
Pharmacology and clinical 
application of PAH target 
agents

2025-06-21 2025 폐혈관 School 
서울아산병원 호흡기내과 이장호



Contents

Introduction

•Nitric oxide pathway
•Endothelin 1 pathway
•Prostacyclin pathway
•Activin signaling pathway 

PAH drugs

Treatment algorithm



Pulmonary arterial 
hypertension

• Pulmonary vasculopathy, 
characterized by pathologic 
remodeling and 
vasoconstriction of the 
pulmonary arteries.

• PAH results in chronic RV 
pressure overload, 
development of RV failure 
and death.

Circ Res. 2014;115:115-130.



Eur Respir J. 2024 Oct 31;64(4):2401323

Progressive hemodynamic nature of PAH



Pulmonary arterial hypertension

• Treatment goal in PAH
• To reduce the RV afterload in order to 

accomplish favorable RV adaptation, 
stable RV function and low mortality 
rates

Circulation. 2023 Apr 25;147(17):1317-1343



Pulmonary arterial hypertension
• Treatment goal in PAH

• To reduce the RV afterload in order to accomplish favorable RV adaptation, stable RV 
function and low mortality rates

• PAH medication
• ERA: Bosentan, Ambrisentan, Macitentan

• PDE5i: Tadalafil, Sildenafil

• sGC stimulator: Riociguat

• Prostacyclin analogues: Epoprostenol (IV), Trepostinil (IV,SQ,Inh,Oral), Iloprost (Inh)

• Selective IP receptor agonist: Selexipag

• Recombinant activin receptor fusion protein: Sotatercept



Am J Respir Crit Care Med. 2024 Sep 1;210(5):581-592



Eur Respir J. 2024 Oct 31;64(4):2401325



Importance of achieving treatment goals early
• Baseline RVEF is a more important prognostic factor than the baseline PVR

9J Am Coll Cardiol 2011;58:2511–9
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Efficacy of upfront dual combination therapy

11N Engl J Med 2015;373:834-44

• AMBITION study
✓ Ambrisentan + Tadalafil (n = 253) vs. Ambrisentan (n = 126) vs. Tadalafil (n = 121)

✓ Eligible participants
✓ Group 1 PH with NYHA FC II/III

✓ mPAP ≥25mmHg

✓ Naïve or less than 14 days for PAH treatment

✓ Primary outcome (Composite outcome)
✓ any-cause death

✓ hospitalization for worsening PAH

✓ Disease progression (6MWD 15%↓ & WHO Fc 3 or 4)

✓ Unsatisfactory long-term clinical response                                                                                      
(6MWD ↓ & WHO Fc 3 or 4)



Efficacy of upfront dual combination therapy

J Heart Lung Transplant 2018;37:1410 1417, Respiratory Research (2019) 20:208 

Risk score WHO Fc
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Effect of early treatment
• GRIPHON study

✓ Selexipag (n = 574) vs. Placebo (n = 582)

✓ Eligible participants
✓ Group 1 PH

✓ PVR ≥ 5WU & 6MWT 50m to 450m

✓ Naïve/ERA mono/PDEi mono/ERA+PDEi

✓ Primary outcome (composite outcome)
✓ any-cause death

✓ hospitalization for worsening PAH

✓ Disease progression

✓ Parenteral PPA use

✓ Long term oxygen therapy

✓ Lung transplantation

✓ Balloon atrial septostomy

14

HR 0.60 (0.46-0.78, P<0.001)

N Engl J Med 2015;373:834-44



GRIPHON post hoc study

15CHEST 2021; 160(1):277-286

Early treatment population
(≤ 6 months)

Late treatment population
(> 6 months)

HR 0.45 (0.33-0.63) HR 0.74 (0.57-0.96) 

• Selexipag showed beneficial effects, with a more pronounced treatment effect seen in 
patients treated earlier



CHEST 2021; 160(1):277-286

GRIPHON post hoc study
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Limitation of dual combination therapy

At diagnosis Low Intermediat
e High

Low
(n =14) 11 (78.6%) 3 (21.4%)

Intermediat
e

(n = 83)
41 (49.4%) 41 (49.4%) 1 (1.2%)

High
(n =16) 9 (56.3%) 7 (43.8%)

18Am J Respir Crit Care Med. 2021 Feb 15;203(4):484-492

• iPHNET database study
✓ 181 treatment-naïve PAH patients
✓ Upfront dual (ERA + PDE-5i) combination therapy



Limitation of dual combination therapy

19Am J Respir Crit Care Med. 2021 Feb 15;203(4):484-492

• Factors related to poor PVR response 
✓ Risk status at baseline

✓ Poor PVR reduction response prediction factor
✓ Age≥60

✓ Male

✓ mPAP ≥48mmHg & CI <2.5L/min/m2

✓ RVEDA/LVEDA >1 & low TAPSE <18mm



Upfront triple therapy

20Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854

• French PAH registry analysis
✓ Eligible participants

✓ Idiopathic, heritable, or anorexigen-induced PAH
with mPAP ≥25mmHg, mPAWP ≤15mmHg & PVR >3WU

✓ Patients receiving PAH therapy within the first 3 months



Upfront triple therapy

21Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854



Upfront triple therapy

22Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854



Upfront triple therapy

23

High risk at baseline Intermediate risk at baseline

Am J Respir Crit Care Med. 2021 Oct 1;204(7):842-854
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Upfront triple therapy with PO PPA 
• TRITON study

✓ Macitentan + Tadalafil + Selexipag (n = 123) 
vs. Macitentan + Tadalafil + Placebo (n = 124)

✓ Eligible participants
✓ Group 1 PH

✓ PVR ≥6WU & 6MWT ≥50m

✓ Naïve to PAH treatment

✓ Primary outcome
✓ PVR at 26 weeks

25J Am Coll Cardiol. 2021 Oct 5;78(14):1393-1403

HR 0.96 (0.86-1.07, P=0.42)



Upfront triple therapy with PO PPA 

26J Am Coll Cardiol. 2021 Oct 5;78(14):1393-1403

Disease progression event
- Hospitalization for worsening
- Clinical worsening of PAH
- Initiation of prostacyclin for worsening
- Death



Eur Respir J. 2024 Oct 31;64(4):2401325



Adverse Effects of PAH Target Agents
Class Major Adverse Effects Frequency

ERA LFT elevation, peripheral edema, anemia, 
headache

Common

PDE5i Headache, flushing, visual disturbance, myalgia Common

sGC stimulator Hypotension, headache, nausea, dizziness Common

Prostacyclin analogues Flushing, headache, jaw pain, nausea, diarrhea, 
hypotension, site reaction

Very common

IP receptor agonist Headache, diarrhea, jaw pain, myalgia, nausea, 
vomiting

Very common





N Engl J Med 2021;384:1204-15



N Engl J Med 2021;384:1204-15, N Engl J Med 2023;388:1478-90

Sotatercept



Sotatercept

N Engl J Med 2023;388:1478-90, N Engl J Med 2025;392:1987-2000 



• STELLAR study
✓ Sotatercept (n = 163) vs. Placebo (n = 160)

✓ Eligible participants

✓ Group 1 PH & ≥18 years of age

✓ WHO FC II or III

✓ PVR ≥5WU & 500m≥ 6MWD ≥150m

✓ Stable background therapy for PAH

✓ Primary outcome

✓ Change in 6MWD at 24 weeks

• ZENITH study
✓ Sotatercept (n = 86) vs. Placebo (n = 86)

✓ Eligible participants

✓ Group 1 PH & 18-75 years of age

✓ WHO FC III or IV

✓ REVEAL Lite 2 risk score ≥8 & PVR ≥5WU

✓ Stable maximum tolerated doses of double or triple therapy

✓ Primary outcome

✓ All-cause death + Lung T + hospitalization for worsening PAH

Study design

N Engl J Med 2023;388:1478-90, N Engl J Med 2025;392:1987-2000 



Study outcome

N Engl J Med 2023;388:1478-90, N Engl J Med 2025;392:1987-2000 

STELLAR study ZENITH study

Hazard ratio, 0.16 (95% CI, 0.08-0.35)
P<0.001



N Engl J Med 2023;388:1478-90



European Respiratory Journal 2025 2401424



J Heart Lung Transplant. 2025 Jan;44(1):1-10



Continued sotatercept

Placebo crossed

1 year24 weeksSTELLAR, PULSAR

Eur Respir J. 2025 Feb 20:2401435



Eur Respir J. 2025 Feb 20:2401435

Simplified French low risk

SOTERIA Study



Eur Respir J. 2025 Feb 20:2401435

SOTERIA Study



Eur Respir J. 2025 Feb 20:2401435

SOTERIA Study



115 (27.0%)

97 (22.8%)

Eur Respir J. 2025 Feb 20:2401435



CHEST 2024; 166(3):604-611

Sotatercept



Symptomatic PAH Group 1 diagnosed within 12 months



Eur Respir J. 2024 Oct 31;64(4):2401325



Eur Respir J. 2024 Oct 31;64(4):2401323



Eur Respir J. 2024 Oct 31;64(4):2401323



보험기준 
(Sildenafil, ambrisentan, macitentan)
• 대상환자 

• Group 1 PAH (특발성, 가족성, 교원성혈관질환, 선천성 심질환, 문맥고혈압 동반)

• WHO FC 2 or 3

• 2제 요법으로 추가
• 단독요법으로 3개월 이상 투여 후 반응이 충분하지 않을 때 ( A & B)

• A: 우심실부전의 증거, 빠른 진행 속도, 실신, WHO-FC 3 이상

• B: 6MWD ≤440m, Peak VO2 ≤15mL/Kg*min
BNP≥50, NT-proBNP ≥300

Pericardial effusion, TAPSE<1.5cm
RAP≥8mmHg, CI <2.5L/min/m2



보험기준 
(Selexipag)
• 대상환자 

• Group 1 PAH (특발성, 가족성, 교원성혈관질환, 선천성 심질환, 문맥고혈압 동반)

• ERA ± PDE 5 inhibitor 반응이 충분하지 않거나, 둘 다 금기일 경우

• 기본적으로 병용 투여만 인정
• 단독요법으로 3개월 이상 투여 후 반응이 충분하지 않을 때 ( A & B)

• A: 우심실부전의 증거, 빠른 진행 속도, 실신, WHO-FC 3 이상

• B: 6MWD ≤440m, Peak VO2 ≤15mL/Kg*min
BNP≥50, NT-proBNP ≥300

Pericardial effusion, TAPSE<1.5cm
RAP≥8mmHg, CI <2.5L/min/m2



보험기준 
(Treprostinil)
• 대상환자 

• Group 1 PAH (특발성, 가족성, 교원성혈관질환, 선천성 심질환, 문맥고혈압 동반)

• NYHA 3 or 4

• 단독 요법
• WHO FC 4

• 6MWD <165m, Peak VO2 <11mL/Kg*min, VE/CO2 slope ≥45
BNP >300, NT-proBNP >1400
Pericardial effusion, RA area >26cm
RAP >14mmHg, CI <2.0L/min/m2, SvO2<60%



보험기준 
(Treprostinil)
• 대상환자 

• Group 1 PAH (특발성, 가족성, 교원성혈관질환, 선천성 심질환, 문맥고혈압 동반)

• NYHA 3 or 4

• 병용 요법
• 단독요법으로 3개월 이상 투여 후 반응이 충분하지 않을 때 ( A & B)

• A: 우심실부전의 증거, 빠른 진행 속도, 실신, WHO-FC 3 이상

• B: 6MWD ≤440m, Peak VO2 ≤15mL/Kg*min
BNP≥50, NT-proBNP ≥300

Pericardial effusion, TAPSE<1.5cm
RAP≥8mmHg, CI <2.5L/min/m2



보험기준 
(Iloprost inhalation)
• 대상환자 

• Group 1 PAH (특발성, 가족성, 교원성혈관질환, 선천성 심질환, 문맥고혈압 동반)

• NYHA 3 or 4

• 병용 요법 (1일 최대 3amp, 1amp 당 20ug)
• 단독요법으로 3개월 이상 투여 후 반응이 충분하지 않을 때 ( A & B)

• A: 우심실부전의 증거, 빠른 진행 속도, 실신, WHO-FC 3 이상

• B: 6MWD ≤440m, Peak VO2 ≤15mL/Kg*min
BNP≥50, NT-proBNP ≥300

Pericardial effusion, TAPSE<1.5cm
RAP≥8mmHg, CI <2.5L/min/m2



THANK YOU 
FOR YOUR 
ATTENTION
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