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A BS TR AC T

BACKGROUND

Current therapies for pulmonary arterial hypertension have been adopted on the 
basis of short-term trials with exercise capacity as the primary end point. We as-
sessed the efficacy of macitentan, a new dual endothelin-receptor antagonist, using 
a primary end point of morbidity and mortality in a long-term trial.

METHODS

We randomly assigned patients with symptomatic pulmonary arterial hypertension 
to receive placebo once daily, macitentan at a once-daily dose of 3 mg, or maciten-
tan at a once-daily dose of 10 mg. Stable use of oral or inhaled therapy for pulmo-
nary arterial hypertension, other than endothelin-receptor antagonists, was al-
lowed at study entry. The primary end point was the time from the initiation of 
treatment to the first occurrence of a composite end point of death, atrial septos-
tomy, lung transplantation, initiation of treatment with intravenous or subcutane-
ous prostanoids, or worsening of pulmonary arterial hypertension.

RESULTS

A total of 250 patients were randomly assigned to placebo, 250 to the 3-mg maci-
tentan dose, and 242 to the 10-mg macitentan dose. The primary end point oc-
curred in 46.4%, 38.0%, and 31.4% of the patients in these groups, respectively. The 
hazard ratio for the 3-mg macitentan dose as compared with placebo was 0.70 
(97.5% confidence interval [CI], 0.52 to 0.96; P = 0.01), and the hazard ratio for the 
10-mg macitentan dose as compared with placebo was 0.55 (97.5% CI, 0.39 to 0.76; 
P<0.001). Worsening of pulmonary arterial hypertension was the most frequent 
primary end-point event. The effect of macitentan on this end point was observed 
regardless of whether the patient was receiving therapy for pulmonary arterial hyper-
tension at baseline. Adverse events more frequently associated with macitentan than 
with placebo were headache, nasopharyngitis, and anemia.

CONCLUSIONS

Macitentan significantly reduced morbidity and mortality among patients with pul-
monary arterial hypertension in this event-driven study. (Funded by Actelion Phar-
maceuticals; SERAPHIN ClinicalTrials.gov number, NCT00660179.)
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Pulmonary arterial hypertension, a 
severe disease characterized by a sustained 
elevation of pulmonary vascular resistance, 

ultimately leads to right heart failure and death.1 
Disease progression occurs despite the availabil-
ity of drugs that are specific for the disorder.2 
Endothelin-receptor antagonists, phosphodiester-
ase type 5 inhibitors, and prostacyclin and its 
analogues have been approved for the treatment 
of pulmonary arterial hypertension and adopted 
clinically on the basis of short-term trials (12 to 
16 weeks) that have shown improvements in exer-
cise capacity as measured by the distance walked 
in 6 minutes.3-10 However, current guidelines sug-
gest that the primary end point in phase 3 trials of 
new treatments for pulmonary arterial hyperten-
sion should be morbidity and mortality.11-13

The dual endothelin-receptor antagonist maci-
tentan was developed by modifying the structure 
of bosentan to increase efficacy and safety.14 
Macitentan is characterized by sustained recep-
tor binding and enhanced tissue penetration.15,16 
In the Study with an Endothelin Receptor An-
tagonist in Pulmonary Arterial Hypertension to 
Improve Clinical Outcome (SERAPHIN), we inves-
tigated whether long-term treatment with maci-
tentan reduces morbidity and mortality among 
patients with pulmonary arterial hypertension.

ME THODS

STUDY DESIGN

We conducted SERAPHIN as a multicenter, double-
blind, randomized, placebo-controlled, event-
driven, phase 3 trial. The study sponsor, Actelion 
Pharmaceuticals, designed the study and con-
ducted all the statistical analyses. The institu-
tional review board or independent ethics com-
mittee at each participating institution approved 
the protocol. The statistical plan was reviewed by 
two independent academic statisticians. The mem-
bers of the steering committee were involved in 
the study design, reviewed the protocol, and pro-
vided guidance on the study conduct. An inde-
pendent data and safety monitoring board re-
viewed all safety data in an unblinded fashion at 
regular intervals. All the authors had access to 
the data, contributed to data interpretation, con-
tributed to writing the manuscript, reviewed and 
approved the final version, and made the deci-
sion to submit the manuscript for publication. 

Assistance in writing the manuscript was pro-
vided by a professional medical writer paid by the 
sponsor. All the academic authors vouch for the 
accuracy and completeness of the data and analy-
ses and for the fidelity of this report to the trial 
protocol, which is available with the full text of 
this article at NEJM.org.

SELECTION OF PATIENTS

Patients 12 years of age or older who had idio-
pathic or heritable pulmonary arterial hyperten-
sion or pulmonary arterial hypertension related 
to connective-tissue disease, repaired congenital 
systemic-to-pulmonary shunts, human immuno-
deficiency virus infection, or drug use or toxin 
exposure were eligible for inclusion in the trial. 
Confirmation of pulmonary arterial hypertension 
with the use of right heart catheterization was 
required. Patients were also required to have a 
6-minute walk distance of 50 m or more and to 
be in class II, III, or IV according to the World 
Health Organization (WHO) functional classifi-
cation (an adaptation of the New York Heart As-
sociation functional classification). Concomitant 
treatment with oral phosphodiesterase type 5 in-
hibitors, oral or inhaled prostanoids, calcium-
channel blockers, or l-arginine was allowed, pro-
vided that the patient had been receiving a stable 
dose for at least 3 months before randomization. 
Patients receiving intravenous or subcutaneous 
prostanoids were excluded.

Standards of care, access to specific treatments 
for pulmonary arterial hypertension, and manage-
ment approaches vary among countries. In this 
international study, patients were eligible regard-
less of whether they were receiving background 
therapy for pulmonary arterial hypertension; this 
was specified by the protocol. Patients were closely 
monitored, and those who had clinical worsening 
were eligible to receive either the 10-mg dose of 
macitentan or alternative medications specific for 
pulmonary arterial hypertension. Written informed 
consent was obtained from all patients.

TRIAL PROCEDURES

Within 28 days after screening, patients were 
randomly assigned in a 1:1:1 ratio (with stratifica-
tion according to center) to receive placebo once 
daily, macitentan at a once-daily dose of 3 mg, or 
macitentan at a once-daily dose of 10 mg. Clini-
cal assessments (6-minute walk distance and 
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WHO functional class) were performed and lab-
oratory data obtained at screening or randomiza-
tion, at months 3 and 6, and every 6 months 
thereafter, up to and including the end of treat-
ment. Alanine aminotransferase, aspartate amino-
transferase, and hemoglobin levels were measured 
monthly, up to 28 days after the end of treat-
ment. Adverse events were recorded throughout 
the treatment period and up to 28 days after the 
end of treatment. Right heart catheterization was 
performed in a subset of patients at month 6 (see 
the Supplementary Appendix, available at NEJM 
.org). The vital status of all patients was recorded 
at the end of the study (which was declared when 
the predefined number of primary end-point 
events was reached).

Patients were monitored for a primary end-
point event during the double-blind treatment 
period. Patients who had a nonfatal primary 
end-point event and discontinued the double-
blind treatment were eligible to receive open-label 
macitentan at a dose of 10 mg, as were patients 
who were receiving the double-blind treatment 
at the end of the study.

OUTCOME MEASURES

The composite primary end point was the time 
from the initiation of treatment to the first event 
related to pulmonary arterial hypertension 
(worsening of pulmonary arterial hypertension, 
initiation of treatment with intravenous or sub-
cutaneous prostanoids, lung transplantation, or 
atrial septostomy) or death from any cause up to 
the end of treatment. Worsening of pulmonary 
arterial hypertension was defined by the occur-
rence of all three of the following: a decrease in 
the 6-minute walk distance of at least 15% from 
baseline, confirmed by a second 6-minute walk 
test performed on a different day within 2 weeks; 
worsening of symptoms of pulmonary arterial 
hypertension; and the need for additional treat-
ment for pulmonary arterial hypertension. Wors-
ening of symptoms of pulmonary arterial hyper-
tension included at least one of the following: 
a change from baseline to a higher WHO func-
tional class (or no change in patients who were 
in WHO functional class IV at baseline) and the 
appearance or worsening of signs of right heart 
failure that did not respond to oral diuretic ther-
apy. An independent clinical event committee ad-
judicated, in a blinded fashion, all events related 

to pulmonary arterial hypertension and all deaths 
that were reported up to the end of treatment, 
including whether death was due to pulmonary 
arterial hypertension.

Prespecified secondary end points included the 
change from baseline to month 6 in the 6-minute 
walk distance, the percentage of patients with an 
improvement in WHO functional class at month 6, 
death due to pulmonary arterial hypertension or 
hospitalization for pulmonary arterial hyperten-
sion up to the end of treatment, and death from 
any cause up to the end of treatment and up to 
the end of the study. Safety end points included 
adverse events and laboratory abnormalities.

STATISTICAL ANALYSIS

We estimated that 285 events would be needed to 
detect a hazard ratio for the primary end point 
with macitentan (at least one of the dose groups), 
as compared with placebo, of 0.55 over an esti-
mated maximum study duration of 4.1 years, as-
suming an anticipated hazard rate of 0.43 in the 
placebo group, an expected 5% annual attrition 
rate, and an annual enrollment of 200 patients. 
The type I error was set at 0.005 (two-sided test) 
for the comparison of placebo with each dose of 
macitentan, with the use of Bonferroni correction 
to ensure an overall alpha level of 0.01, and power 
was set at 90%. A planned blinded reestimation of 
the sample size was performed 3 months before 
the end of the expected recruitment phase be-
cause the overall hazard rate was lower than ex-
pected, resulting in an increase in recruitment 
from 525 to 699 patients.

The main analyses for the primary and sec-
ondary end points were performed in the inten-
tion-to-treat population, which included all pa-
tients who had undergone randomization. The 
secondary end points were tested hierarchically 
within each dose group to control for multiple 
comparisons. All time-to-event end points were 
estimated with the Kaplan–Meier method and 
analyzed with the log-rank test. Data from pa-
tients without an event who stopped receiving 
blinded treatment were censored at the time of 
treatment discontinuation. Two sensitivity analy-
ses for the primary end point were conducted to 
account for patients without an event who pre-
maturely discontinued treatment; an additional 
sensitivity analysis for the death-related outcomes 
was performed to account for patients with 
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Placebo
(N = 250)

Macitentan,  
3 mg  

(N = 250)

Macitentan,  
10 mg  

(N = 242)
All Patients

(N = 742)

Female sex — no. (%) 184 (73.9) 187 (75.4) 194 (80.2) 565 (76.5)

Age — yr 46.7±17.03 44.5±16.26 45.5±14.99 45.6±16.13

Race or ethnic group — no. (%)†

White 131 (52.6) 137 (55.2) 135 (55.8) 403 (54.5)

Black 8 (3.2) 5 (2.0) 6 (2.5) 19 (2.6)

Asian 71 (28.5) 69 (27.8) 65 (26.9) 205 (27.7)

Hispanic 37 (14.9) 37 (14.9) 35 (14.5) 109 (14.7)

Other 2 (0.8) 0 1 (0.4) 3 (0.4)

Time from diagnosis of PAH — yr 2.6±3.7 3.0±4.5 2.6±3.6 2.7±4.0

PAH classification — no. (%)

Idiopathic 126 (51.0) 144 (58.3) 134 (55.6) 404 (55.0)

Heritable 3 (1.2) 8 (3.2) 2 (0.8) 13 (1.8)

Associated with connective-tissue disease 81 (32.8) 70 (28.3) 73 (30.3) 224 (30.5)

Associated with congenital shunts 26 (10.5) 15 (6.1) 21 (8.7) 62 (8.4)

Associated with HIV infection 3 (1.2) 1 (0.4) 6 (2.5) 10 (1.4)

Associated with drug use or toxin exposure 8 (3.2) 9 (3.6) 5 (2.1) 22 (3.0)

6-Min walk distance — m 352±110.6 364±95.5 363±93.2 360±100.2

WHO functional class — no. (%)‡

I 0 0 1 (0.4) 1 (0.1)

II 129 (51.8) 138 (55.6) 120 (49.6) 387 (52.4)

III 116 (46.6) 105 (42.3) 116 (47.9) 337 (45.6)

IV 4 (1.6) 5 (2.0) 5 (2.1) 14 (1.9)

Hemodynamic variables

Right atrial pressure — mm Hg 8.8±5.6 9.2±5.3 9.2±6.0 9.1±5.6

Pulmonary-artery pressure — mm Hg 53.1±18.1 55.1±16.7 53.5±17.6 53.9±17.5

Pulmonary-capillary wedge pressure — mm Hg 9.5±3.4 9.8±3.3 9.5±3.4 9.6±3.4

Cardiac index — liters/min/m2 of body-surface area 2.44±0.80 2.36±0.79 2.36±0.78 2.39±0.79

Pulmonary vascular resistance — dyn · sec · cm−5 996±784.3 1044±624.2 1040±672.5 1026±696.7

Receipt of background treatment for PAH — no. (%)

No 95 (38.2) 85 (34.3) 88 (36.4) 268 (36.3)

Yes 154 (61.8) 163 (65.7) 154 (63.6) 471 (63.7)

Phosphodiesterase type 5 inhibitor 150 (60.2) 154 (62.1) 150 (62.0) 454 (61.4)

Oral or inhaled prostanoid 7 (2.8) 18 (7.3) 15 (6.2) 40 (5.4)

Anticoagulant therapy — no. (%) 119 (47.8) 134 (54.0) 125 (51.7) 378 (51.2)

* Plus–minus values are means ±SD. There were no significant between-group differences at baseline, except regarding the 
use of an oral or inhaled prostanoid for the comparison between the group that received 3 mg of macitentan and the pla-
cebo group (P<0.05). For the categories of female sex, age, race or ethnic group, 6-minute walk distance, World Health 
Organization (WHO) functional class, receipt of treatment for pulmonary arterial hypertension (PAH), and receipt of anti-
coagulant therapy, data were missing for 1 patient in the placebo group and for 2 in the group that received 3 mg of maci-
tentan (a total of 3 patients with missing data). For the categories of time from diagnosis of PAH and PAH classification, 
data were missing for 3 patients in the placebo group, for 3 in the 3-mg group, and for 1 in the group that received 10 mg 
of macitentan (a total of 7 patients with missing data). For right atrial pressure, pulmonary-artery pressure, pulmonary-
capillary wedge pressure, cardiac index, and pulmonary vascular resistance, data were missing for 8, 8, 6, 2, and 6 pa-
tients, respectively, in the placebo group; for 3, 2, 7, 2, and 7 patients, respectively, in the 3-mg group, and for 4, 0, 7, 2, 
and 9 patients, respectively, in the 10-mg group (a total of 15, 10, 20, 6, and 22 patients with missing data for these re-
spective categories). HIV denotes human immunodeficiency virus.

† Race or ethnic group was determined by the investigator.
‡ The WHO functional class ranges from I to IV, with higher numbers indicating greater functional limitations. All the trial 

participants who were in WHO functional class IV at baseline were enrolled in countries where epoprostenol was not 
available at the time of inclusion. Although only patients in WHO functional class II, III, or IV were permitted in the 
study according to the protocol, one patient in WHO functional class I was erroneously included.
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missing data on vital status (see the Supplemen-
tary Appendix). Hazard ratios with two-sided 
97.5% confidence intervals were calculated with 
the use of Cox regression models. Subgroup 
analyses were performed for the primary end 
point with the use of interaction tests.17

At month 6, the change from baseline in the 
6-minute walk distance and the proportion of 
patients with an improved WHO functional class 
were analyzed with the use of the Wilcoxon rank-
sum test and Fisher’s exact test, respectively. Miss-
ing assessments were imputed with the use of 
either the last-observation-carried-forward meth-
od or a method that imputed data according to a 
worst-case scenario (see the Supplementary Appen-
dix). Analyses of covariance with adjustment for 
the 6-minute walk distance at baseline were used 
post hoc to determine the overall treatment effect, 

according to the use or nonuse of therapy for 
pulmonary arterial hypertension at baseline and 
according to the baseline WHO functional class.

R ESULT S

DISPOSITION AND CHARACTERISTICS  
OF THE PATIENTS

Patients were enrolled at 151 centers in 39 coun-
tries between May 2008 and December 2009 (last 
patient visit, March 2012). A total of 742 patients 
were randomly assigned to receive placebo (250 pa-
tients), macitentan at a dose of 3 mg (250), or maci-
tentan at a dose of 10 mg (242) and were included 
in the intention-to-treat population. Patient dispo-
sition is shown in Figure S1 in the Supplementary 
Appendix. Table 1 shows the demographic and 
clinical characteristics of the patients at baseline.

Table 2. Primary and Secondary End Points for Events Related to Pulmonary Arterial Hypertension and Death.*

End Point
Placebo 
(N = 250)

Macitentan,  
3 mg 

(N = 250)

Macitentan, 
10 mg

(N = 242)
Macitentan, 3 mg,

vs. Placebo
Macitentan, 10 mg,

vs. Placebo

Hazard Ratio
(97.5% CI) P Value

Hazard Ratio
(97.5% CI) P Value

number of patients (percent)

Event related to PAH or death 
as the first event

All events 116 (46.4) 95 (38.0) 76 (31.4) 0.70 (0.52–0.96) 0.01 0.55 (0.32–0.76) <0.001

Worsening of PAH 93 (37.2) 72 (28.8) 59 (24.4)

Death from any cause† 17 (6.8) 21 (8.4) 16 (6.6)

Prostanoid initiation 6 (2.4) 1 (0.4) 1 (0.4)

Lung transplantation 0 1 (0.4) 0

Death due to PAH or hospitalization 
for PAH as the first event

All events 84 (33.6) 65 (26.0) 50 (20.7) 0.67 (0.46–0.97) 0.01 0.50 (0.34–0.75) <0.001

Hospitalization for PAH 79 (31.6) 56 (22.4) 45 (18.6)

Death due to PAH‡ 5 (2.0) 9 (3.6) 5 (2.1)

Death from any cause 19 (7.6) 21 (8.4) 14 (5.8) 0.97 (0.48–1.98) 0.92 0.64 (0.29–1.42) 0.20

Death due to PAH§ 14 (5.6) 14 (5.6) 7 (2.9) 0.87 (0.37–2.04) 0.72 0.44 (0.16–1.25) 0.07

Death from any cause by the end of 
the study¶

44 (17.6) 47 (18.8) 35 (14.5) 1.05 (0.65–1.67) 0.83 0.77 (0.46–1.28) 0.25

* All end points were evaluated up to the end of the double-blind treatment period (median duration of treatment, 115 weeks), except for 
death from any cause up to the end of the study (median follow-up, 129 weeks). CI denotes confidence interval.

† Two patients in each of the macitentan groups had an adverse event leading to the discontinuation of treatment and died thereafter. The 
causes of death were hematemesis and sudden cardiac death (in one patient in the 10-mg group), cardiorespiratory failure (in one in the 
10-mg group), right ventricular failure (in one in the 3-mg group), and multiorgan failure (in one in the 3-mg group). These deaths were ad-
judicated by the clinical event committee and, as a conservative approach, were included in the analysis of the primary end point.

‡ Data do not include patients who were hospitalized before death.
§  Data include deaths that were adjudicated by the clinical event committee to be due to PAH and that occurred during the double-blind  

period or deaths that occurred within 4 weeks after the end of treatment, after a confirmed worsening of PAH.
¶ The analysis included patients who were eligible to receive other treatments for PAH, including open-label macitentan at a dose of 10 mg. 

Data on vital status were not available at the end of the study for 27 patients (3.6%) who were lost to follow-up. The results of a sensitivity 
analysis for death from any cause up to the end of the study, which imputed death for 30 patients (4.0%) who had missing data on vital sta-
tus at the end of the study, were consistent with the results of the main analysis (see the Supplementary Appendix).
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Although only patients in WHO functional 
class II, III, or IV were permitted in the study 
according to the protocol, one patient in WHO 
functional class I was erroneously included. One 
patient randomly assigned to placebo did not 
receive the study drug and was excluded from 
the safety analysis. The mean duration of study 
treatment was 85.3 weeks, 99.5 weeks, and 103.9 
weeks for the patients receiving placebo, the 
3-mg dose of macitentan, and the 10-mg dose of 
macitentan, respectively. A total of 94 patients 
(12.7%) discontinued the study drug prema-
turely without having a primary end-point event; 
data from these patients were censored at the 
time of treatment discontinuation in the analysis 
of the primary end point (Table S1 in the Supple-
mentary Appendix).

MORBIDITY AND MORTALITY

A total of 287 patients had a primary end-point 
event over a median treatment period of 115 

weeks (Table 2): 116 patients (46.4%) in the pla-
cebo group, 95 patients (38.0%) in the group that 
received 3 mg of macitentan, and 76 patients 
(31.4%) in the group that received 10 mg of ma-
citentan. Worsening of pulmonary arterial hy-
pertension was the most frequent primary end-
point event. The hazard ratio for the primary end 
point with the 3-mg dose of macitentan versus 
placebo was 0.70 (97.5% confidence interval [CI], 
0.52 to 0.96; P = 0.01 by the log-rank test), and the 
hazard ratio with the 10-mg dose of macitentan 
versus placebo was 0.55 (97.5% CI, 0.39 to 0.76; 
P<0.001 by the log-rank test) (Fig. 1). The results 
of the sensitivity analyses performed to account 
for premature discontinuation of treatment were 
consistent with those of the primary analysis 
(Table S2 in the Supplementary Appendix). The 
effect of macitentan was consistent in several ex-
ploratory subgroup analyses (Fig. S2 and S3 in 
the Supplementary Appendix).

The composite end point of death due to pul-
monary arterial hypertension or hospitalization 
for pulmonary arterial hypertension occurred in 
84 patients (33.6%) in the placebo group, 65 
patients (26.0%) in the group that received 3 mg 
of macitentan, and 50 patients (20.7%) in the 
group that received 10 mg of macitentan (Table 
2 and Fig. 2), with hospitalization accounting for 
most of these events. The hazard ratio with the 
3-mg dose of macitentan versus placebo was 
0.67 (97.5% CI, 0.46 to 0.97; P = 0.01 by the log-
rank test), and the hazard ratio with the 10-mg 
dose of macitentan versus placebo was 0.50 
(97.5% CI, 0.34 to 0.75; P<0.001 by the log-rank 
test). Secondary end points related to death are 
shown in Table 2 and in Figure S4 in the Supple-
mentary Appendix. The sensitivity analyses for 
death from any cause up to the end of the study, 
which assumed that the 30 patients (4.0%) with 
missing vital-status data at the end of the study 
had died as of the last contact, were consistent 
with the main analysis (Table S3 in the Supple-
mentary Appendix).

EXERCISE CAPACITY AND FUNCTIONAL CLASS

At month 6, the 6-minute walk distance had de-
creased by a mean of 9.4 m in the placebo group. 
In contrast, the 6-minute walk distance had in-
creased by a mean of 7.4 m in the group that re-
ceived 3 mg of macitentan (treatment effect with 
3-mg dose vs. placebo, 16.8 m; 97.5% CI, −2.7 to 
36.4; P = 0.01) and by a mean of 12.5 m in the 
group that received 10 mg of macitentan (treat-
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Figure 1. Effect of Macitentan on the Composite Primary End Point 
of a First Event Related to Pulmonary Arterial Hypertension or Death  
from Any Cause.

Kaplan–Meier estimates for the first event related to pulmonary arterial hy-
pertension (worsening of pulmonary arterial hypertension, initiation of 
treatment with intravenous or subcutaneous prostanoids, lung transplanta-
tion, or atrial septostomy) or death from any cause show a significant treat-
ment effect in favor of macitentan at a once-daily dose of 3 mg versus pla-
cebo (hazard ratio, 0.70; 97.5% CI, 0.52 to 0.96; P = 0.01 by the log-rank test) 
and macitentan at a once-daily dose of 10 mg versus placebo (hazard ratio, 
0.55; 97.5% CI, 0.39 to 0.76; P<0.001 by the log-rank test). The intention-to-
treat analysis took into account all available data, whereas the Kaplan–Meier 
curve is truncated at 36 months.
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ment effect with 10-mg dose vs. placebo, 22.0 m; 
97.5% CI, 3.2 to 40.8; P = 0.008). These effects 
were also examined according to whether or not 
the patient was receiving therapy for pulmonary 
arterial hypertension at baseline and according 
to the WHO functional class at baseline (Table 
S4 in the Supplementary Appendix). The WHO 
functional class improved from baseline to 
month 6 in 13% of the patients in the placebo 
group, as compared with 20% of those in the 
group that received 3 mg of macitentan (P = 0.04) 
and 22% of those in the group that received 10 mg 
of macitentan (P = 0.006).

CARDIAC HEMODYNAMICS

A subset of patients participated in a hemody-
namic study that included right heart catheter-
ization at baseline and month 6. Patients in both 
macitentan groups had significant decreases in 
pulmonary vascular resistance and significant 
increases in the cardiac index, as compared with 
the placebo group (Table S5 in the Supplemen-
tary Appendix).

SAFETY

The number of patients in the placebo, 3-mg ma-
citentan, and 10-mg macitentan groups who dis-
continued the study drug owing to adverse events 
was 31 (12.4%), 34 (13.6%), and 26 (10.7%), respec-
tively. Table 3 lists the most frequently occur-
ring adverse events. The incidence of peripheral 
edema and the incidence of alanine amino-
transferase or aspartate aminotransferase levels 
that were more than 3 times the upper limit of 
the normal range were similar across the three 
groups (Table 3). The time to the first appear-
ance of an alanine aminotransferase or aspar-
tate aminotransferase level that was more than 
3 times the upper limit of the normal range is 
provided in Figure S5 in the Supplementary Ap-
pendix. As compared with patients who received 
placebo, higher percentages of patients in the 
two macitentan groups had nasopharyngitis, 
headache, and anemia (Table 3). Three patients, 
one in each group, discontinued treatment owing 
to anemia.

DISCUSSION

In this event-driven study, macitentan signifi-
cantly reduced morbidity and mortality among 
patients with pulmonary arterial hypertension. 
Because pulmonary arterial hypertension is a 

chronic life-threatening disease, data from long-
term outcome studies are required to assess the 
effect of therapy on disease progression. Current 
guidelines for clinical research on pulmonary ar-
terial hypertension support the use of these long-
term outcome studies.11-13 SERAPHIN shows 
that large-scale studies of the effects of treat-
ments for pulmonary arterial hypertension on 
morbidity and mortality are feasible for the as-
sessment of the long-term effects of therapies for 
this disease.

The treatment effect for the primary end point 
was driven mainly by differences in the rates of 
worsening of pulmonary arterial hypertension. A 
significant treatment effect was also observed 
with respect to the composite secondary outcome 
of death or hospitalization related to pulmonary 
arterial hypertension, which was driven by lower 
rates of hospitalization in the macitentan groups 
than in the placebo group. Since pulmonary arte-
rial hypertension is a progressive disease and 
clinical deterioration is likely to precede death, it 
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Figure 2. Effect of Macitentan on the Composite Secondary End Point 
of Death Due to Pulmonary Arterial Hypertension or Hospitalization  
for Pulmonary Arterial Hypertension as a First Event.

Kaplan–Meier estimates for death due to pulmonary arterial hypertension 
or hospitalization for pulmonary arterial hypertension show a treatment ef-
fect in favor of the 3-mg dose of macitentan versus placebo (hazard ratio, 
0.67; 97.5% CI, 0.46 to 0.97; P = 0.01 by the log-rank test) and the 10-mg 
dose of macitentan versus placebo (hazard ratio, 0.50; 97.5% CI, 0.34 to 
0.75; P<0.001 by the log-rank test). The intention-to-treat analysis took into 
account all available data, whereas the Kaplan–Meier curve is truncated at 
36 months.
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is not surprising that death from any cause or from 
pulmonary arterial hypertension was rarely the 
first recorded event, and there was no significant 
difference between the active-treatment groups 
and the placebo group in the rates of death as 
components of these composite end points. When 
death was considered alone, there were trends 
toward reductions in both the rate of death from 
any cause and the rate of death due to pulmonary 
arterial hypertension with the 10-mg dose of maci-
tentan as compared with placebo. However, the 
trial was not powered to show an effect on mortal-
ity alone, and these trends were not significant.

The magnitude of improvement in the 6-min-
ute walk distance with the 10-mg dose of ma-
cit entan at month 6 was within the range of 
that observed in randomized studies lasting 12 to 
16 weeks18-21 and in a recent observational open-
label study22 in which the study drugs were added 

to the therapy that the patients were already re-
ceiving for pulmonary arterial hypertension. Our 
post hoc examination of the 6-minute walk dis-
tance for patients in WHO functional class I or II 
and for those in WHO functional class III or IV 
at baseline showed that the treatment effects 
with the 10-mg dose of macitentan were similar 
to the results of other studies that enrolled pa-
tients in WHO functional class II23 or WHO 
functional class III or IV.5 The 6-minute walk 
distance is widely used in clinical practice and 
studies; however, pooled analyses of randomized, 
controlled trials involving patients with pulmo-
nary arterial hypertension have shown that the 
change in the 6-minute walk distance may not be 
a sufficient surrogate for the clinical outcome.24,25 
This observation reinforces the importance of 
event-driven studies that use multiple indicators 
of disease progression.

Table 3. Most Frequent Adverse Events and Laboratory Abnormalities.*

Variable
Placebo
(N = 249)

Macitentan, 3 mg 
(N = 250)

Macitentan, 10 mg
(N = 242)

Patients with ≥1 adverse event — no. (%) 240 (96.4) 240 (96.0) 229 (94.6)

Patients with ≥1 serious adverse event — no. (%) 137 (55.0) 130 (52.0) 109 (45.0)

No. of adverse events 1365 1614 1446

Adverse event — no. of patients (%)†

Worsening of pulmonary arterial hypertension‡ 87 (34.9) 75 (30.0) 53 (21.9)

Upper respiratory tract infection 33 (13.3) 50 (20.0) 37 (15.3)

Peripheral edema 45 (18.1) 40 (16.0) 44 (18.2)

Nasopharyngitis 26 (10.4) 37 (14.8) 34 (14.0)

Right ventricular failure‡ 56 (22.5) 37 (14.8) 32 (13.2)

Headache 22 (8.8) 33 (13.2) 33 (13.6)

Anemia 8 (3.2) 22 (8.8) 32 (13.2)

Dizziness 27 (10.8) 24 (9.6) 26 (10.7)

Bronchitis 14 (5.6) 20 (8.0) 28 (11.6)

Dyspnea 22 (8.8) 26 (10.4) 18 (7.4)

Cough 30 (12.0) 20 (8.0) 21 (8.7)

Laboratory abnormality — no. of patients/total no. (%)

Alanine aminotransferase or aspartate amino-
transferase >3× ULN

11/244 (4.5) 9/247 (3.6) 8/236 (3.4)

Alanine aminotransferase or aspartate amino-
transferase >3× ULN and bilirubin >2× ULN

4/237 (1.7) 5/241 (2.1) 4/230 (1.7)

Hemoglobin ≤8 g/dl 1/237 (0.4) 4/241 (1.7) 10/230 (4.3)

* One patient randomly assigned to receive placebo did not receive the study drug and was excluded from the safety 
analysis. ULN denotes upper limit of the normal range.

† Adverse events listed are those that occurred in more than 10% of the patients in any study group during the treatment 
period and up to 28 days after discontinuation of the study drug.

‡ The majority of these events were also reported as primary end-point events.
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In this study, few patients in any of the three 
groups had elevations in liver enzyme levels. The 
incidence of peripheral edema, a known safety 
concern with other endothelin-receptor antago-
nists, was similar in the placebo and macitentan 
groups.7,26 The only clinical laboratory finding 
of note was that decreased hemoglobin levels, a 
laboratory abnormality that has been reported 
with other endothelin-receptor antagonists,3,7,23 
occurred more frequently with macitentan than 
with placebo. The incidence of headache, naso-
pharyngitis, and anemia was higher with maci-
tentan than with placebo.

Our study has several limitations. Perhaps the 
most important is the fact that patients who 
discontinued blinded use of the study medica-
tion before the occurrence of a primary end-
point event were not followed for such events to 
the end of the trial. However, the results of the 
two sensitivity analyses performed to address 

this issue were similar to those of the primary 
analysis. Second, this study did not address the 
efficacy of macitentan as compared with other 
approved oral therapies for pulmonary arterial 
hypertension. Whether currently approved drugs 
would have shown the same results, if tested in 
the same context, is unknown.

In conclusion, macitentan significantly re-
duced morbidity and mortality among patients 
with pulmonary arterial hypertension. Benefits 
were shown both for patients who had not re-
ceived treatment previously and for those receiv-
ing therapy for pulmonary arterial hypertension 
at study entry.
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