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Despite the benefits of intravenous prostacyclin therapy, many patients 
with pulmonary arterial hypertension die without ever receiving this�
treatment.The burden and risks related to the administration of 
prostacyclin therapy are probably contributing factors. 
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Study Design 
The GRIPHON study was a multicenter, double blind, randomized, 
parallel-group, placebo-controlled, event-driven, phase 3 study. 
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The study population included patients 18 to 75 years of age who had 
idiopathic or heritable pulmonary arterial hypertension or pulmonary 
arterial hypertension associated with human immunodeficiency virus 
infection, drug use or toxin exposure, connective tissue disease, or 
repaired congenital systemic-to-pulmonary shunts. 
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3.2.2 Inclusion criteria 
Eligible patients must meet all of the following inclusion criteria: 
1. Signed informed consent prior to initiation of any study-mandated 

procedure. 
2. Male and female4,5 patients 18-75 years of age with symptomatic 

PAH. 
3. Patients with PAH belonging to one of the following subgroups of the 

Updated 
Clinical Classification Group 1 (Dana Point, 2008): 
� Idiopathic (IPAH)6, or 
� Heritable (HPAH)3, or 
� Drug or toxin induced, or 
� Associated (APAH) with one of the following: 
� Connective tissue disease 
� Congenital heart disease with simple systemic-to-pulmonary shunt 

at least1 year after surgical repair 
� HIV infection 
4. Documented hemodynamic diagnosis of PAH by right heart 

catheterization – 
performed at any time prior to Screening showing: 
� Resting mean pulmonary arterial pressure (mPAP) > 25 mmHg 
and 
� Resting pulmonary vascular resistance (PVR) > 400 dyn·s·cm-5 
and 
� Pulmonary capillary wedge pressure (PCWP) or left ventricular end 

diastolic pressure 
(LVDEP) ≤ 15 mmHg (if available). 
5. 6-minute walk distance between 50 and 450 m (inclusive) at 

Screening (within� 2 weeks prior to the Baseline 
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Visit and on a different day than this visit). This�
distance must be confirmed by a second 6MWT at the 
Baseline Visit. The value of � the second 6MWD 
should be within ± 10% of the first assessment at 
Screening. 

3.2.3 Exclusion criteria 
Patients will not be entered into the study if they meet any of the 

following criteria: 
1. Patients with pulmonary hypertension (PH) in the updated Dana 

Point Clinical Classification Groups 2–5, and PAH 
Group 1 subgroups that are not covered by the 
inclusion criteria. 

2. Patients who have received prostacyclin (epoprostenol) or 
prostacyclin analogs(i.e., treprostinil, iloprost, 
beraprost) within one month before Baseline Visit, or 
are scheduled to receive any of these compounds 
during the trial. 

3. Patients with moderate or severe obstructive lung disease: 
FEV1/FVC < 70% and FEV1 < 65% of predicted value 
after bronchodilator administration. 

4. Patients with moderate or severe restrictive lung disease: Total 
Lung Capacity < 70% of predicted value. 

5. Patients with moderate or severe hepatic impairment (Child-Pugh B 
and C). 

6. Patients with documented left ventricular dysfunction (e.g., ejection 
fraction < 45%) 

7. Patients with severe renal insufficiency (estimated creatinine 
clearance < 30 mL/min, or serum creatinine > 2.5 
mg/dL). 

8. Patients with BMI < 18.5 kg/m2. 
9. Patients who are receiving or have been receiving any 

investigational drugs within 1 month before the 
Baseline Visit. 

10. Acute or chronic impairment (other than dyspnea), limiting the 
ability to comply with study requirements, in 
particular with 6MWT (e.g., angina pectoris, 
claudication, musculoskeletal disorder, need for 
walking aids). 

11. Psychotic, addictive or other disorder limiting the ability to provide 
informed consent or to comply with study 
requirements. 

12. Life expectancy less than 12 months. 
13. Females who are lactating or pregnant (positive pre-randomization 

serum pregnancy test) or plan to become pregnant 
during the study. 

14. Known hypersensitivity to any of the excipients of the drug 
formulations. 

 
 
ÎǎȾË� 1 Wood = 1 mmHg/l/min = 79.98 dynesɅsecɅcm-5  
ȿǑÄǔĪǑȳǝíƢ/ǮŋòƆ�<ɀ 
(a) ǑÄǔí/�ŒȵăȩŔǑÄǔĖðí* 25mmHg��
ǑǝƸĽĻ
*Ȼ  Wood unit
240dyne|sec|cm-5��ȶ 
(b) ǑÄǔŪ¬íȵēĦĵíȶ0ųĕȵ15mmHg��ȶ 
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Trial Procedures 
Within 28 days after screening, patients were randomly assigned, in a 1:1 
ratio (with stratification according to study center), to receive placebo or 
selexipag. During the 12-week dose adjustment phase, selexipag was 
initiated at a dose of 200 µg twice daily and was increased weekly in 
twice-daily increments of 200 µg until unmanageable adverse effects 
associated with prostacyclin use, such as headache or jaw pain, 
developed (Fig. S1 in the Supplementary Appendix). The dose was then 
decreased by 200 µg in both daily doses, and this reduced dose was 
considered to be the maximum tolerated dose for that patient. The 
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maximum dose allowed was 1600 µg twice daily. After 12 weeks patients 
entered the maintenance phase of the study. Starting at week 26, doses 
could be increased at scheduled visits; dose reductions were  allowed at 
any time. The individualized maintenance dose was defined as the dose 
that a patient received for the longest duration. 
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endpoint
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Ơī/ȎǞĄǍȾ 
a decrease from baseline of at least15% in the 6-minute walk distance 
(confirmed� by means of a second test on a different day)accompanied 
by a worsening in WHO functional class (for the patients with WHO 
functional class II or III at baseline) or the need for additional 
treatment of pulmonary arterial hypertension (for the patients with 
WHO functional class III or IV at baseline). 
�ǥǰ ȬƨȾ 
a composite of death or a complication� related to pulmonary arterial 
hypertension, � whichever occurred first, up to the end of the�
treatment period. Complications related to pulmonary � arterial 
hypertension were disease progression� or worsening of pulmonary 
arterial� hypertension that resulted in hospitalization,� initiation of 
parenteral prostanoid therapy or� long-term oxygen therapy, or the 
need for lung� transplantation or balloon atrial septostomy as� judged 
by the physician. (Placement on a transplant� waiting list represented 
an acute measure,� as confirmed by the critical-event committee, 
and an actual lung transplantation would also� meet this criterion.) 
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½Űǰ ȬƨȾ 
the change in the 6-minute walk distance from baseline to week 
26 (measured at trough levels of the study drug),the absence of 
worsening of WHO functional� class from baseline to week 26, and 
death due to� pulmonary arterial hypertension or hospitalization 
for worsening of pulmonary arterial hypertension� up to the end of 
treatment period and� death from any cause up to the end of the study 
(both analyzed in a time-to-event analysis) 
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� Primary end point events 202	331 
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Statistical Analysis 
ƿ6¬?īǏŇ 670 
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An independent data and safety monitoring committee performed an 
interim analysis,which had been planned after 202 events � had 
occurred, with stopping rules for futility and efficacy that were based 
on Haybittle–Peto� boundaries. 
 
 

�Y �N �NA �ȠǨŤ�=Ⱦ 
P2526ē 
202Eiz\ƤƗġ 
ŜįżƆǢųȾ 
Haybittle–petoƀ 
 

11. gtEz].'�)/ǫȃ��>�ȵīǏ
�¬Ǐ
DF\Inǰ 
Ǐ
[}WǨŤǏȶ�gtEz]/ŌƀAÛ7� 
 

�Y �N �NA P2523� study design  
P2524 ē�� �  

XvgvgtEz] 
 
Protocolȵ3.6.2 Blindingȶ.ǳ
ƽ.ǫȃ�= 
 

12. �ǥ|½ŰƦDF\In/ǌȠŻȂ.Ƙ�<?$ǃǪĂƦķƀ/ǫȃ 
��>��Ȓ¶-Ōƀ�ȓļ�?)�>���  

 

�Y �N �NA EventƤƗ5*/ǰ ŌƀȾ 
Primary ,secondary endpoints
�!?9 
łĄŌƀȾKaplan–Meier 
method 
ũĄŌƀȾlog-rank test 
HR/łĄȾŻ�aQ}]p[v 
 
Primary endpoint: 
ĺ�ș¹/ǰ �= 
İęǱȲ�=ȵƿ6¬?�Ň.

öŘ�´>»/ 45events/ƿ6
ȅ6ȶ 
 
"/�ǰ Ⱦ 
26W 
Non-para ANCOVA  
|6MWD
NT-proBNP� level
/i}TtEz�</öÆ 
|WHOŮǓµȱ*ĬÆ�)�-
�īǏ¾× 
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ǺȚŃ�ª+ºćȡ¡/-�ƭƲǏ�ǱȲA[QEz�
[}WǨŤ

9ºćȡ¡/-�Ǐ�Ǟ��+�Ş5��� 
The collection,management, and analysis of the data were 
performed by the sponsor according to a prespecified statistical 
analysis plan (available with the protocol) that was reviewed by 
two independent academic statisticians. All drafts of the 
manuscript were written by the first author and the last two 
(senior) authors, as well as the three authors affiliated with the 
sponsor, and were reviewed and edited by all the authors. The 
steering committee members, all of whom are authors of this 
article, and the three authors affiliated with Actelion 
Pharmaceuticals were involved in the decision to submit the 
manuscript for publication. All the authors had access to the data 
and vouch for the accuracy and completeness of the analyses and 
for the fidelity of this report to the study protocol. 
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The Full Analysis Set (FAS) 
includes all randomized patients.  
The safety analysis set includes 
all randomized patients who 
received at least one dose of the 
study drug.  
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Our study has several limitations. First, the study included an 
optional post-treatment observation period after placebo or selexipag 
was discontinued. As a result, the follow-up of patients who 
discontinued placebo or selexipag was somewhat limited and 
potentially biased by the patients’ choice to provide consent. Second, 
18.9% of patients discontinued placebo or selexipag prematurely. 
This rate of premature discontinuation was anticipated, and the 
results of sensitivity analyses of the primary end point that were 
performed to account for this anticipated rate and the previous 
limitation of a limited and potentially biased follow-up were 
consistent with the findings of the primary analysis. Third, the 
primary end point was based on recommendations for primary end 
points in pivotal randomized, controlled trials in pulmonary arterial 
hypertension24 and included a number of subjective components. To 
address this potential limitation, the disease progression component 
was stringently defined, and all events were adjudicated by a 
three-person critical-event committee. Furthermore, as was the case 
in a previous event-driven study involving patients with pulmonary 
arterial hypertension,19 the results for the primary end point were 
consistent with the results for the secondary composite end point of 
death from pulmonary arterial hypertension or hospitalization due 
to pulmonary arterial hyper- tension. Therefore, future 
recommendations may evolve to reflect studies of heart failure25 
and consider this two-component end point as the primary outcome 
measure. 
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In conclusion, among patients with pulmo- nary arterial 
hypertension, the risk of the pri- mary composite end point of death 
or a compli- cation related to pulmonary arterial hypertension was 
significantly lower among patients who received selexipag than 
among those who received�  placebo. There was no significant 
difference in mortality between the two study groups. 
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