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ABSTRACT In SERAPHIN, a long-term, randomised, controlled trial (NCT00660179) in pulmonary
arterial hypertension (PAH), macitentan significantly reduced the risk of morbidity/mortality and PAH-
related death/hospitalisation. We evaluated disease progression and the effect of macitentan in treatment-
naïve incident and prevalent cohorts.

Patients allocated to placebo, or macitentan 3 mg or 10 mg were classified by time from diagnosis to
enrolment as incident (⩽6 months; n=110) or prevalent (>6 months; n=157). The risk of morbidity/
mortality and PAH-related death/hospitalisation was determined using Cox regression.

The risk of morbidity/mortality (Kaplan–Meier estimates at month 12: 54.4% versus 26.7%; p=0.006)
and PAH-related death/hospitalisation (Kaplan–Meier estimates at month 12: 47.3% versus 19.9%;
p=0.006) were significantly higher for incident versus prevalent patients receiving placebo, respectively.
There was no significant difference in the risk of all-cause death between incident and prevalent cohorts
(p=0.587). Macitentan 10 mg significantly reduced the risk of morbidity/mortality and PAH-related death/
hospitalisation versus placebo in incident and prevalent cohorts.

Incident patients had a higher risk for PAH progression compared with prevalent patients but not a
higher risk of death. Macitentan delayed disease progression in both incident and prevalent PAH patients.
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Introduction
Pulmonary arterial hypertension (PAH) is a severe, progressive disease leading to right heart failure.
Advances in the management of PAH, including the introduction of targeted therapies, have led to
improved survival [1]. However, PAH remains progressive and fatal [2], highlighting the importance of
further improvements in treatments and their effective implementation.

Patient and disease characteristics, such as male sex [2, 3] and World Health Organization (WHO)
functional class (FC) III or IV [2, 4], are predictors of poor prognosis. Data from national PAH registries
in the US and Europe have also highlighted that newly diagnosed patients (termed the incident cohort)
have a worse prognosis than those who are diagnosed before follow-up begins (termed the prevalent
cohort) [2, 4]. The US National Institutes of Health Registry of Primary Pulmonary Hypertension showed
a median survival of 2.6 years for newly diagnosed patients compared with 3.2 years for previously
diagnosed patients [4]. Differences in survival between incident and prevalent patients were observed in
the French PAH registry, with 3-year survival rates of 51% and 71% (p<0.0001) [2]. Furthermore, recent
data from REVEAL (Registry to Evaluate Early and Long-term Pulmonary Arterial Hypertension Disease
Management) in the USA estimate 3-year survival of 69.3% and 76.2% in incident and prevalent patients,
which is comparable to the French cohort [5]. The improved survival observed in registries for prevalent
patients may be influenced by survivor bias [2, 6, 7].

Macitentan is a novel, oral endothelin receptor antagonist (ERA), characterised by sustained receptor
binding [8, 9] and enhanced tissue penetration [10, 11], that is approved for the long-term treatment of
PAH to delay disease progression [12]. In the large, randomised, controlled Study with an Endothelin
Receptor Antagonist in Pulmonary Arterial Hypertension to Improve Clinical Outcome (SERAPHIN),
macitentan 10 mg reduced the risk of the composite end-point of morbidity and mortality by 45%, and
the risk of PAH-related death and hospitalisation by 50% [13].

The objective of the current analysis was to evaluate disease progression in incident and prevalent
treatment-naïve PAH patients in the global SERAPHIN trial, and to study the effect of first-line treatment
with macitentan on long-term outcomes in these patients.

Methods
Study design and patients
SERAPHIN was a global, double-blind, randomised, placebo-controlled, event-driven, phase III study designed
to assess the long-term efficacy and safety of macitentan in patients with PAH (www.clinicaltrials.gov identifier
number NCT00660179). The study has been described in detail elsewhere [13]. Patients were ⩾12 years of
age with PAH diagnosed by right heart catheterisation, including idiopathic and heritable PAH, or PAH
associated with connective tissue disease, repaired simple congenital systemic-to-pulmonary shunts, HIV
infection, or drugs and toxins. Patients were also required to be in WHO FC II–IV and have a 6-min walk
distance (6MWD) ⩾50 m. Patients could be treatment naïve, or receiving a stable dose of
phosphodiesterase type 5 inhibitors, oral or inhaled prostanoids, calcium channel blockers, or L-arginine
for ⩾3 months. After screening, patients were randomised (1:1:1) to placebo, macitentan 3 mg or
macitentan 10 mg. Double-blind treatment was continued until patients experienced a primary end-point
event or until 285 events had occurred (end of study (EOS)). An independent clinical event committee
adjudicated, in a blinded fashion, all morbidity and mortality events that were reported up to the end of
double-blind treatment, including whether death was due to PAH. Local institutional review boards or
independent ethics committees approved the protocol. Written informed consent was obtained from all
patients.

Exploratory post hoc analyses were conducted on the subgroup of treatment-naïve patients enrolled in
SERAPHIN. Classification of patients into incident or prevalent cohorts was based on a cut-off for the
time from PAH diagnosis to study enrolment. The incident cohort comprised treatment-naïve patients,
diagnosed ⩽6 months prior to enrolment. The prevalent cohort comprised treatment-naïve patients,
diagnosed >6 months prior to enrolment. The 6-month threshold was used as it is the median of the range
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used previously to define incident and prevalent PAH patients [2, 4, 14–16] and is substantially lower than
the 16-month cut-off used in the French PAH Registry [2]. In addition, the 6-month threshold ensured
that a reasonable number of patients in each cohort were included. We examined the disease course in the
incident and prevalent cohorts without intervention by analysing the outcome measures in placebo-treated
patients. Patients receiving PAH therapy at baseline were excluded to remove the potential confounding
effects of background PAH-specific therapies on the comparison between the incident and prevalent
cohorts, and to evaluate the effect of first-line treatment with macitentan in these two cohorts. For the
primary end-point, the robustness of the results in the treatment-naïve population was assessed by
conducting the analysis on all incident and prevalent patients, regardless of PAH therapy at baseline.

Outcome measures
The primary end-point was the time from initiation of treatment with the study drug to the first morbidity
(worsening of PAH, initiation of intravenous/subcutaneous prostanoids, lung transplantation or atrial
septostomy) or all-cause mortality event up to the end of double-blind treatment (EOT). Worsening of
PAH was defined by the occurrence of all of the following: ⩾15% decrease in 6MWD from baseline
(confirmed by a second test performed on a different day and within 2 weeks), worsening of PAH
symptoms and requirement for additional PAH treatment. A blinded independent committee adjudicated
all primary end-point events. Secondary end-points included time from study drug initiation to the
occurrence of death due to PAH or hospitalisation for PAH (PAH-related death or hospitalisation) up to
EOT and time to all-cause mortality up to the EOS. Safety endpoints included adverse events and
laboratory abnormalities.

Statistical analysis
The time-to-event end-points were analysed using the Kaplan–Meier method and comparisons between
groups (placebo incident versus placebo prevalent or macitentan groups versus placebo within the incident
and prevalent cohorts) were made using the log-rank test. For the comparisons between incident and
prevalent placebo patients, baseline variables that differed between the two groups with p<0.20 (t-test for
continuous variables and Fisher test for categorical variables), together with PAH aetiology (which is
prognostic of long-term outcome [17] and differed between the groups with a borderline p-value), were
considered for inclusion into a multivariate Cox regression model as a supportive analysis. Both
unadjusted and adjusted hazard ratios (HRs) with 95% confidence intervals were calculated. In addition,
for each end-point, interaction tests were performed in order to evaluate the consistency of the treatment
effect for macitentan versus placebo between incident and prevalent cohorts.

Results
Patients and treatment exposure
Of the 742 patients enrolled in SERAPHIN, 267 were treatment-naïve. Of these, 110 were considered
incident and 157 were considered prevalent. Treatment-naïve PAH patients received either placebo
(incident: n=36; prevalent: n=59), macitentan 3 mg (incident: n=40; prevalent: n=45) or macitentan 10 mg
(incident: n=34; prevalent: n=53). Statistical analysis was conducted to compare the baseline characteristics
between incident and prevalent patients in each treatment group and overall. In the placebo incident and
prevalent cohorts, differences at the 5% level were found in baseline geographical region and WHO FC
(table 1). In the overall incident and prevalent cohorts, significant differences were found in baseline
aetiology and geographical region (table 1). Both placebo cohorts were mainly comprised of European
patients; the placebo incident cohort had a higher proportion of patients from Western Europe and a
smaller proportion from Eastern Europe compared with the placebo prevalent cohort. A greater
proportion of placebo incident patients were WHO FC III/IV compared with prevalent patients (62.9%
versus 37.3%; table 1). Notwithstanding the time from diagnosis to enrolment, both cohorts were similar
with regard to other baseline characteristics.

Morbidity and mortality end-point
The total number and type of morbidity and mortality end-point events experienced by patients in the
incident and prevalent cohorts are shown by treatment group in table 2. Among the placebo-treated
patients, a greater proportion of incident patients experienced a morbidity or mortality event compared
with prevalent patients. The majority of these events were PAH worsening. Kaplan–Meier estimates of
morbidity and mortality at month 12 were 54.4% for the incident cohort and 26.7% for the prevalent
cohort. These estimates correspond to a doubling of the risk of occurrence of an event throughout the
entire treatment period, for incident versus prevalent cohorts (HR 2.19, 95% CI 1.24–3.87; log-rank
p=0.006). After adjustment for baseline variables that differed at the 20% level between the incident and
prevalent placebo groups (geographical region, mean right atrial pressure (mRAP) and WHO FC) and
aetiology, the HR was 1.96 (95% CI 1.01–3.83) (online supplementary table S1).
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The effect of macitentan 10 mg on the composite end-point of morbidity and mortality in the incident and
prevalent cohorts versus placebo is shown in figure 1. Treatment with macitentan 10 mg significantly reduced
the risk of a morbidity or mortality event versus placebo by 60% in incident patients (HR 0.40, 95% CI 0.20–
0.79; log-rank p=0.007) and by 53% in prevalent patients (HR 0.47, 95% CI 0.24–0.92; log-rank p=0.023)
(figure 2). The test for interaction was nonsignificant (p=0.602), indicating no heterogeneity of the treatment
effect across the incident and prevalent cohorts. The magnitude of the treatment effect observed in the
macitentan 3 mg group (versus placebo) was smaller than that of the macitentan 10 mg group (figure S1).

The robustness of these results was assessed by conducting the analysis on all randomised patients
irrespective of baseline PAH therapy. Kaplan–Meier estimates of morbidity and mortality at month 12
were 45.4% versus 23.0%, respectively, for all randomised incident and prevalent patients on placebo (HR
1.72, 95% CI 1.16–2.56; log-rank p=0.006). There was a significant reduction in the risk of events for
incident patients who received macitentan 10 mg (n=64) versus placebo (n=63) (57% risk reduction; HR
0.43, 95% CI 0.25–0.73; log-rank p=0.001) and for prevalent patients who received macitentan 10 mg
(n=177) versus placebo (n=185) (41% risk reduction; HR 0.59, 95% CI 0.42–0.84; log-rank p=0.003). The
magnitude of the treatment effect observed for macitentan 3 mg (versus placebo) was smaller than that of
macitentan 10 mg.

PAH-related death or hospitalisation end-point
The total number of PAH-related death or hospitalisation events experienced by patients in the incident
and prevalent cohorts is shown by treatment group in table 2. Among the placebo patients, a greater
proportion of incident patients experienced a PAH-related death or hospitalisation event compared with
prevalent patients; this end-point was mainly driven by hospitalisation for PAH (table 2). Kaplan–Meier
estimates of PAH-related death or hospitalisation at month 12 were 47.3% versus 19.9% for the incident

TABLE 1 Baseline demographic, disease and cardiovascular characteristics of treatment-naïve incident and prevalent cohorts

Incident Prevalent

Placebo Macitentan All Placebo Macitentan All

3 mg 10 mg 3 mg 10 mg

Patients 36 40 34 110 59 45 53 157
Females 26 (74.3) 28 (71.8) 32 (94.1) 86 (79.6) 44 (74.6) 36 (80.0) 44 (83.0) 124 (79.0)
Age years 50.1±17.1 46.7±17.8 50.8±16.4 49.1±17.1 45.6±18.4 48.6±14.7 44.6±15.1 46.1±16.3
Geographic region 35 39 34 108 59* 45 53 157*
North America 2 (5.7) 5 (12.8) 2 (5.9) 9 (8.3) 3 (5.1) 1 (2.2) 4 (7.5) 8 (5.1)
Western Europe# 10 (28.6) 7 (17.9) 10 (29.4) 27 (25.0) 5 (8.5) 3 (6.7) 7 (13.2) 15 (9.6)
Eastern Europe¶ 9 (25.7) 16 (41.0) 16 (47.1) 41 (38.0) 31 (52.5) 22 (48.9) 22 (41.5) 75 (47.8)
Asia 8 (22.9) 7 (17.9) 4 (11.8) 19 (17.6) 9 (15.3) 13 (28.9) 13 (24.5) 35 (22.3)
Latin America 6 (17.1) 4 (10.3) 2 (5.9) 12 (11.1) 11 (18.6) 6 (13.3) 7 (13.2) 24 (15.3)

Aetiology 35 39 34 108 59 45* 53 157*
Idiopathic 20 (57.1) 24 (61.5) 19 (55.9) 63 (58.3) 26 (44.1) 22 (48.9) 24 (45.3) 72 (45.9)
Familial 0 (0.0) 1 (2.6) 1 (2.9) 2 (1.9) 1 (1.7) 0 (0.0) 0 (0.0) 1 (0.6)
Connective tissue disease 12 (34.3) 13 (33.3) 11 (32.4) 36 (33.3) 20 (33.9) 17 (37.8) 19 (35.8) 56 (35.7)
Congenital shunts 2 (5.7) 0 (0.0) 1 (2.9) 3 (2.8) 11 (18.6) 6 (13.3) 8 (15.1) 25 (15.9)
HIV infection 0 (0.0) 0 (0.0) 2 (5.9) 2 (1.9) 1 (1.7) 0 (0.0) 0 (0.0) 1 (0.6)
Drugs and toxins 1 (2.9) 1 (2.6) 0 (0.0) 2 (1.9) 0 (0.0) 0 (0.0) 2 (3.8) 2 (1.3)

Time between diagnosis
and study entry months

2.3±1.6 1.8±1.5 2.3±1.7 2.1±1.6 46.3±38.2 47.5±55.9 49.4±55.8 47.7±49.6

6MWD m 333.4±81.8 356.7±95.6 341.3±96.5 344.3±91.3 344.2±125.3 360.5±101.5 374.5±78.2 359.1±104.6
Cardiac index L·min−1·m−2 2.43±0.76 2.45±0.65 2.49±0.87 2.45±0.75 2.37±0.63 2.48±0.71 2.56±0.65 2.47±0.66
mRAP mmHg 7.1±4.5 8.0±4.6 8.6±6.1 7.9±5.1 8.4±4.9 8.4±5.6 8.7±4.9 8.5±5.1
mPAP mmHg 50.5±17.5 54.1±17.1 50.5±18.4 51.8±17.6 52.8±19.7 46.6±17.4* 49.1±17.7 49.8±18.5
PVR Wood units 11.2±6.0 11.7±6.3 11.2±7.3 11.4±6.5 12.0±7.9 9.7±7.7 9.9±6.6 10.6±7.5
WHO FC
I/II+ 13 (37.1) 23 (59.0) 17 (50.0) 53 (49.1) 37 (62.7)* 23 (51.1) 31 (58.5) 91 (57.9)
III/IV+ 22 (62.9) 16 (41.0) 17 (50.0) 55 (51.0) 22 (37.3)* 22 (48.8) 22 (41.5) 66 (42.1)

Data are presented as n, n (%) or mean±SD, unless otherwise stated. 6MWD: 6-min walk distance; mRAP: mean right atrial pressure; mPAP: mean
pulmonary arterial pressure; PVR: pulmonary vascular resistance; WHO: World Health Organization; FC: functional class. #: includes Israel.
¶: includes Turkey. +: one FC I patient and five FC IV patients were in the overall prevalent cohort; no FC I patients and two FC IV patients were in the
overall incident cohort. *: p<0.05 between prevalent and incident patients in the particular treatment group and overall.
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TABLE 2 Morbidity and mortality events and pulmonary arterial hypertension (PAH)-related death and hospitalisation events in treatment-naïve incident and
prevalent cohorts

Incident Prevalent

Placebo Macitentan Placebo Macitentan

3 mg 10 mg 3 mg 10 mg

Patients n 36 40 34 59 45 53
Exposure to study drug weeks median
(interquartile range)

41.2 (21.9–97.6) 123.3 (50.4–139.0) 122.4 (38.4–147.1) 111.0 (27.1–146.3) 119.3 (46.7–148.3) 122.4 (82.3–151.6)

Morbidity and mortality
All events 23 (63.9) 16 (40.0) 13 (38.2) 25 (42.4) 13 (28.9) 13 (24.5)
Worsening of PAH 18 (50.0) 12 (30.0) 13 (38.2) 17 (28.8) 9 (20.0) 7 (13.2)
Death 3 (8.3) 4 (10.0) 0 8 (13.6) 4 (8.9) 6 (11.3)
Intravenous/subcutaneous prostanoid initiation 2 (5.6) 0 0 0 0 0
Lung transplantation 0 0 0 0 0 0
Atrial septostomy 0 0 0 0 0 0

PAH-related death or hospitalisation
All events 18 (50.0) 14 (35.0) 6 (17.6) 17 (28.8) 7 (15.6) 7 (13.2)
Hospitalisation# for PAH 18 (50.0) 11 (27.5) 6 (17.6) 14 (23.7) 5 (11.1) 4 (7.5)
Death due to PAH 0 3 (7.5) 0 3 (5.1) 2 (4.4) 3 (5.7)

All-cause death at EOS 8 (22.2) 7 (17.5) 4 (11.8) 16 (27.1) 8 (17.8) 7 (13.2)

Data are presented as n (%) unless otherwise stated. EOS: end of study. #: if a patient died on the day of first hospitalisation or as a result of an adverse event that started on the day of
first hospitalisation or on the day of a confirmed worsening of PAH (occurring on the day of first hospitalisation) with a fatal outcome within 4 weeks of the end of treatment, they were
counted under hospitalisation for PAH as their first event.
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FIGURE 1 Effect of macitentan 10 mg on morbidity and mortality in treatment-naïve incident and prevalent
cohorts.

Time to first confirmed morbidity/mortality event up to EOT

Prevalent 59/25 53/13 0.467 (0.238–0.915)

All patients 95/48 87/26 0.447 (0.277–0.722)

Macitentan 10 mg

versus placebo

hazard ratio (95% CI)

Placebo Macitentan

10 mg

Patients/events n

Incident 36/23 34/13 0.396 (0.198–0.789)

0.6024

Time to death due to PAH or hospitalisation for PAH up to EOT

Prevalent 59/17 53/7 0.382 (0.158–0.922)

All patients 95/35 87/13 0.310 (0.164–0.587)

Incident 36/18 34/6 0.225 (0.088–0.573)

0.4141

Time to death of all causes up to EOS

Prevalent 59/16 53/7 0.423 (0.174–1.030)

All patients 95/24 87/11 0.443 (0.217–0.904)

Incident 36/8 34/4 0.484 (0.145–1.608)

0.8764

0.1

Favours active Favours placebo

Hazard ratio

p-value for interaction
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FIGURE 2 Forest plot of risk of time to event end-points in treatment-naïve incident and prevalent cohorts of patients with pulmonary arterial
hypertension (PAH) treated with macitentan 10 mg versus placebo. EOT: end of treatment; EOS: end of study.
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and prevalent patients, respectively (figure 3). These estimates correspond to more than twice the risk of
occurrence of an event throughout the entire treatment period, for incident versus prevalent patients (HR
2.47, 95% CI 1.27–4.83; log-rank p=0.006). After adjustment for baseline variables that differed at the 20%
level between incident and prevalent placebo groups (geographical region, mRAP and WHO FC) and
aetiology, the HR was 1.98 (95% CI 0.89–4.43) (table S1).

The effect of macitentan 10 mg on the risk of the composite endpoint of PAH-related death or
hospitalisation is shown in figure 3. Treatment with macitentan 10 mg significantly reduced the risk of
PAH-related death or hospitalisation by 77% in incident patients (HR 0.23, 95% CI 0.09–0.57; log-rank
p=0.0007) and by 62% in prevalent patients (HR 0.38, 95% CI 0.16–0.92; log-rank p=0.026) (figure 2).
The test for interaction was nonsignificant (p=0.414), indicating no heterogeneity of the treatment effect
across the incident and prevalent cohorts. The magnitude of the treatment effect observed with macitentan
3 mg (versus placebo) was smaller than that of macitentan 10 mg (figure S1).

All-cause mortality end-point
The total number of deaths due to any cause in the incident and prevalent cohorts is shown by treatment
group in table 2. Time to death from any cause up to EOS for incident and prevalent cohorts is shown in
figure 4.

Although more deaths occurred in the prevalent group than expected, compared with the incident group,
there was no statistically significant difference in the risk of all-cause mortality up to EOS between the two
cohorts (HR 0.79, 95% CI 0.34–1.84; log-rank p=0.587). After adjustment for baseline variables that
differed at the 20% level between incident and prevalent placebo groups (geographical region, mRAP and
WHO FC) and aetiology, the HR was 0.43 (95% CI 0.14–1.28) (table S1). Overall, most of the deaths
occurred relatively early in the study (table S2a and b).

Baseline characteristics of the patients that died are summarised in table S2a. The functional characteristics
(haemodynamic parameters, WHO FC and 6MWD) of the prevalent patients who died were more severe
than those of the incident patients who died and more severe than the overall prevalent cohort (tables 1
and S2a and b).

The treatment effect of macitentan 10 mg was examined on the time to all-cause mortality up to EOS in
the incident and prevalent cohorts. The HRs for all-cause mortality in patients treated with macitentan
10 mg were 0.48 (95% CI 0.15–1.61, log-rank p=0.225) and 0.42 (95% CI 0.17–1.03, log-rank p=0.051) for
the incident and prevalent patients, respectively (figure 2), with no heterogeneity across the incident and
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FIGURE 3 Effect of macitentan 10 mg on pulmonary arterial hypertension-related death or hospitalisation in
treatment-naïve incident and prevalent cohorts.
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prevalent cohorts (interaction p=0.876). The magnitude of the treatment effect for macitentan 3 mg
(versus placebo) was smaller than that of macitentan 10 mg (figure S1).

Safety
Incident patients who received placebo, macitentan 3 mg or macitentan 10 mg were exposed to the study
drug for a median (interquartile range) of 41.2 (21.9–97.6), 123.3 (50.4–139.0) and 122.4 (38.4–147.1)
weeks, respectively. Prevalent patients were exposed to placebo, macitentan 3 mg or macitentan 10 mg for
a median of 111.0 (27.1–146.3), 119.3 (46.7–148.3) and 122.4 (82.3–151.6) weeks, respectively (table 3).
Adverse events associated with ERAs, such as nasopharyngitis, respiratory tract infections, oedema and
headache, were more common in patients receiving macitentan than placebo, irrespective of whether they
were incident or prevalent (table 3). There was a greater incidence of syncope and right ventricular failure
in placebo incident patients than in placebo prevalent patients. The incidence of clinical laboratory
abnormalities was low in each cohort across treatment groups.

Discussion
In this post hoc analysis of treatment-naïve patients in the SERAPHIN study, a greater proportion of
incident patients experienced disease progression events compared with prevalent patients, yet there was
no difference in the risk of all-cause death between the cohorts. The differences in disease progression
were observed despite there being no clinically significant differences in baseline haemodynamics between
the incident and prevalent cohorts. During the study, macitentan 10 mg improved long-term outcomes in
both incident and prevalent patients, as evidenced by a reduction in the risk of disease progression events,
regardless of the time from diagnosis.

Data from national PAH registries in France and in the USA highlight that newly diagnosed PAH patients
have a worse prognosis than prevalent patients [2, 4]. This analysis of incident and prevalent cohorts from
SERAPHIN, which is the first time, to our knowledge, that a comparison of outcomes in these subgroups
has been evaluated in a randomised controlled setting, provides similar observations for disease
progression based on two composite end-points: time to first morbidity or mortality event and time to
first PAH-related death or hospitalisation. These end-points were driven by PAH worsening and
hospitalisation for PAH, respectively; the number of deaths contributing to each of these end-points was
low, as patients usually experience progression of their disease before death.

The analysis in this global study showed no difference between the two cohorts in terms of all-cause
mortality up to EOS. These findings were unexpected, since registry data have shown poorer survival
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FIGURE 4 Effect of macitentan 10 mg on all-cause mortality up to end of study in treatment-naïve incident
and prevalent cohorts.

1718 DOI: 10.1183/13993003.00364-2015

PULMONARY VASCULAR DISEASE | G. SIMONNEAU ET AL.



among incident patients compared with prevalent patients [2, 4, 5]. Nevertheless, prevalent patients still
experience disease worsening and deteriorate over time. The prevalent cohort had a mean time from
diagnosis to enrolment of ∼4 years, indicating that some patients may have been approaching the end
stage of their disease. The Kaplan–Meier plot shows that most of these deaths occurred in the first
6 months. Notably, the majority of the deaths in the prevalent cohort occurred in countries where access
to PAH treatment may be limited. The baseline characteristics of the prevalent patients who died in this
study, including cardiac index, mRAP, FC and 6MWD, which are prognostic for survival [17], suggest that
their disease was more advanced compared with the overall population. The observed outcomes and
geographical differences of the incident and prevalent cohorts indicate a discrepancy between incident and
prevalent outcomes in countries that have access to PAH therapies and countries where access may be
limited. Participation in a clinical trial may be the only treatment alternative for patients in the latter.
These findings highlight important differences in the natural history of these disparate populations that
should be considered in the design of future clinical trials.

The observed safety profile of macitentan 10 mg in the incident and prevalent cohorts was consistent with
that of the overall study population [13]. Adverse events in the overall SERAPHIN population that were more
frequently associated with macitentan than placebo were headache, nasopharyngitis and anaemia. In the
current analysis of incident and prevalent cohorts, respiratory tract infections were slightly higher with active
treatment versus placebo. In the treatment-naïve incident patients, peripheral oedema was reported more
frequently with macitentan 10 mg than placebo. These data should be interpreted within the context of the
substantially longer exposure to the active drug compared with placebo (122 versus 41 weeks).

These analyses have several potential limitations. They are exploratory, and the sample size in the subgroups
should be considered. In addition, as patients were not stratified by time from diagnosis or background PAH
therapy (robustness analysis), there was potential for imbalance between treatment groups. The difference in
outcome between the incident and prevalent placebo cohorts may be accentuated by the slight imbalance in
baseline WHO FC. Other baseline characteristics not assessed in the study could account for differences in
outcome between the incident and prevalent patients. In addition, the potential for a survivor bias and its
impact on the results should be considered. There is probably an over-representation of survivors in the
prevalent group, as this group is composed of patients who survived for ⩾6 months after their initial
diagnosis. In contrast, the incident group is likely to be composed of a mixture of patients who rapidly

TABLE 3 Exposure to study drug, most frequent adverse events and laboratory abnormalities in treatment-naïve incident and
prevalent cohorts

Incident Prevalent

Placebo Macitentan Placebo Macitentan

3 mg 10 mg 3 mg 10 mg

Patients n 36 40 34 59 45 53
Exposure to study drug weeks

median (interquartile range)
41.2 (21.9–97.6) 123.3 (50.4–139.0) 122.4 (38.4–147.1) 111.0 (27.1–146.3) 119.3 (46.7–148.3) 122.4 (82.3–151.6)

Adverse event# n (%)
Nasopharyngitis 4 (11.1) 8 (20.0) 5 (14.7) 6 (10.2) 7 (15.6) 12 (22.6)
Upper respiratory tract infection 3 (8.3) 8 (20.0) 5 (14.7) 3 (5.1) 7 (15.6) 8 (15.1)
Viral respiratory tract infection 0 (0) 5 (12.5) 5 (14.7) 6 (10.2) 3 (6.7) 7 (13.2)
Urinary tract infection 1 (2.8) 1 (2.5) 2 (5.9) 2 (3.4) 1 (2.2) 6 (11.3)
Bronchitis 1 (2.8) 3 (7.5) 3 (8.8) 4 (6.8) 4 (8.9) 8 (15.1)
Cough 3 (8.3) 4 (10.0) 4 (11.8) 6 (10.2) 2 (4.4) 5 (9.4)
Headache 2 (5.6) 6 (15.0) 5 (14.7) 4 (6.8) 4 (8.9) 7 (13.2)
Dizziness 1 (2.8) 3 (7.5) 5 (14.7) 4 (6.8) 3 (6.7) 4 (7.5)
Syncope 5 (13.9) 6 (15.0) 2 (5.9) 1 (1.7) 1 (2.2) 1 (1.9)
Hypotension 3 (8.3) 2 (5.0) 0 (0) 3 (5.1) 2 (4.4) 8 (15.1)
Peripheral oedema 4 (11.1) 5 (12.5) 7 (20.6) 5 (8.5) 6 (13.3) 7 (13.2)
Right ventricular failure 9 (25.0) 3 (7.5) 6 (17.6) 9 (15.3) 7 (15.6) 4 (7.5)

Laboratory abnormalities n/N (%)
ALT or AST >3×ULN 2/34 (5.9) 2/39 (5.1) 2/33 (6.1) 0/58 (0) 1/45 (2.2) 3/52 (5.8)
ALT or AST >3×ULN and
bilirubin >2×ULN

0/34 (0) 0/38 (0) 0/30 (0) 0/53 (0) 1/43 (2.3) 1/52 (1.9)

Haemoglobin ⩽10 g·dL−1 0/34 (0) 0/38 (0) 2/30 (6.6) 1/53 (1.9) 1/43 (2.3) 2/52 (3.8)

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ULN: upper limit of normal. #: occurring in >10% of at least one treatment
arm in either cohort.
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decline and those who have better outcomes. The latter patients in the incident group would, if sampled at a
later stage, be included in the prevalent group. A similar survivor bias has been observed in other diseases,
including some cancers [7, 18, 19]. Geographical differences in treatment availability could also influence
outcomes. Overall, there were few deaths contributing to the disease progression composite end-points; the
results should be interpreted with caution.

These data indicate a higher risk for PAH progression in incident patients compared with prevalent
patients, although the risk of death between groups was similar. Nevertheless, these findings highlight the
importance of initiating treatment in patients as soon as PAH is diagnosed. Furthermore, the analysis
provides evidence to support the use of macitentan as an effective first-line therapy for delaying disease
progression in both newly diagnosed and prevalent patients with PAH.
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