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2015 ESC/ERS guidelines treatment algorithm

Eur Heart J 2016  &  Eur Respir J 2015



Recommendations for initial combination therapy in NYHA 

functional class IV (high risk patients)



Combination Tx
bosentan+ Flolan
cohort n =  23)

Matched-cohort
on Flolan only

(n =  46)
p value

Age at treatment start, y 43 ± 15 43 ± 15 0.94

Baseline NYHA III : IV, n (70% : 30%) (74% : 26%) > 0.5

Baseline 6MWD, m 287 ± 133 250 ± 144 0.30

Baseline haemodynamics

RAP, mmHg 11 ± 7 12 ± 6 0.29

mPAP, mmHg 65 ± 13 68 ± 13 0.33

CI, L.min-1.m-2 1.8 ± 0.3 1.9 ± 0.5 0.28

PVR, d.s.cm-5 1493 ± 398 1515 ± 559 0.77

SvO2, % 55 ± 7 55 ± 10 0.85

Usefulness of first-line combination therapy with epoprostenol and 

bosentan in pulmonary arterial hypertension.                                    
K Kemp, L Savale, D O'Callaghan, X Jaïs, D Montani, M Humbert, G Simonneau, O Sitbon

Kemp K, et al. J Heart Lung Transpl 2012 



First-line combination therapy with epoprostenol

and bosentan in pulmonary arterial hypertension.

Baseline Baseline 4 months4 months

Epoprostenol

+ bosentan 

(n = 23)

Epoprostenol

monotherapy

(n = 46)

p = 0.0001

-48 ± 17% -29 ± 17%
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Kemp K, et al. J Heart Lung Transplant 2012; 31:150-8.



.

• Upfront triple combination therapy: 

i.v. epoprostenol + bosentan + sildenafil

• 19 incident patients with PAH 

(n = 10) idiopathic or heritable (n = 9) 

• Mean age 39 ± 14 years (18 – 63)

• NYHA FC III (n = 8) or IV (n = 11)

• Severe haemodynamics: 

CI <1.7 L/min/m2 and  PVR > 1700 dyn.s.cm-5

O Sitbon et alEur respir J 2014



Upfront triple combination therapy: 
Effect on FC and 6MWD
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Prospective, observational analysis of idiopathic or heritable PAH patients (n = 19) 

treated with upfront combination therapy (epoprostenol, bosentan and sildenafil)

#32 ± 19 months

*p < 0.01 versus baseline; ** p < 0.01 versus 4 months
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Sitbon O, et al. Eur Respir J. 2014;43:1691–7.



Upfront triple combination therapy: 

Effect on haemodynamics
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Sitbon O, et al. Eur Respir J. 2014;43:1691–7.
#32 ± 19 months *p < 0.01 versus baseline

Baseline Month 4 Final follow-up#

RAP (mmHg) 11.9 ± 5.2 4.9 ± 4.9* 5.2 ± 3.5*

mPAP (mmHg) 65.8 ± 13.7 45.7 ± 14.0* 44.4 ± 13.4*

CI (l/min/m2) 1.66 ± 0.35 3.49 ± 0.69* 3.64 ± 0.65*

PVR (d.s.cm-5) 1718 ± 627 564 ± 260* 492 ± 209*



Upfront triple combination therapy in severe PAH

19 Patients with a Median follow-up: 39months

 1 patients undergone urgent H-L transplantations.

Others are still receiving triple therapy

 All patients well and alive in NYHA FC I-II

6/18 patients with mPAP < 30 mmHg

Survival 1-year 2-year 3-year

Actual survival 100% 100% 100%

Transplant free survival 94% 94% 94%

Expected* survival [95% CI] 75%

[68%-82%]

60%

[50%-70%]

49%

[38%-60%]

*According to the French equation21. Sitbon O, et al. Eur Respir J 2014. 2.Humbert M, et al. Eur Respir J 2010.



- 8 patients died during the 12-Week study

- All in the conventional therapy group

-Comparison of baseline charecteristics

between survivors and those who died;

• Equal distribution in FC III and IV 

• No differences in Hemodynamics

• Significant difference for the 6MWD               

(mean 6MWD:195 m in 8 patients who died

mean 6WD :305 m in  73   survivors (P<0.003) 

Barst RJ, et al. N Engl J Med 1996



Placebo + Epoprostenol (n=10) Bosentan +Epoprostenol (n=19)
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2015 ESC/ERS guidelines treatment algorithm

.
Eur Heart J 2016  &  Eur Respir J 2015.



Proposal : High risk Patients

High risk patients

WHO FC IV

i.v. PCA 

monotherapy

initial combination     

including i.v. PCA



2015 ESC/ERS guidelines treatment algorithm

.

Eur Heart J 2016  &  Eur Respir J 2015.



2015 ESC/ERS guidelines treatment algorithm

.
Eur Heart J 2016.&  Eur Respir J 2015.



Recommandations for initial monotherapy

in low/intermediate risk patients (NYHA FC II &III)

 ERA dual (ETA & ETB)

 ERA selective (ETA)
 Prostanoids

 PDE-5 inhibitor

 sGC stimulators

Bosentan

(I A)

IV Epoprostenol

(I A)

Sildenafil

(I A)

Ambrisentan

(I A)

Inh Iloprost

(I B)

Tadalafil

(I B)

Macitentan

(I B)

SC treprostinil

(I B)

Riociguat

(I B)

Oral selexipag

(I B)



2015 ESC/ERS guidelines treatment algorithm



Recommendations for evaluation of the severity of PAH 

and clinical response to therapy



Background 
therapy

Added
therapy

Patients        
(n)

Primary   
endpoint

Primary-
EP met

PHIRST
Naïve or
bosentan

Tadalafil
405

(206) 
6MWD NO

PFIZER 
Study

Bosentan Sildenafil 103 6MWD NO

COMPASS-2 Sildenafil Bosentan 334
Morbi-

mortality
NO

PATENT Naïve or ERA Riociguat 443 6MWD Yes

SERAPHIN
Naïve or
sildenafil

Macitentan 742
Morbi-

mortality
Yes

Sequential combination therapy in PAH:               

RCTs with ERA and PDE-5 inh. or SGC



Sequential combination therapy in PAH:     

RCTs with Prostanoids and ERA or PDE-5 inh. 

Study
Background 

therapy
Drug added n

Primary 

endpoint

Primary       

EP met

STEP Bosentan Inh. iloprost 67 Δ6MWD NO

COMBI Bosentan Inh. iloprost 40 Δ6MWD NO

PACES i.v. epoprostenol Sildenafil 264 Δ6MWD YES

TRIUMPH
Bosentan or 

sildenafil

Inh. 

treprostinil
235 Δ6MWD YES

FREEDOM-C
Bosentan and/or

sildenafil

Oral 

trepostinil
354 Δ6MWD NO

FREEDOM-C2
Bosentan and/or 

sildenafil

Oral 

trepostinil
310 Δ6MWD NO

GRIPHON
None, PDE-5i 

and/or ERA
Selexipag 1156

Morbidity-

mortality
YES



Sequential combination therapy

Eur Heart J 2016  &  Eur Respir J 2015



2015 ESC/ERS guidelines treatment algorithm

.
Eur Heart J 2016. &  Eur Respir J 2015.



The AMBITION trial

• Event-driven study

• Initial combo AMB+TADA vs monotherapy AMB or TADA

• N=500 treatment-naïve patients with PAH 

Galiè N, et al. N Engl J Med 2015



Ambition: Initial combination is better than 

monotherapy
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• 2007 – 2013 

• 97 incident patients with PAH

– Mean age 54

– NYHA FC II-III (88%) & IV (12%)

• Initial dual oral combination therapy with ERA and PDE5i

– BOS-SIL (n=61)

– BOS-TAD (n=17)

– AMB-SIL (n=8)

– AMB-TAD (n=11)

• Median follow-up: 30 months [20 – 43]

Sitbon O, et al. Eur Respir J 2016



n=97 Baseline
Median 

4.1 months 
P-value#

NYHA FC (I : II : III : IV), n 0 : 15 : 70 : 12 4 : 57 : 31 : 5 <.001

6MWD, m 324 ± 132 395 ± 114 <.00001

BNP level, ng/L (n=42, median) 372 62 <.00001

Haemodynamics

RAP, mmHg 9.5 ± 5.7 6.7 ± 4.5 <.00001

mPAP, mmHg 53.9 ± 10.4 45.1 ± 10.9 <.00001

CI, L/min/m2 2.14 ± 0.51 3.13 ± 0.79 <.00001

PVR, dyn.s.cm-5 1021 ± 357 565 ± 252 <.00001

Mean BP, mmHg 97.5 ± 17.7 87.2 ± 12.6 <.00001

Initial dual oral combination therapy

Effect on exercise capacity and haemodynamics

Sitbon O, et al. Eur Respir J 2016



p = 0.74 p = 0.03

The strategy works with different combinations

Bos + PDE-5i

(n = 78)

Amb + PDE-5i

(n = 19)

Sil + ERA

(n = 69)

Tad + ERA

(n = 28)

Mean ± SD -44% ± 20% -42% ± 21% -41% ± 20% -49% ± 19%

95%CI [-48%; -39%] [-51%; -32%] [-45% ;-36%] [-56%; -42%]
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Sitbon O, et al. Eur Respir J 2016. 



Long-term outcome

At risk, n

Actual survival

[CI 95%]

Expected survival

[CI 95%]
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Humbert M, et al. Eur Respir J 201;Sitbon O, et al. Eur Respir J 2016. 



Summary ( 1 )

• To combine drugs targeting different pathophysiologic PAH 

pathways is an appealing strategy to improve outcome

• Effectiveness of  sequential combination therapy is now 

well established. However results differ according to the study 

design and the nature of the combination tested and the level 

of recommendation should be individualized

• Several recent RCTs have shown that the addition of a 

second drug is superior to monotherapy

• The Griphon study has demonstrated for the 1st time that the  

sequential combination of 3 drugs is superior to 2 drugs

•



Summary ( 2 )

• Regarding upfront combination therapy data are still scarce. 

However there is growing evidence that this strategy could be 

highly effective and safe

In moderate risk patients (FC II and stable FC III) initial dual 

combination therapy with ERA and PD-E inhibitors seems  

effective and safe. Ambition study has clearly demonstrated 

that initial combination therapy is superior to monotherpy

Today, there is  no direct comparison of efficacy and safety of 

initial combination therapy  vs optimized sequential  

combination therapy



Combination therapy In PAH:

What is the best strategy?

Combination therapy in PAH

Sequential (add-on) 

or

up-front (first line)?



Ambition Sudy : Drugs titration



Paris-Sud University : Goal orientated strategy for 

sequential combination therapy (intermediate risk)

Diagnosis & 
initiation of 
treatment

YES

NO

CONTINUE

ESCALATE
THERAPY   

(Add-on Tx)

Improvement to FC II

Improvement in 6MWD:         
(400 –500 m according to age, 
and etiology)

hemodynamicimprovement

Global re-evaluation 
at 3 months 







Grading system for Classes of Recommendation 

& Level of Evidence used in ESC/ERS Guidelines



This grading system presents some limitations for 

evaluation of drugs in rare diseases

In PAH, characteristics and designs of trials are 

non homogeneous

Primary end point : 6’ WD, 6’ WD+FC,     

morbidity mortality, treatment failure

Duration : from 12 weeks to 3 years

Sample size : from 32 to 1156 patients

 Difference with regard secondary end points results



Recommended primary endpoint in phase III PAH 

studies

It was recommended :

• A composite clinical outcome endpoint 

that includes mortality should be used as 

the primary endpoint in future   phase III 

trials in PAH

• A uniform definition of PAH worsening 

should be employed

• Events should be adjudicated by blinded 

independent committee



39

Interpretation of morbidity-mortality trials in PAH

TRIAL Inclusion

Period

Maximum

Follow-up

Seraphin (n=742) : Primary end-point met

Macitentan vs placebo 

64% pre- treated with PDE5-inh or 
Prostanoids

1.5 year 3 years

Griphon (n=1156) : Primary end-point met

Selexipag vs placebo

80% treated with PDE5-in and or ERA                                                                                             

3.5 years 3 years

Ambition (n=605) : Primary end-point met

Ambrisentan+Tadalafil vs monotherapy

3.8 years 3 years



Seraphin :Primary endpoint: morbidity and mortality
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Hazard ratio=0.55;p<0.0001

Risk reduction of primary EP

event vs placebo 45%

Macitentan 10 mg (n=242)

Placebo (n=250)

6

Pulido T, et al. N Engl J Med 2013



SERAPHIN :Different components of the morbidity-

mortality primary endpoint

Placebo

n = 250

Macitentan 10 mg

n = 242

Patients with an event n (%) 116 (46.4) 76 (31.4)

Type of the 1st event, n (%)

PAH worsening 93 (37.2) 59 (24.4)

Initiation of Prostanoids 6 (2.4) 1 (0.4)

Deaths All causes 17 (6.8) 16 (6.6)

Pulido T, et al. N Engl J Med 2013



Ambition: Primary endpoint: morbidity and mortality
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Galiè N, et al. N Engl J Med 2015.



Galie N et al New Engl J Med 2015

Ambition:Different components of the morbidity-

mortality primary endpoint



Griphon: Primary endpoint: morbidity and mortality

No. at Risk

Placebo 582 433 347 220 149 88 28
Selexipag 574 455 361 246 171 101 40
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HR = 0.60;     99% CI 0.46–0.78;    p < 0.0001
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O Sitbon et al N Engl J Med 2015



Griphon: Primary endpoint: morbidity and mortality

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)

O Sitbon et al N Engl J Med 2015



• PAH is a progressive disease and death is generally

preceded by a clinical deterioration

• Sudden death is rare, especially in Functional Class II

or III patients. It is more frequent in Class  IV unstable

patients, but this population is excluded from current RCTs

• In a patient with a  1st event of clinical deterioration then

receiving iv PGI and finally dying the 1st event taken in 

account for the primary endpoint in this patient is not         

« death » but « clinical deterioration «

Death as first event in morbidity-mortality trials



Mortality as first event

Mortality at the end of the treatment (EOT)
end of double-blind period (including deaths occuring

within 4 weeks after an adjudicated worsening event)

Mortality at the end of the study (EOS)
EOS when the pre-specified number of events of the

primary E-P is reached. Vital status should be analyzed in  

all patients at this time point. Nethertheless, the risk of death

is limited at the EOS,  because patients are allowed after

an adjudicated worsening event to receive other PAH drugs

(iv PGI2) and/or open label study drug.

47

Mortality: Other analysis



Seraphin deaths at the end of the study

Deaths at the end of the study

HR 0.77(97.5 CI, 0.46 to1.28) P 0.25 

Pulido T, et al. N Engl J Med 2013; Suppl
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Pulido T, et al. N Engl J Med 2013; Suppl

Seraphin deaths at the end of randomized

treatment



Ambition: deaths at the end of the study

29/302 (10%) 

41/303 (14%) 

M Hoeper et al Lancet Respir Med  2016 ( published online october 10th)



Ambition: deaths at the end of randomized treatment

3/302  (1%)

13/303(4%)

M Hoeper et al Lancet Respir Med  2016 ( published online october 10th)



582 546 491 356 273 168 70
574 543 473 350 257 161 64

No. at Risk
Placebo     582 546 491 356 273 168 70
Selexipag  574 543 473 350 257 161 64

At the end of the study

Death from all causes Death due to PAH

Placebo, n (%) Selexipag, n (%) 

105 (18.0) 100 (17.4)

Placebo, n (%) Selexipag, n (%) 

83 (14.2) 70 (12.2)
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