III study with selexipag

• Global, multicenter, double-blind, 1:1 randomized, parallel-group, placebo-

controlled, event-driven, phase III study

End of Study
331 events

Randomization
1:1

End of Treatment 
Variable treatment duration

Screening 

28 days

Selexipag (200–1600 mcg b.i.d.)

Placebo (b.i.d.)

Sitbon O, et al. N Engl J Med 2015;373:2522–33.



GRIPHON study titration and dosing  

Randomization

Screening

Individualized maintenance 
dose (mcg b.i.d.)

1600

Titration phase (12 weeks) Maintenance phase 

1400

1200

1000

800

600

400

200

1600 
mcg
b.i.d.

Weekly 

up-titration 

200 mcg
b.i.d.

Dose adjustment to the 

highest tolerated dose

Sitbon O, et al. N Engl J Med 2015;373:2522–33.



Worsening of PAH 

resulting in need for lung 

transplantation 

or atrial septostomy

Initiation of parenteral 

prostanoids or chronic O2

for worsening PAH

All-cause death

Hospitalization 

for worsening of PAH

Morbidity or 

mortality event

All events adjudicated by a blinded critical event committee 

Disease progression

OR

OR

OR

OR

Decrease in 6MWD of at least 15%

and Need for additional PAH therapy

Patients with WHO FC III/IV at baseline

Decrease in 6MWD of at least 15%

and Worsening in WHO FC

Patients with WHO FC II/III at baseline 

GRIPHON primary composite endpoint of death or morbidity due to PAH

Sitbon O, et al. N Engl J Med 2015;373:2522–33.



 Change from baseline to week 26 in 6MWD at trough

 Absence of worsening from baseline to week 26 in NYHA/WHO FC

 Time to death due to PAH or hospitalization due to PAH worsening up 

to EOT + 7 days

 Time to death of all causes up to study closure

 Change from baseline to week 26 in CAMPHOR breathlessness and 

symptoms score

GRIPHON secondary efficacy endpoints

Sitbon O, et al. N Engl J Med 2015;373:2522–33.EOT = end of double-blind treatment



No. at Risk

Placebo 582 433 347 220 149 88 28

Selexipag 574 455 361 246 171 101 40
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Selexipag vs placebo: Risk reduction 40%

HR = 0.60;     99% CI 0.46–0.78;    p < 0.0001

Placebo

Sitbon O, et al. N Engl J Med 2015;373:2522–33.

GRIPHON: Selexipag reduced the risk of the primary outcome 

composite of death or morbidity due to PAH



GRIPHON: Events contributing to the primary endpoint up to EOT

Primary endpoint events, n (%)

Placebo 

n = 582

Selexipag 

n = 574

All primary endpoint events 242 (41.6) 155 (27.0)

Hospitalization for PAH 109 (18.7) 78 (13.6)

Disease progression 100 (17.2) 38 (6.6)

Death (all causes) 18 (3.1) 28 (4.9)

Parenteral prostanoid or chronic O2

therapy
13 (2.2) 10 (1.7)

PAH worsening resulting in need for lung 

transplantation or balloon atrial septostomy
2 (0.3) 1 (0.2)

Sitbon O, et al. N Engl J Med 2015;373:2522–33.



Primary endpoint according to background PAH therapy

No. at Risk

Placebo 76 56 47 32 23 11 4
Selexipag 94 67 50 36 29 17 9

MonthsNo. at Risk

Placebo 124 84 67 45 33 23 8

Selexipag 112 97 81 49 40 23 12

No. at Risk

Placebo 197 158 119 70 44 27 7
Selexipag 179 140 105 70 43 31 8
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Selexipag vs placebo: Risk reduction 37%
HR=0.63; 99% CI, 0.39–1.01 

ERA and PDE-5i combination
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Selexipag vs placebo: Risk reduction 34%
HR=0.66; 99% CI, 0.32–1.35 
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Selexipag vs placebo: Risk reduction 42%
HR=0.58; 99% CI, 0.37–0.91 

No. at Risk

Placebo 185 135 114 73 49 27 9

Selexipag 189 151 125 91 59 30 11
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Effect of selexipag on primary composite endpoint in patients 

receiving dual combination therapy (ERA and PDE-5i)

HR 0.36
(95% CI 0.14 – 0.91)

FC II symptoms

HR 0.74
(95% CI 0.50 – 1.10)

FC III symptoms

Coghlan JG, et al. Am J Cardiovasc Drugs 2018;18:37–47.

Risk reduction

FC II patients 63%

FC III patients 26%



Effect of selexipag on primary composite endpoint in patients with 

connective-tissue diseases

No. at Risk

Placebo 167 114 92 57 38 21 3

Selexipag 167 129 102 70 44 21 10
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Selexipag vs placebo: Risk reduction 41%

HR = 0.59;  99% CI, 0.37–0.96
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PAH-CTD
• SSc: 54.8%  
• SLE: 25.1%

• MCTD: 9.6% 
• Other: 10.5%

Gaine S, et al. Eur Respir J 2017;50:1602493.



GRIPHON: Most frequent adverse events and abnormal laboratory results

Sitbon O, et al. N Engl J Med 2015;373:2522–33.



GRIPHON: Most frequent adverse events and abnormal laboratory results



Selexipag in Pulmonary Arterial Hypertension

• In the GRIPHON study, selexipag significantly reduced the risk of a 

composite of death or first morbidity event by 40% compared with placebo

• The efficacy of selexipag was consistent across key subgroups, including 

patients receiving dual PAH combination therapy at baseline

• Individualised titration to the highest tolerated dose resulted in consistent 

efficacy across the high, medium and low dose groups

• The tolerability and safety of selexipag was consistent with what is known 

from prostacyclin therapies

• To analyse the effect of an initial triple oral combination therapy including 

selexipag is the next step (ongoing TRITON study)...



Conclusions

▪ Many drugs… but strategies are more important than drugs

▪ Initial dual oral combination therapy with ERA and PDE5i is superior to 

monotherapy in FC II-III patients and is becoming the “gold standard” for 

most patients having an intermediate risk at baseline

▪ Initial double/triple combination therapy including parenteral PGI2 is notably 

effective and seems to be associated with an improved survival in the most 

severe patients (FC IV and some III with high risk profile)

▪ No direct comparison between initial combination and rapid (“aggressive”) 

sequential treatment escalation if treatment goals are not met


