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Objectives 

• ECS ERS 2022 guidelines-
• New approach to therapy

• Compare and contrast major recommendations with 2015

• Recent literature to support decision making

• New drug in a new family . 
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PAH with comorbidities



Risk assessment in PAH (three-strata model)

Table 16, p.40

• Based on registry data, higher risk 
of death at 1-year acknowledged

• Reinforces the need for proactive 
management of PAH 

• ECHO, cMRI, HD criteria added

• NT-proBNP and BNP high risk 
thresholds adjusted



Simplified four-strata risk-assessment tool (table 18)

Table 18, p.42

• Prognostic assessment at FU is based on assessment of WHO-FC, 6MWD and NT-proBNP/BNP 

• Follow-up risk score calculated based on ≥2 parameters to give
• 1 (low)   1-year risk of death <3%
• 2 (intermediate-low) 1-year risk of death <2-7%
• 3 (intermediate-high) 1-year risk of death <9-19%
• 4 (high)   1-year risk of death >20% 

• Additional variables can be considered as needed, however no thresholds are proposed

• The authors expect that the “simplified” approach with foster greater adoption of risk 
assessment

Risk is calculated by dividing the sum of all grades by the number of variables and rounding to the next integer.



PAH treatment algorithm

Figure 9, p.49

• Algorithm calls out I/H/D-PAH and PAH-CTD 

• For PAH-CHD -patients who should be treated: 
• PAH-CHD patient with small/coincidental 

defects
• PAH-CHD patients with corrected defect



Treatment initiation  

Figure 9, p.49

• The treatment algorithm calls out patients with 
and without cardiopulmonary comorbidities 

• In non-comorbid patients 
• Strong recommendation of initial dual 

(ERA & PDE5i) in low & intermediate
• Recommendation for initial triple incl. 

parenteral PCA in high risk 
• No recommendation for initial triple oral 

based on TRITON (short term endpoints)

• In comorbid patients initial monotherapy 
(ERA / PDE5i) is recommended



Triple therapy 
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Triton study



Study Overview

• In an event-driven trial, 
macitentan (an endothelin-
receptor antagonist) at a dose 
of 3 or 10 mg was compared 
with placebo in patients with 
symptomatic pulmonary 
arterial hypertension.

• At a median of 115 weeks, 
both macitentan doses were 
associated with reduced 
morbidity and mortality.

N Engl J Med
Volume 369(9):809-818

August 29, 2013

SERAPHIN Trial 2013

Composite Primary End Point of a First Event Related 

to Pulmonary Arterial Hypertension or Death from Any Cause.



SERAPHIN OL 2022
Open label extension of SERAPHIN to study 
the safety, tolerability and survival of 
patients with PAH on Macitentan

Of the 742 patients randomized in SERAPHIN 
550 were enrolled







Treatment follow-up (no comorbidities)

Figure 9, p.49

• Following regular follow-up assessment, patients 
at low risk should continue on double 
combination therapy

• Distribution of patients by risk at follow up:
• Low:   17.0%
• Intermediate-low: 27.9%
• Intermediate-high: 37.8%
• High:   17.3%



Treatment follow-up (no comorbidities)

Figure 9, p.49

• Intermediate-low at FU (ca. 28% in COMPERA) add 
selexipag or switch PDE5i to riociguat recommended 

• Level of recommendation is stronger for selexipag 
GRIPHON large long-term RCT) compared with riociguat 
(REPLACE short-term open label study)

• Escalation is more consistent with the 
guidelines overall approach 



Treatment follow-up (no comorbidities)

Figure 9, p.49

• Intermediate-high (~38% in COMPERA) and high (~17% 
in COMPERA) at follow-up; add parenteral PCA and 
evaluate for lung Tx recommended

• Note: text outlines addition of selexipag or switch 
from PDE5i to riociguat if adding i.v./s.c. prostacyclin 
analogues is unfeasible

• Stronger rationale to escalate and target the 
prostacyclin pathway with selexipag adding



Replace study 2021
Prospective open label

PAH type I, H, D, CTD, and CHD

Patients on ERA with PDE5i or PDE5i 
alone were randomized to shift from 
PDE5i to Riociguat to stay the same.

Composite end point of 6 minutes 
walk, ProBNP, and Functional Class 
improvement .  





Adding Selexipag to double combination 
therapy
• 376 PAH patients in GRIPHON study were already receiving double 

combination therapy of Endothelin Receptor Antagonist (ERA) and 
Phosphodiesterase-5 Inhibitor (PDE-5i) 
• 115 WHO FC II symptoms

• 255 WHO FC III symptoms

• Post Hoc analysis of these patients can shed light on the efficacy, and 
safety of Selexipag as a third agent

• Coghlan, AM J Cardiovasc Drugs -2018



Effect of selexipag on the primary composite 
endpoint of morbidity/mortality when added to 
Dual therapy

• Overall
• 37% reduction



Effect of selexipag on the primary composite 
endpoint of morbidity/mortality when added to 
Dual therapy

• WHO 

FC II symptoms

64% reduction



Effect of selexipag on the primary composite 
endpoint of morbidity/mortality when added to 
Dual therapy

• WHO 

FC III symptoms
26% reduction



Primary composite endpoint of 
morbidity/mortality in GRIPHON 
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Griphon OL

• Open label extension study in 2021

• Data on long term safety, tolerability, and survival of PAH patients

• Longest follow up period of PAH patients to date 



Griphon OL



Griphon OL



Treatment follow-up (with comorbidities)

Figure 9, p.49

• Comorbid patients have no specific treatment 
recommendation at follow-up beyond decisioning 
on an individual basis in the figure

• Text outlines that for patients with 
cardiopulmonary comorbidities who present at 
intermediate or high risk of death while receiving 
monotherapy, additional PAH medication may 
be considered on an individual basis (Class IIb)



PHENOTYPING TYPE 2 OR TYPE 2. 





PHENOTYPING TYPE 3 OR TYPE 3. 
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Inhaled Treprostinil in Pulmonary 
Hypertension Due to Interstitial Lung 

Disease-2021

N Engl J Med
Volume 384(4):325-334

January 28, 2021

• Patients with pulmonary 
hypertension due to interstitial 
lung disease were randomly 
assigned to inhaled treprostinil or 
placebo.

• At 16 weeks, there was a 
significant improvement in 
exercise capacity with inhaled 
treprostinil as compared with 
placebo as assessed by a 6-
minute walk test.

Mean Change from Baseline in Peak 6-Minute Walk Distance through Week 16.

N Engl J Med
Volume 384(4):325-334

January 28, 2021



Nintedanib plus Sildenafil in Patients
 with Idiopathic Pulmonary Fibrosis

• In a trial, patients with moderate to 
severely advanced idiopathic pulmonary 
fibrosis were treated with nintedanib 
plus sildenafil or nintedanib alone, with 
the goal of decreasing IPF symptoms.

• There were no between-group 
differences in any of three symptom 
measures.

N Engl J Med
Volume 379(18):1722-1731

November 1, 2018

Change from Baseline in the SGRQ Total Score at Week 12 and Week 24.



New Kid in town ???



Three Classic Pathways of Targeted Therapy for PAH.

Hassoun PM. N Engl J Med 2021;385:2361-2376



Pathobiologic Features of Pulmonary Arterial Hypertension.

Hassoun PM. N Engl J Med 2021;385:2361-2376



Phase 3 Trial of Sotatercept for 
Treatment of Pulmonary Arterial 

Hypertension

N Engl J Med
Volume 388(16):1478-1490

April 20, 2023

Sotatercept is a first-in-class fusion protein 
consisting of the Fc domain of human IgG linked 
to the extracellular domain of human ActRIIA, 
which acts as a ligand trap for selected TGF-β
superfamily members. Inhibition of these 
ligands by sotatercept is proposed to rebalance 
pulmonary vascular homeostasis toward growth-
inhibiting

RCT 262- Subcutaneous q 3 weeks. Over 24 
weeks

In patients with pulmonary arterial hypertension 
who were receiving stable background therapy, 
sotatercept resulted in a greater improvement in 
exercise capacity (as assessed by the 6-minute 
walk test) than placebo.



Take home message

• It is now clear that PAH type 1 treatment start with dual therapy. 

• Long term data is now available and encouraging

• Escalate early based on a simplified risk assessment to triple therapy. 

• Monotherapy is now reserved for patients with PH with phenotypes 
from class 2 or 3 pulmonary hypertension

• A new class of medication is being investigated with short term 
encouraging results. 
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