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68%85% 48% 68% 34%57% 

Eur Respir Rev 2012; 21:123,8-18 



PATHWAY TO IMPROVING LONG-TERM 

OUTCOMES IN PAH 



Scleroderma limited cutaneous 

 

Emphysema 

 

Arterial Hypertension 

 

ΒΜΙ 28 Kg/m2 

Dyspnea 

Methotrexate 

Antihypertensive treatment 

O2 

Echocardiogram 2 years ago, PASP 40 mmHg  



 

pO2 (room air) 61 mmHg,  

PaCO2 36 mmHg 

P(A-a)O2 25 

FiO2 0,21 

    

 

FVC        80% 

FEV1       48% 

FEV1/FVC   59.5% 

 

TLC      138,2% (9,23L) 

DLCO:  43% 

 
HIGH PROBABILITY OF PE 

IN LEFT UPER LOBE AND RIGHT APEX 









RA (mmHg)      13 

PA  (mmHg)     104/55/73 

PAP (mmHg)    18 

 

Oxymetry 

PA (O2%)    71.4 

LV (O2)      96% 

 

CI (l/min/m2)   1,7 

PVR (WU)          22 

WHO  III 

NT-pro BNP 1400 pg/ml 

6MWT  320 m   





PATHWAY TO IMPROVING  

LONG-TERM OUTCOMES IN PAH 

In CTD patients 





Without clinical signs or symptoms 

Annual screening 

Assessment for telangiectasia,  anticentromere antibodies, PFT, DLCO 

ECG, biomarkers (uric acid, NT-proBNP) 

Echocardiography (TR jet and RA area) and RHC 

1st 

STEP 

2nd  

STEP 

IF ABNORMAL FINDINGS 

WITH SIGNS AND SYMPTOMS RHC 

WITH DLCO <60% AND DISEASE DURATION>3YEARS 

Ann Rheum Dis 2014; 73: 1340-1349 



J Gerry Coghlan et al. Ann Rheum Dis 2014;73:1340-1349 



J Gerry Coghlan et al. Ann Rheum Dis 2014;73:1340-1349 



ESC/ERS GUIDELINES, 2015 
In patients with SSc spectrum of diseases (defined as patients with 

systemic sclerosis, mixed connective tissue disease, or other CTDs 

with prominent 

scleroderma features such as sclerodactyly, nail fold capillary 

abnormalities, SSc-specific autoantibodies).  

No such guidelines exist for other CTDs. 





PATHWAY TO IMPROVING  

LONG-TERM OUTCOMES IN PAH 

PAH 



Idiopathic 

Heritable  1. BMPR2,  

                2. ALK1, ENG, SMAD9, CAV1, KCNK3  

                3.Unknown 

Drug and toxin induced 

 

Associated with    CONNECTIVE TISSUE DISORDER 

                                 CHD 

                                 HIV 

                                 Portal Hypertension 

                                 Schistosomiasis 



PH classification 

RA (mmHg)      13 

PA  (mmHg)     104/55/73 

PAP (mmHg)    18 

 

Oxymetry 

PA (O2%)    71.4 

LV (O2)      96% 

 

CI (l/min/m2)   1,7 

PVR (WU)          22 
1. PAH 

 

2. PH due to Left Heart Disease 

 

3. PH due to Lung Diseases 

 

4. Chronic Thromboembolic Pulmonary Hypertension 

 

5. PH due to unclear or multifactorial mechanisms 



SYMPTOMS, SIGNS, HISTORY suggestive of PH 

ECHOCARDIOGRAM     COMPATIBLE WITH PH 

LEFT HEART   OR  

 

LUNG DISEASE  ? 

IF SIGNS OF SEVERE PH DISEASE 

 EXPERT CENTER 

UNDERLYING DISEASE 

V/Q SCINTIGRAPHY CTEPH  EXPERT CENTER 

PAH  LIKELY 
CTD 

PORTOPULMONARY 

SCHISTOSOMIASIS 

PVOD, PCH 

HIV 

DRUGS, TOXINS 

          DIAGNOSTIC APPROACH TO PH 

RHC  +/- ANGIO 

JACC 2013; 62: D42-50 

2 

4 

3 

1 





Myocardial fibrosis is thought to occur 

after repeated focal  ischaemia 



PA  (mmHg)  

                   

104/55/73 

 

PAP (mmHg)    18 

 

DPG: 37 mmHg 



LUNG 

RHC: PAPmean>25mmHg, PVR>3WU 



Idiopathic 

Heritable  1. BMPR2,  

                2. ALK1, ENG, SMAD9, CAV1, KCNK3  

                3.Unknown 

Drug and toxin induced 

Associated with    CONNECTIVE TISSUE DISORDER 

                                 CHD 

                                 HIV 

                                 Portal Hypertension 

                                 Schistosomiasis 

RA (mmHg)      13 

PA  (mmHg)     104/55/73 

PAP (mmHg)    18 

 

Oxymetry 

PA (O2%)    71.4 

LV (O2)      96% 

 

CI (l/min/m2)   1,7 

PVR (WU)          22 



a) Single lesion in the systemic sclerosis-associated pulmonary arterial hypertension (PAH) group 

mostly resembling a plexiform lesion : localisation adjacent to a bronchiolus (arrow); intimal fibrosis with 

recanalisation (black arrowheads)... 

Eur Respir J 2009;34:371-379 

PAH in limited cutaneous systemic sclerosis:  
a distinctive vasculopathy 

PAH was almost equal (19% v 17%) in dSc and LSc 

                                                           EULAR Scl trials and EUSTAR group. 

Early-onset PAH is as frequent among patients with  

           diffuse SSc as those with limited SSc 



A pulmonary arteriole from a patient with systemic sclerosis-associated 

pulmonary artery hypertension showing significant medial hypertrophy   

Is PAH really a late complication of systemic sclerosis? 

Chest 2009 Nov;136(5):1211-9 

Hyperinflammation, dysregulated humoral 

autoimmunity, and platelet overactivation are common 

to both and in each case mediate endothelial 

dysfunction, fibrillar collagen deposition, and intimal 

thickening of pulmonary arterioles.                                
                                                             Circulation. 2016;133:2345-2347 



CTD-associated ILD, with a focus on systemic sclerosis (SSc),  

                                                  rheumatoid arthritis (RA), and                      

                                                  idiopathic inflammatory myopathy (IIM) 



In the Scleroderma Lung Study, there were no significant differences 

in the frequency of alveolitis on HRCT scan between lcSSc and dcSSc, 

suggesting that all patients with SSc are at risk for ILD 

More pulmonary fibrosis was seen in the dcSSc group (53% v 30%) 

                                               EULAR Scl trials and EUSTAR group 





Sensitivity > 96%  (CTPA: sensitivity 51%) 
less radiation exposure, no complications 

related to i.v. contrast, cost benefit, less likelihood for 

detection of incidental findings, less training J Nucl Med 2007; 48:680–684 

    J Am Coll Cardiol 2013; 62:D92-9 

V/Q SCAN FOR SCREENING  (INITIAL STEP) 





OUR PATIENT :   GROUP  1, 2, 3 



PATHWAY TO IMPROVING  

LONG-TERM OUTCOMES IN PAH 

SPECIFIC  

   PAH  

DRUGS? 



GROUP 2 PH 

GROUP 3 PH 





EVIDENCED BASED TREATMENT ALGORITHM 



2015  ESC  GUIDELINES 



EVIDENCED BASED TREATMENT ALGORITHM 



PATHWAY TO IMPROVING  

LONG-TERM OUTCOMES IN PAH 

WHICH STRATEGY 

SEVERE HAEMODYNAMIC IMPAIRMENT 

SCLERODERMA DISEASE 
INITIAL COMBINATION THERAPY 



6.   Eur Respir J 2012; 40: 604-11 

19. Eur Respir J 2010; 35: 1079-87 

27. Circulation 2010; 122: 164-72 

34. Eur Respir J 2012; 40:596-603 

37. Chest 2011; 140:301-9 

40. Chest 2012; 141:354-62 

JACC 2013; 62:25 



                       11/2015           03/2016          11/2016 

RA (mmHg)            13                 9                     8   

PA  (mmHg)     104/55/73        87/19/58        84/16/53 

PAP (mmHg)          18                  13                    12 

 

Oxymetry 

PA (O2%)             71.4                  71.3             74.1 

LV (O2 %)              96                   94                  95 

 

CI (l/min)            1,7                  2.1                2.6 

PVR (WU)             22                  15.1              10.5 



11/2016: WHO II, 6MWT: 410m,    NT-proBNP  280 pg/ml 



2015  ESC  GUIDELINES 



2015  ESC/ERS GUIDELINES   

INITIAL COMBINATION THERAPY  



PRIMARY ENDPOINT:  

TIME TO CLINICAL FAILURE 

N Engl J Med. 2015;373:834-844. 



Baseline Characteristics 

Characteristic Combination 

Therapy 

(n=253) 

Pooled 

Monotherapy 
(n=247)  

 

Ambrisentan 

monotherapy  

(n=126) 

Tadalafil 

Monotherapy 

(n=121) 

Baseline Who Functional Class 

II 76 (30%) 79 (32%) 38 (30%) 41 (34%) 

III 177 (70%) 168 (68%) 88 (70%) 80 (66%) 

Baseline 6MWD (m) ± SD 353.5 (87.9) 351.7 (91.8) 354.2 (92.3) 349.2 (91.6) 

Hemodynamic variables 

RAP, mm Hg, mean ± SD 7.7 ± 4.5 7.9 ± 4.7 7.4 ± 4.6 8.4 ± 4.8 

PAP, mm Hg, mean ± SD 48.1 ± 12.4 49.3 ± 12.6 50.4 ± 12.5 48.1 ± 12.6 

PCWP, mm Hg, mean ± SD 8.4 ± 3.1 8.9 ± 3.4 8.6 ± 3.3 9.3 ± 3.5 

CI, L/min/m2, mean ± SD 2.41 ± 0.64 2.43 ± 0.71 2.41 ± 0.66 2.45 ± 0.77 

PVR, dyne.sec/cm5, mean ± SD 824.1 ± 467.0 825.7 ± 402.1 852.4 ± 394.7 798.0 ± 409.4 

Time on study medication to FAV, 550.0 ± 340.8 NA 466.5 ± 341.4 501.2 ± 328.7 

days, mean ± SD 

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



AMBITION TRIAL 

PRIMARY ENDPOINT BY CLINICAL FAILURE EVENT 

N Engl J Med. 2015;373:834-844 



REVEAL REGISTRY 

 

HOSPITALISATION WORSENS LONG-TERM OUTCOMES 

25.4% ± 3.2% remained hospitalization-free for 3 years   

Survival estimates at 3 years post-discharge were 56.8% ± 3.5% and 67.8% ± 3.6% (P = 

.037) for patients with PAH-related and PAH-unrelated hospitalization, respectively. 

Chest 2014 Nov;146(5):1263-73 



Vertical bars represent 95% CIs. Graph is a mixed models repeated measures (MMRM) analysis adjusted for baseline 

aetiology of PAH (IPAH/HPAH vs non-IPAH), WHO FC (II vs III) and baseline, with no imputation for missing data. 

NT-proBNP: change from baseline to week 24 and 
treatment differences 

Ratio of NT-proBNP (pg/ml) to 

BASELINE 

Treatment ratios to 

COMBO 

Week 24 

Combo vs pooled mono p<0.0001 

Combo vs ambrisentan mono 

p=0.0070 

Combo vs tadalafil mono p<0.0001 

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



NT-proBNP 



AMBITION 

SELECTED  BASELINE CHARACTERISTICS 



Coghlan et al. Ann Rheum Dis 2015;74:Suppl 2.173 

 

57% Risk 

Reduction 





E
v
e
n
t-

F
re

e
 (

%
) 

Time (weeks) 

Combination therapy 

Pooled monotherapy 

Number at risk: 

Combination 302 257 218 178 137 94 59 23 

Pooled Mono 303 245 185 136 109 75 44 14 

At EORT+7, 3 (1%) of combo patients had died compared 

with 13 (4%) of mono patients  

(HR 0.21; 95% CI 0.06 – 0.73; p=0.0065)1 

1.Hoeper et al. Lancet Respir Med 2016;4:894–901 

 

 

79% 
mortality 

risk 

reduction 

It would be a signal for reduction in mortality 

considering that all patients were treatment naive 

at trial commencement.  

                    A pretty strong signal.  



“Patients on monotherapy who have treatment 

failure can be rescued by addition of further 

drugs?” 

1.Hoeper et al. Lancet Respir Med 2016;4:894–901 

 

 

“A radically different therapeutic approach 

(upfront combination therapy) might improve 

the only meaningful endpoint (death) in this 

disease” 

“AMBITION used ambrisentan and tadalafil.  

It is not known if these findings can be 

extrapolated to other combinations” 

People are dying οn monotherapies before 

physicians have the opportunity to step-up 

treatments? 



 “Mortality at 7 days after the end of assigned treatment 

was reduced by active therapy compared with placebo, 

but the difference was not significant  

    (HR 0.64, p=0.20)”  

 “Similar results were obtained with the end-of-study 

analysis (HR 0.77, p=0.25)” 

T Pulido, et al. N Engl J Med 2013;369:809–818 

 



Cumulative RR estimate of death in active treatment groups when compared with control groups 

(RR [95% CI]).  

Eur Heart J 2009;30:394-403 

In various meta-analyses of subsequent trials (12–16 weeks in 

duration), survival was not shown convincingly to be improved 

with monotherapy  or combined therapy 



2015  ESC/ERS GUIDELINES   

INITIAL COMBINATION THERAPY  

It strongly raises the possibility that a radically different therapeutic 

approach might improve the only meaningful endpoint (ie, death) in this 

disease. 

IN TREATMENT NAÏVE PATIENTS, THE MOST APPROPRIATE 

APPROACH. 



This is a fundamental approach and probably a shift from a goal-

oriented treatment strategy to an outcome-oriented treatment 

strategy 

TREATMENT GOALS 

IMPROVE LONG TERM OUTCOME 





ADVERSE EVENTS 

N Engl J Med. 2015;373:834-844 



Pharmaco-Economics (2016) 34:509–520 

Specific PAH oral 

drugs  

 

PRICES Euro/month 

 

Revatio         450,19 

Adcirca         544,30 

Riociguat    2600 

Klimurtan   1350,60 

Tracleer      2043,21 

Volibris       2115,94 

Opsumit     2762,18 

 
Greece, November 2016 

RIOCIGUAT 
BOSENTAN 

AMBRISENTAN 

TADALAFIL 

SILDENAFIL 



Initial Combination Therapy 

                      We cannot cure PAH in most cases today,  

 but at least we can control the disease so it is no longer progressive 



THANK  YOU 

 





SERAPHIN  TRIAL      &    GRIPHON  TRIAL 







Selexipag  

Prolongs the Time to Morbidity/Mortality Events in Key Subgroup 

Populations:  

Results from GRIPHON, a Randomized Controlled Study in PAH 

The patients with SSc-PAH had a 54.8% risk reduction in the 

primary end point, a treatment effect that exceeded the 41% 

risk 

reduction in the entire study population 

Could it be that the 

6-minute-walk test has limitations as a primary end point in 

patients with SSc-PAH?  

 

Could it be that PAH-specific therapies really do 

benefit patients with SSc-PAH if studied in adequate 

numbers with 

“hard” and clinically relevant end points? 





SLE- or MCTD-associated PAH 

Conventional therapy 

WHO II OR III with C.I.>3.1 l/min/m2 WHO III WITH C.I.<3.1  or WHO IV 

Immunosuppresive therapy alone 
Pulmonary vasodilators +/- 

Immunosuppresive therapy ? 

Evaluation 4-6months after 

response 

       Start maintenance regimen 

Azathioprine, mycophenolate, mofetil 

No response 

Stop immunosuppressive 

Pulmonary vasodilators 

Arthritis & Rheumatism 2008; 58: 521-531 

Patients who could benefit from this immunosuppressive therapy     

      could be those who have less severe disease at baseline 



Combined therapy did not decrease the composite 

endpoint of    

            mortality, hospital admission for worsening PAH, 

               lung transplantation, or escalation of therapy. 

Six randomized controlled trials including 729 patients met inclusion criteria 

Compared to MT, CT resulted in a modest increase in 6-minute walk 

distance at the end of follow-up (weighted mean difference 25.2 m, 95% 

confidence interval [CI] 13.3 to 37.2). CT did not decrease mortality (risk 

ratio [RR] 0.42, 95% CI 0.08 to 2.25), admissions for worsening PAH (RR 

0.72, 95% CI 0.36 to 1.44), or escalation of therapy (RR 0.36, 95% CI 0.09 

to 1.39) and did not improve New York Heart Association functional class 

(RR 1.32, 95% CI 0.38 to 4.5) compared to MT 

Am J Cardiol. 2011 Oct 15;108(8):1177-82 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Am+J+Cardiol+2011;+108:+1177%E2%80%9382.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Am+J+Cardiol+2011;+108:+1177%E2%80%9382.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Am+J+Cardiol+2011;+108:+1177%E2%80%9382.


Improvement in functional status and a reduction 

in risk of clinical worsening with combination 

therapy, but the 

reduction in mortality was non-significant 

Lancet Respir Med  2016 Apr;4(4):291-305 



















 

Post-hoc analysis: 

All deaths up to 

EOR (+7 days) 

 

Pre-specified 

analysis: all  

deaths to end 

of study 

Patient 

randomised 

to 

treatment 

End of 

Study Patient 

experiences 

1st event 

Death 

included in 

analysis 

Patient 

switches to 

BCT or 

other Tx 

No event – Patient remains on randomised treatment 

Death at any point included 

Patient 

randomised 

to 

treatment 

End of 

Study 
Patient 

experiences 

1st event 

Death 

included in 

analysis 

Patient 

switches to 

BCT or 

other 

treatment 

No event – Patient remains on randomised treatment 

Death up 

to 7 days 

after 

switch 

included 

in analysis 

BCT = blinded combination therapy 1.Hoeper et al. Lancet Respir Med 2016;4:894–901 

including those who discontinued medication but remained in the study 



 

We analysed survival data from the modified intention-to-

treat population of the Ambrisentan and Tadalafil in Patients 

with Pulmonary Arterial Hypertension (AMBITION) trial.  

The study population consisted of 605 patients 

with pulmonary arterial hypertension who were randomly assigned and 

received combination therapy (n=302) or monotherapy (n=303; 152 

patients assigned to ambrisentan monotherapy and 151 patients to 

tadalafil monotherapy). At the end of the study, 29 (10%) of 302 patients in 

the combination therapy group had died compared with 41 (14%) of 303 

patients in the monotherapy group (hazard ratio 0·67, 95% CI 0·42-1·08; 

stratified log-rank p=0·10). At 7 days after the end of randomised 

treatment, fewer patients had died in the combination therapy group (3 

[1%] of 302 patients) compared with the monotherapy group (13 [4%] of 

303 patients; hazard ratio 0·21, 95% CI 0·06-0·73). 

Lancet Respir Med. 2016 Nov;4(11):894-901.  

Initial combination therapy with ambrisentan and tadalafil and 

mortality in patients with pulmonaryarterial hypertension: a secondary 

analysis of the results from the randomised, 

controlled AMBITIONstudy. 

https://www.ncbi.nlm.nih.gov/pubmed/27745818
https://www.ncbi.nlm.nih.gov/pubmed/27745818
https://www.ncbi.nlm.nih.gov/pubmed/27745818
https://www.ncbi.nlm.nih.gov/pubmed/27745818


NT-proBNP 
< or ≥ median 

NT-proBNP 
< 870 ng/l  

(median) 

Haemodynamics  

PVR, mPAP, CI, RAP 

< or ≥ median 

Haemodynamics  

CI < 2.37 L/min/m2 

(median) 

6MWD 
< or ≥ median 

Population 

PAS or Ex-PAS 

The following baseline factors were found to be predictive of better 

survival1 

6MWD 
≥ 357m  

(median) 

Population 

PAS 

1.Hoeper et al. Lancet Respir Med 2016;4:894–901 

 

 





The AMBITION and GRIPHON subgroup analyses 

demonstrate a treatment benefit in patients with 

CTD-PAH 

Whether up-front combination therapy is superior to goal-directed 

sequential therapy in all patient populations remains a topic of debate.  

 

However, given the poor prognosis of CTD-PAH, up-front combination 

therapy is a 

reasonable approach, particularly in symptomatic patients with similar 

clinical characteristics to those in the study of Hassoun and colleagues 

(New York Heart Association functional class II [35%] and III [65%], 

with a mean pulmonary artery pressure of 42 mm Hg).  

 

However, it is unclear whether patients with mild PAH (mean pulmonary 

artery 

pressure, 25–30 mm Hg), especially functional class II, which is more 

typical of those identified via aggressive screening programs, should 

also be treated with up-front combination therapy. Further trials are 

needed in this patient population to advocate up-front combination 

therapies. Until then, the rheumatology, cardiology, and pulmonary 

communities should work together to be proactive in screening, early 

detection, and treatment of PAH in patients with CTDs, especially 

those with SSc-PAH. 

















At baseline, 16 subjects (10%) of the Pre-PAH group had symptoms, an elevated RVSP 

(mean +/− SD 38 +/− 10, range 19–62), or PFT abnormalities that led individual 

investigators to do a RHC that revealed a normal mPAP. Four of these had an estimated 

RVSP on echocardiogram > 40mm Hg, the mean +/− SD DLCO% predicted in this group 

was markedly reduced (38% +/− 16) and the mean PCWP was 8 mm Hg. Ten RHC-negative 

subjects had undergone a thoracic HRCT that revealed no (n=5), mild (n=3), moderate 

(n=1), or severe (n=1) fibrosis. 

We defined 

a classification listing of “Pre-PAH” based on the presence of any one of these three 

criteria on study entry: 

 

1. Diffusing capacity for carbon monoxide (DLCO) < 55% predicted without severe 

ILD (as defined by forced vital capacity (FVC) < 65% predicted and/or a thoracic 

high resolution computed tomography (HRCT) scan that showed moderate to 

severe ILD according to the local radiologist)(7) or 

2. FVC %predicted / DLCO %predicted ratio ≥1.6 or 

3. Estimated right ventricular systolic pressure (RVSP) > 35 mmHg on Doppler 

echocardiography. 



We found that one-third (22/71) of subjects 

thought to be at high-risk for PAH according to our three criteria 

were found to have PVH or 

PH-ILD. Thus, it is imperative that clinicians treating patients 

with SSc realize that a right 

heart catheterization is necessary to accurately establish the 

diagnosis of PAH 

Only 14% of those with PH had a DLCO that 

was > 55% predicted. Interestingly, the mean DLCO was lowest in Groups 2 and 3 showing 

that a low DLCO itself does not necessarily predict PAH compared to PVH and PH-ILD. 

However, the mean FVC% predicted was significantly lower in the non-PAH groups, and 

importantly the mean FVC%/DLCO% ratio was highest in those with PAH. Eighty-two 

percent of those with PAH, 70% with PVH and only 25% with PH-ILD had a FVC/DLCO 

ratio >1.6. Thus, the high ratio may be a useful parameter to use as part of the determination 

of whether an SSc-PH patient has PAH compared to other causes of PH. 





DECREASED NO production in PAH and SSc 

 

DECREASED eNOS expression in IPAH lung 

 

DECREASED eNOS expression in SSc dermal microvasculature 

 

Vasc Med 2000; 5:147-158 

N Engl J Med 1995; 333:214-221 

ROLE OF ENDOTHELIN 

ET-1 increased in SSc serum 



EPOPROSTENOL FOR DIGITAL ISCHEMIA 



Prevalence abnormal physiology     45-100% 

Restrictive ventilator pattern  25-41% 

Isolated reduction in DLCO  18-47% 

      early sign of SSc – ILD 

      also suggestive of PAH 

Exercise desaturation: earliest abnormality 

 



Eur Heart J 2006; 27: 1485-1494 



Arthritis Rheum 2003; 43:516-522 

Courtesy of James Seibdd 



DD  PAH – GROUP 3 













CPFE  +                     + mPAP  > 25 mmHg   

COPD + FEV1 < 60%   + mPAP  > 25mmHg 

IPF     + FVC  < 70%   + mPAP  > 25mmHg 

PH 

GROUP 3 

RHC is indicated :Clinical worsening and progressive exercise limitation 

disproportionate to ventilator impairment 

(alternative diagnosis-PAH,CTEPH,LV dysfunction) 



ESC GUIDELINES  

                2015 

 PULMONARY  HYPERTENSION 
 

  Haemodynamic &  Pathophysiologic Condition 

   

                  mPAP    ≥ 25 mmHg 

 





ESC Guidelines 2015 



*Worst case imputation (0) was used for missing data following death or adjudicated hospitalisation; otherwise, LOCF 

imputation was used.  Baseline data have not been used for imputation.  p value from CMH tests stratified by baseline 

aetiology of PAH (IPAH/HPAH vs non-IPAH) and WHO FC (II vs III). 

WHO FC change at week 24  

Combin

ation 

thera

py 

(n=25

3) 

Pooled 

monotherap

y (n=247) 

Ambrisenta

n 

monotherap

y (n=126) 

Tadalafil 

monotherap

y (n=121) 

Baseline WHO FC,  observed, 

n 

253 247 126 121 

II 76 (30%) 79 (32%) 38 (30%) 41 (34%) 

III 177 (70%) 168 (68%) 88 (70%) 80 (66%) 

Week 24 WHO FC, observed, n 233 220 109 111 

Improved 89 (38%) 80 (36%) 41 (38%) 39 (35%) 

No change 138 (59%) 133 ( 60%) 63 (58%) 70 (63%) 

Deteriorated 6 (3%) 7 (3%) 5 (5%) 2 (2%) 

Week 24 WHO FC, imputed*, n 252 244 124 120 

Improved 94 (37%) 81 (33%) 42 (34%) 39 (33%) 

No change 146  (58%) 147 (60%) 73 (59%) 74 (62%) 

Deteriorated 12  (5%) 16 (7%) 9 (7%) 7 (6%) 

p value 0.2375 0.3011 0.3641 

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

It is possible that the FC assessment is 

not sensitive enough to pick up 

differences in improvements in FC 

between two active treatment groups 



SECONDARY ENDPOINTS: 

SELECTED RESULTS AT WEEK 24 

N Engl J Med. 2015;373:834-844 



Syncope 13 (5%) 7 (6%) 10 (8%) 
 
Only adverse events on randomised treatment, with onset between first dose of study drug and last dose+30 

days are shown 

AE Term 

n, (%) 

COMB AMB Mono 

(n=253)  (n=126) 

247 (98%) 120 (95%) 

115 (45%) 41 (33%) 

107 (42%) 41 (33%) 

54 (21%) 19 (15%) 

50 (20%) 29 (23%) 

50 (20%) 24 (19%) 

44 (17%) 22 (17%) 

43 (17%) 18 (14%) 

40 (16%) 14 (11%) 

38 (15%) 18 (14%) 

37 (15%) 8 (6%) 

37 (15%) 26  (21%) 

37 (15%) 14 (11%) 

TAD Mono 

(n=121) 

Any AE 114 (94%) 

Oedema peripheral 34 (28%) 

Headache 42 (35%) 

Nasal congestion 15 (12%) 

Diarrhoea 23 (19%) 

Dizziness 14 (12%) 

Dyspnoea 20 (17%) 

Nausea 20 (17%) 

Cough 21 (17%) 

Flushing 11 (9%) 

Anemia 14 (12%) 

Nasopharyngitis 18 (15%) 

Pain in extremity 18 (15%) 



Only adverse events on randomised treatment, with onset between first dose of study drug and last dose+30 

days are shown 

AE leading to discontinuation 

n, (%) 

Combinatio 

n 

AMB Mono TAD Mono 

(n=253) (n=126) (n=121) 

Any event 31 (12%) 14 (11%) 14 (12%) 

Dyspnoea 5 (2%) 0 1 (<1%) 

Oedema, peripheral 4 (2%) 3 (2%) 1 (<1%) 

Headache 4 (2%) 0 1 (<1%) 

Pulmonary Hypertension 1 (<1%) 2 (2%) 1 (<1%) 

Anaemia 1  (<1%) 2  (2%) 0 

Myalgia 0 0 3 (2%) 

Cardiac Failure 0 2 (2%) 0 



Liver Events – AST/ALT >3xULN 

On Randomized Treatment 

Combination 

Therapy 
N = 253 

Ambrisentan 

Monotherapy 

N = 126 

Tadalafil 
Monotherapy 

N = 121 

Subjects with ALT/AST 
>3xULN 

5 (2%) 0 2 (2%) 

Data on file 



Group Events 

Patients with events/ total 

patients (%) 

Hazard Ratio 

(95% CI) 

EoT+7 Combination therapy 3/302 (<1) 

Pooled monotherapy 13/303 (4) 0.21 (0.06, 0.73) 

AMB monotherapy 3/152 (2) 0.46 (0.09, 2.26) 

TAD monotherapy 10/151 (7) 0.13 (0.04, 0.49) 

Final EoS Combination therapy 29/302 (10) 

Pooled monotherapy 41/303 (14) 0.67 (0.42, 1.08) 

AMB monotherapy 19/152 (13) 0.74 (0.41, 1.32) 

TAD monotherapy 22/151 (15) 0.60 (0.35, 1.05) 

Favours combination Favours monotherapy 

Hoeper et al. Lancet Respir Med 2016;4:894–901 



AMBITION:  

TITRATING THE DOSES OF COMBINATION THERAPY 

253 

126 

121 

517days609 days 



E
v
e
n
t-

F
re

e
 (

%
) 

Time (weeks) 

Combination therapy 

Pooled monotherapy 

Number at risk: 

Combination 302 287 256 218 179 125 81 33 

Pooled Mono 303 275 243 200 162 117 80 30 

At EOS, 29/302 (10%) of combo patients had died 

compared with 41/303 (14%) of mono patients  

(HR 0.67; 95% CI 0.42 – 1.08; p=0.10)1 

1.Hoeper et al. Lancet Respir Med 2016;4:894–901 

 

 

33% 
mortality 

risk 

reduction 

"long-term survival might have been 

affected by treatment modifications 

during the course of the study as patients 

who had an investigator-reported clinical 

failure event were allowed to receive 

additional treatments.“ 


