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4-pathway drugs for PAH

Chin KM, et al. Eur Respir J 2024; in press: 2401325



Evolving PAH treatment stratege
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Vasoreactivity testing algorithm in patients 
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Calcium channel blockers on survival in PPH

Rich et al. N Engl J Med 1992;327:76-81

64 patients with PPH

17                      16 ((94%)

47                      26 (55%)

p=0.003

NIH registry

60 patients with PPH in AMC

Ahh JH et al. Korean Med Sci 2014; 29: 1665-1671 



Effects of endothelin 



bosentan vs ambrisentan

Bosentan Ambrisentan

FC label indication II/III/IV II/III

Receptor selectivity Dual (ETA and ETB) Selective (ETA)

Metabolism Hepatic via CYP2C9 and 

CYP3A4

Hepatic via CYP3A4, 

CYP2C19, and UGTs

Drug interaction High

Significantly decreases 

levels of Sildenafil, 

Warfarin

Low

No interaction with 

sildenafil or warfarin

Hepatotoxicity High ( 10%) Low (2%)

Peripheral edema moderate High

Hb decrease + +



Macitentan: Dual ERA

Enhanced pharmacological activity, 

longer-lasting receptor occupancy

Optimized physicochemical properties to 

achieve high affinity for tissue targeting

Higher efficacy compared with other ERAs

Safety profile for liver toxicity

2J Pharmacol Exp Ther 2008;327:736–745 3PLoS ONE 2012;7(10):e47662; 
4Am J Respir Crit Care Med 183;2011:A6445; 5Eur Respir J 2012;717s P3903-P3906

6Curr Opin Investig Drugs 2010;11(9):1066-73; 7AAPS J 2012;14:68-78

Bosentan Macitentan



Sequential combination therapy :

macitentan to PDE5i

N Engl J Med 2013;369:809-18

All patients Patients with background Therapy 



Initial (Upfront) combination therapy:

Ambrisentan+Tadalafil 

Galie N et al. N Engl J Med 2015;373:834-44



Phosphodiesterase (PDE)-5 Inhibitors for PAH

Archer SL, et al. N Engl J Med 2009;361:1864-71



Sildenafil for PAH: SUPER study

• 12 week, double-blind, prospective, randomized, multicenter trial

• PAH(IPAH 63%, CTD-PAH 30%, CHD-PAH 7%), FC II (39%), III (58%)

Galie N, et al. N Engl J Med 2005;353:2148-57.
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Sildenafil for PAH: SUPER study

Galie N, et al. N Engl J Med 2005;353:2148-57.

* * * * ** * *

US FDA  recommend 20 mg TID, and allows dose titration up to 80 mg TID, if needed.



Adverse event: SUPER study

Galie N, et al. N Engl J Med 2005;353:2148-57.



cGMP, cyclic guanosine monophosphate; GTP, guanosine triphosphate; NO, nitric oxide; PDE5, phosphodiesterase 5; sGC, soluble guanylate cyclase

References 1. Stasch JP, Evgenov OV. Handbook of Experimental Pharmacology: Pharmacotherapy of Pulmonary Hypertension. Springer-Verlag, 2013 2. Evgenov OV et al. BMC Pharmacol. 2011;11(Suppl 1):O9 3. Lang M et al. 

PLoS One. 2012;7:e43433 4. Hoeper MM et al. Eur Respir J. 2017;50:1602425

Riociguat sensitizes sGC to any NO that is 

present in the cells, by stabilizing the NO-

sGC binding

Independently of NO, Riociguat 

stimulates sGC directly to produce cGMP

sGC stimulators target the NO-sGC-cGMP pathway 
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↑ Vasodilation

↓ Proliferation

Antifibrotic

Anti-inflammatory
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Riociguat: sGC stimulator



Riociguat replacing PDE5 inhibitor

Hoeper MM, et al. Lancet Respir Med2021 ;9(6):573-584



Adverse events: riociguat vs PDE5i

Hoeper MM, et al. Lancet Respir Med2021 ;9(6):573-584

Event (%)
Riociguat

(n=111)

PED5i

(n=114)

Hypotension* 14% 5%

Headache 13% 7%

Dyspepsia 9% 0

Gastroesophageal reflux disease 7% 1%

Any severe AE 9% 11%

Any serious adverse event 7% 17%

Adverse events leading to death 0 3%



Macitentan/Tadalafil single-table dual 

combination therapy 



Pharmacologic properties of prostacyclins



Prostacyclin pathway Agents (PPAs)



Drugs that target the prostacyclin pathway

Irene M. Lang & Sean P. Gaine Eur Respir Rev 2015; 24: 630–641



Continuous SC treprositnil in PAH

Inclusion: PPH (134/136), PH with CTD (41/49) or CHD (58/51)

FC II (25/28), III (190/192), IV (18/16)

Design: 12 weeks, double-blind, placebo-controlled multicenter  

Am J Respir Crit Care Med Vol 2002; 165: 800–804, 

Exercise capacity 

; ∆6MWD   16 m (p=0.006)

Greater in the sicker 

and dose-related.



Infusion site pain in SC treprostinil

• Up to 5-23% of patients discontinue due to site pain.

• Typically reaches an apex 2 to 5 days after starting new infusion site, usually subsides 5 to 7 days.

• Mechanism: vasodilatation and pain stimulation, inflammation

• Recommendations for reducing site pain

- rapid dose titration

- pretreatment with anti-inflammatory agents

- dry catheter pre-placement



Selexipag : selective IP receptor agonists

In animal models, selectivity for the IP receptor has been shown to avoid activation of other prostanoid

receptor subtypes (e.g., EP3) which can cause vasoconstriction and gastrointestinal side effects as 

shown by other prostacyclin analogs in vitro and in vivo (beraprost, treprostinil, iloprost)

Sitbon O, et al N Engl J Med 2015;373:2522-2533



Triple combination therapy: 

selexipag to ERA and PDE5i

Sitbon O, et al N Engl J Med 2015;373:2522-2533

J. Gerry Coghlan , et al. Am J Cardiovasc Drugs 2018, 18;37-47

ERA and PDE5i



Adverse events

Sitbon O, et al. N Engl J Med. 2015 Dec 24;373(26):2522-33 

Overall, 41 patients (7.1%) in the placebo group and 82 patients (14.3%) in the 

selexipag group discontinued their study regimen prematurely.





Risk reduction with initial combination therapy 

with ERA and PED5-inhibitors

Badagliacca R, et al. Am J Respir Crit Care Med 2021; 203 ;484–49

❖ 181 treatment-naive patients with PAH (81% idiopathic) with a follow-up right heart 

catheterization at 6 months



Initial triple versus dual oral 

combination therapy in PAH



Initial triple-combination therapy with 

parenteral prostacyclin

• A retrospective analysis of incident patients with idiopathic, heritable, or anorexigen-

induced PAH enrolled in the French Pulmonary Hypertension Registry

Boucly A, et al. Am J Respir Crit Care Med. 2021;204-842-54

A) Patients with a high-risk status  (B) patients with an intermediate-risk status



Sotatercept: a first-in-class activin signaling 

inhibitor targeting vascular remodeling

Humbert M, et al. N Engl J Med 2021;384:1204-1215

Restoring cellular rebalancing and reverse remodeling



Sotatercept: the PULSAR trial

Inclusion(n=106):  IPAH (58%), Heritable (16%), CTD(17%). Drug(7%), CHD (3%)

FC II (53%), III (47%)

Mono (9%), dual (35%), Triple (56%), IV/SC PCA (37%)

Design: 24 weeks, double-blind, placebo-controlled multicenter  

Humbert M, et al. N Engl J Med 2021;384:1204-1215



Sotatercept Phase 3 trials



2024 7th World symposium on PH

Chin KM, et al. Eur Respir J 2024; in press: 2401325



Case 34/F IPAH

2020.03 DOE (WHO Fc II)

2020.08 외부병원 echo: severe PH (sPAP 88mmHg) with mild RV dysfunction

RHC: mPAP 57mmHg, PAWP 11, mRAP 13mmHg -> bosentan

2020.09 AMC    WHO Fc II/III 

NT pro-BNP  1404 pg/mL

6MWT 484m (HR 113 -> 141,  SpO2 99 -> 97%)

CPET: VO2max 15.1 mm/kg/min, 83 watts, 

peak HR 156, O2 pulse 6.2 ml/beat

macitentan, sildenafil



2020.08 



폐동맥고혈압 신속(초기) 병용요법 급여기준

가) 인정 가능 2제 병용 조합 : PDE5i계+ ERA계, Treprostinil 주사제+ ERA계, Treprostinil 주사제+

PDE5i계

나) 대상환자: 우심도자를 통해 폐동맥고혈압이 확진되고, WHO 기능분류 단계 Ⅳ에 해당하면서, 아래의 지표 

중 한 개 이상을 만족하는 경우 

• 환자의 상태로 인해 우심도자 검사가 불가능한 경우,심초음파 검사 상 ‘peak tricuspid regurgitation velocity >3.4(m/s)’등

폐동맥고혈압을 확실히 의심할 수 있는 경우를 포함함



폐동맥고혈압 순차적 병용요법 급여기준

1) 2제 요법

 단독요법으로 3개월 이상 투여 후 임상적 반응이 충분하지 않을 때

(다음의 ①∼④항 소견 중 최소 1개와 ⑤∼⑨항 중 최소 1개를 모두 만족), 

작용기전이 다른 약제※ 1종을 추가한 병용요법을 인정함.

2) 3제 요법 
 상기 1)의 2제 요법으로 3개월 이상 투여 후 임상적 반응이 충분하지 않을 때c), 

2제 요법에서 사용되지 않은 작용기전이 다른 약제※ 1종을 추가한 순차적 병용투
여(sequential combination)를 인정함.





2020.08 2022.11 2023.11 2025.01

WHO 

function 

class

II

Macitentan

+

sildenafil

III

Macitentan

+

Sildenafil

+

selexipag

III

Macitentan

+

Sildenafil

+

selexipag
+

balloon atrial 

septostomy

III

Syncope - + + -

BNP (pg/ml) 160 874 1691 786

6MWT (m) 484 420 325 330

mRAP

(mmHg)
13 7 10 3

Mean PAP 

(mmHg)
57 57 60 60

CO (L/m) 4.4 2.3 2.9

PVR (WU) 8.4 23 17

ScvO2 (%) 69 52 56



TR Vmax (m/s) 5.0 2.8

sPAP (mmHg) 103 34

RV 

dysfunction

severe mild

Quadruple Tx with macitentan, sildenafil, 

selexipag and sotaterpcet



2025.01 2026.05

WHO function class III II

BNP (pg/ml) 786 17

6MWT (m) 330 420

Quadruple Tx with macitentan, sildenafil, 

selexipag and sotaterpcet



Partial/complete remission of PAH

Rubin LJ, Naeije R.Eur Respir J 2023; 61: 2201972.



Treatment strategies of PH
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