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The Consistent Effectiveness and Safety 
of Macitentan Therapies Across Idiopathic 
and Congenital Heart Disease-Associated 
PulmonaryArterial Hypertension:  
A Single-Center Experience

ABSTRACT

Background: In this single-center study, we evaluated efficacy and safety issues and pre-
dictors of survival in patients with idiopathic and congenital heart disease-associated 
pulmonary arterial hypertension who were under macitentan therapies.

Method: Our study retrospectively evaluated 221 patients with pulmonary arterial 
hypertension enrolled in our single-center study, and mono, dual, and triple macitentan 
therapies were noted in 30, 115, and 76 patients, respectively. The longitudinal changes in 
clinical, neurohumoral, and echocardiographic measures of pulmonary arterial hyperten-
sion were evaluated. The Registry to Evaluate Early and Long-Term Pulmonary Arterial 
Hypertension Disease Management, Registry to Evaluate Early and Long-Term Pulmonary 
Arterial Hypertension Disease Management 2.0, and Registry to Evaluate Early and Long-
Term Pulmonary Arterial Hypertension Disease Management Lite 2 scores  at baseline, 
Swedish PAH Registry, Comparative Prospective Registry of Newly Initiated Therapies 
for Pulmonary Hypertension registry, and French Pulmonary Hypertension Network reg-
istry risk status both at baseline and first control were assessed.

Result: The median follow-up period was 1068 [415-2245] days. Macitentan was asso-
ciated with significant improvements in functional class, 6-minute walk distance, 
N-terminal pro-brain natriuretic peptide (NT-proBNP), and echocardiographic measures 
without any deterioration of hemoglobin or hepatic enzymes. The low-risk scores with 
each model at baseline and/or first control are related to significantly better survival. 
Age, gender, and log-NT-proBNP in time-fixed and idiopathic pulmonary arterial hyper-
tension, and log-NT-proBNP in time-dependent Cox proportional hazard regression 
analyses were independent predictors of mortality.

Conclusion: Mono- or sequential combination macitentan therapies were associated with 
sustained benefits in functional class, 6-minute walk distance, NT-proBNP, and echocar-
diographic measures in patients with idiopathic pulmonary arterial hypertension and con-
genital heart disease-associated pulmonary arterial hypertension, and low-risk scores at 
baseline and/or first controls can be translated to better survival.

Keywords: Macitentan, pulmonary arterial hypertension, Eisenmenger syndrome, 
REVEAL-Lite 2, COMPERA, SPAHR

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a progressive and eventually lethal dis-
ease caused by obliteration of pulmonary arterial vasculature by hypertrophied 
endothelial, smooth muscle, and adventitial cells, fibrous tissue overgrowth, and 
concentric remodeling that increase right ventricular afterload and result in right-
sided heart failure.1-3 Among the 3 signaling pathways that have been known to be 
involved in the pathogenesis of PAH, the role of the endothelin pathway with del-
eterious effects of endothelin-1 mediated by both the endothelin A and the endo-
thelin B receptors has been well established.1-3 Following the approval of bosentan 
and ambrisentandrugs for the treatment of idiopathic PAH (IPAH), hereditary or 
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drug-associated PAH, PAH associated with congenital heart 
disease (CHD-APAH) or connective tissue diseases, and other 
PAH forms,3-13 macitentan was developed as third endothelin 
receptor antagonist exhibiting a high and sustained binding 
affinity to both endothelin receptors with a deep tissue pen-
etration, and long elimination half-life of the main drug and 
its metabolite provides once-daily dosing regimen.14

The Study with an Endothelin Receptor Antagonist in 
Pulmonary Arterial Hypertension to Improve Clinical 
Outcome (SERAPHIN), a double-blind, event-driven, phase 
III, randomized clinical trial, demonstrated that macitentan 
versus placebo, either as monotherapy or as part of sequen-
tial combination therapy, was associated with significant 
and clinically relevant long-term improvements in combined 
morbidity/mortality end-point, hemodynamic and neuro-
humoral surrogates in patients with PAH.15,16 Moreover, to 
describe the real-world efficacy and safety profile of maci-
tentan in patients with PAH, 2 studies have been designed 
in the United States. The OPsumit® USers registry (OPUS) 
was a long-term, prospective, multicenter, and observa-
tional registry of patients newly treated with macitentan, 
while OPsumit® Historical USers cohort (OrPHeUS) study 
was a retrospective, multicenter, US medical chart review.17,18 
The combined OPUS and OrPHeUS data set comprising a 
large population of PH patients with a considerable expo-
sure time provided important insights consistent with those 
observed in clinical trials.17,18 However, the second random-
ized, double-blind, placebo-controlled, multicenter study 
Macitentan in Eisenmenger Syndrome to Restore Exercise 
Capacity (MAESTRO) trial did not meet its primary end-
point of the change from baseline in 6-minute walk distance 
(6MWD) or many secondary endpoints and evoked a contro-
versy regarding the efficacy of macitentan in Eisenmenger 
syndrome (ES) subset.19,20

In this retrospective observational study based on our single-
center experience, we aimed to evaluate the effectiveness 
and safety of mono- or sequential combination therapies 
with macitentan in patients with different forms of PAH and 
to assess the reliability of currently available risk prediction 
models in this patient population.

METHODS

Our study group comprised a subgroup of 221 patients (age: 
46.7 + 17.9, female 162, 73.3%) with PAH who were under 
mono- or sequential combination therapies with maciten-
tan extracted from 940 patients with pulmonary hyperten-
sion recruited in our single-center EvalUation of Pulmonary 
Hypertension Risk Factors AssociaTEd with Survival study.

The diagnostic algorithms, hemodynamic confirmation, 
clinical sub-classification of PH, and incident and prevalent 
PAH definitions have been based on the recommendations 
of the European Society of Cardiology/European Respiratory 
Society 2015 PH Guidelines.1 For hemodynamic definitions 
of pulmonary hypertension on right heart catheterization, 
the cut-off value of mean pulmonary arterial pressure of 
≥25 mm Hg has been adopted. For pre-capillary pulmonary 
hypertension diagnosis, pulmonary arterial wedge pressure 
(PAWP) ≤ 15 mm Hg and pulmonary vascular resistance (PVR) 
≥ 3 Wood units criteria have also been included.1

According to the clinical etiologies of PAH, longitudinal 
changes in the World Health Organization functional class 
(FC), 6MWD, blood biochemistry, and cell counts, NT-proBNP, 
and echocardiographic and invasive hemodynamic measures 
of the pulmonary circulation and right heart functions, and 
Swedish PAH Registry (SPAHR),21 Comparative Prospective 
Registry of Newly Initiated Therapies for Pulmonary 
Hypertension (COMPERA) registry22,23 and 4- and 3-com-
ponent French Pulmonary Hypertension Network (FPHN) 
registry low-risk models24 both at baseline and first control 
visit, and baseline risk scores as assessed by The Registry to 
Evaluate Early and Long-Term PAH Disease Management 
(REVEAL), REVEAL 2.0, and its abridged version, 6-compo-
nent REVEAL Lite 2 scores25-29 were calculated.

All patients who were under regular follow-up have been 
informed, and a written informed consent was obtained 
from each patient, and the study protocol was reviewed and 
approved by the Institutional Ethics Committee (decision 
number of registry:2013.3/4). This study was conducted in 
accordance with the Declaration of Helsinki.

Statistical Analysis
The normality of continuous variables was assessed using 
Shapiro–Wilk’s test and histogram. Numerical variables 
were expressed as mean ± standard deviation or median and 
interquartile ranges (IQR: 25th-75th) according to distribu-
tion. Discrete data were shown as percentages and absolute 
numbers. For continuous data comparison according to sur-
vival status, we used the t-test or Mann–Whitney U test; for 
discrete data comparison according to survival status, we 
used the Pearson chi-square test. For longitudinal changes, 
continuous data comparison was made using the analysis of 
variance or Kruskal–Wallis’s test according to normality of 
data, and pairwise comparison was made using Tukey HSD 
or Bonferroni multiple comparison test.

The main candidate predictor was age, gender, and clinical 
subgroups such as IPAH or CHD-APAH, while other candi-
date variables were chosen according to the literature.1-3,21-30 
Adjustment variables were determined as FC, 6MWD, 

HIGHLIGHTS
• An assessment of the reliability of currently available 

risk prediction models in the pulmonary hypertension 
patient population is needed.

• Regardless of the type of pulmonary hypertension, 
mono- or sequential combination macitentan thera-
pies were associated with significant and sustained 
improvements in functional class, 6 minutes walking 
distance, NT-proBNP, echocardiographic measures of 
pulmonary hemodynamics, and right ventricular longi-
tudinal function compared to baseline.

• The low-risk scores at baseline and/or first controls 
 discriminated candidates for a better survival under 
macitentan therapies.
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cardiac index, right atrial area, mono- or combination ther-
apy, incident or prevalent PAH, NT-proBNP, and tricuspid 
annular plane systolic excursion (TAPSE).

To examine the relationship between all-cause mortality and 
measures of adjustment variables, Cox proportional hazard 
regression analyses with time-fixed and time-dependent 
models were used. First, the candidate variables known as 
prognostic according to expert opinion and literature were 
used in the model.1-3,21-30 We used stepwise Cox proportional 
hazard regression analyses with an alpha value chosen as 
0.25. The variables with an alpha value lower than 0.25 were 
included in time-fixed and time-dependent Cox regression 
analysis.

The cumulative risk of all-cause mortality was displayed 
using corresponding Kaplan–Meier plots. For all statisti-
cal analyses, we used R-software v. 4.02 with “survival,” 
“survminer,” “ggplot2,” and “hmisc” packages (Vienna, 
Austria).

RESULTS

Baseline measures of patients including clinical subgroups of 
PAH, FC, 6MWD, NT-proBNP, baseline risk scores as assessed 
by REVEAL, REVEAL 2.0, REVEAL Lite 2, SPAHR, COMPERA, 
and 4- and 3-component FPHN low-risk models, and treat-
ment patterns are presented in Table 1. Because invasive 
hemodynamic data were required for REVEAL, REVEAL-2.0 
COMPERA, SWEDISH, and 4-component FPHN models, only 
patients who had catheter data of the last 1 month before 
the initiation of macitentan therapies were included, and 
126 of the survivors and 31 of the deceased patients were 
analyzed. However, 3-component FPHN and REVEAL Lite 2 
based on non-invasive measures were used in all patients.

Macitentan was noted to be used as monotherapy in 30 
(13.6%) and as a part of dual and triple sequential combina-
tion therapies in 115 (52%) and 76 (34%) patients, respectively 
(Table 1). Switching from bosentan to macitentan was doc-
umented in 105 patients, and 6 (5.7%) of them remained on 
monotherapy, while 99 (94.3%) patients were on dual or triple 
combination therapies.

Follow-up duration from diagnosis was 35.5 (13.8-74.3, IQR 
25th-75th) months, and time from initiation or switching to 
macitentan therapy was 17 (7.9-27.1, IQR 25th-75th) months. 
Longitudinal changes in risk scores, FC, 6MWD, NT-proBNP, 
blood biochemistry and cell counts, and echocardiographic 
and invasive hemodynamic measures of the pulmonary cir-
culation and right heart functions across the periodical con-
trol examinations are presented in Table 2. The FC, 6MWD, 
NT-proBNP, pericardial effusion, right atrial area, TAPSE, 
annular systolic tissue velocity, pulmonary arterial systolic, 
and mean pressures estimated by Doppler showed signifi-
cant improvements during the longitudinal follow-up period, 
whereas hemoglobin, alanine, and aspartate aminotransfer-
ase levels remained stable (Table 2).

Totally 43 (19.4%) patients died. Univariate time-fixed 
and time-dependent Cox proportional hazard regression 

analyses revealed that age, IPAH, FC, 6MWD, cardiac index, 
log-NT-proBNP, tricuspid annul ar-pl ane-s ystol ic-ex cursi 
on, and right atrial area were associated with mortality 
(Table 3). Age, gender, and log-NT-proBNP were associated 
with mortality in multiple time-fixed Cox proportional haz-
ard regression analyses, while IPAH and log-NTproBNP were 
associated with mortality in multiple time-dependent Cox 
proportional hazard regression analyses (Table 3). Kaplan–
Meier survival estimates according to the baseline and 
control scores by SPAHR, COMPERA, and FPHN risk models 
showed that low-risk compared with moderate or high-risk 
status at baseline and at first control (3-6 months following 
the initiation of macitentan) was significantly associated 
with better survival (Figure 1a-f). The REVEAL, REVEAL 2.0, 
and REVEAL-Lite 2 scores showed comparable relationships 
with 1-year predicted survival probability (Figure 2a-c).

DISCUSSION

In this single-center study, regardless of the idiopathic PAH 
or CHD-APAH etiology, mono- or sequential combination 
macitentan therapies were associated with significant and 
sustained improvements in FC, 6MWD, NT-proBNP, echo-
cardiographic measures of pulmonary hemodynamics, and 
right ventricular longitudinal function compared with base-
line. Age, gender, and log-NT-proBNP in multiple time-fixed 
Cox proportional hazard regression analyses, and IPAH and 
log-NT-proBNP in multiple time-dependent Cox propor-
tional hazard regression analyses predicted a higher risk of 
mortality. The low-risk scores according to the currently 
available multiparametric models at baseline and/or first 
3- to  6-month controls discriminated against patients with 
better survival under macitentan therapies.

Following the SERAPHIN randomized clinical trial demon-
strating the significant long-term improvements in combined 
morbidity/mortality end-point, hemodynamic and neuro-
humoral surrogates in patients with PAH with macitentan, 
either as monotherapy or part of sequential combination 
therapy,15,16 OPUS prospective and OrPHeUS retrospective, 
multicenter registries have confirmed efficacy and safety 
of macitentan in a large population with PAH.17,18 Macitentan 
and tadalafil combination was documented in 27.5% of the 
OPUS and OrPHeUS patients with PAH, and 30% of these 
were an upfront combination. Incident PAH was noted in 
72.7%. The 12-month Kaplan–Meier estimates for freedom 
from hospitalization and overall survival rates were 63.3% 
(57-68.9) and 89% (84.4-92.3), respectively.17,18 Although 
follow-up data remain limited, the low rates of double or 
triple combination therapies at 6 months after initiation of 
macitentan suggest the slow adoption of early combination 
therapy in their real-world practice.17,18 This trend is markedly 
different from those in our series, in which dual and triple 
combination therapies were utilized in 54.6% and 32.3% of 
patients, respectively.

In the Right vEntricular remodeling in Pulmonary ArterIal 
hypeRtension (REPAIR) study evaluating the effects of 
macitentan on RV structure and function in PAH, maciten-
tan treatment resulted in significant and clinically relevant 
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Table 1. Comparisons of Baseline Characteristics of Overall Patients, Survivors, and Non-survivors

Overall Patients (n = 221) Survivors (n = 178) Non-survivors (n = 43) P

Sex, female (%) 162 (73.3) 135 (75.8) 27 (62.8) .083

Age (median [IQR]) 42 (32; 63) 40.9 (28.8; 58.8) 58.0 (36.2; 70.7) .012

Hgb (g/dL) 13.5 (11.9; 15.2) 13.6 (12; 15.3) 13.2 (10.6; 14.9) .003

ALT (µ/L) 15.9 (10.1; 23.0) 16.0 (11; 23.0) 1508 (10.0; 21.0) .435

AST (µ/L) 22.0 (18.0; 27.0) 21.0 (18.0; 27.0) 22.0 (17.0; 28.0) .785

Follow-up 1 (median [IQR]) 513 (237; 817 598 (284; 879) 280 (122; 446) <.001

Follow-up 2 (median [IQR]) 1068 (415; 2245) 1114 (476; 2482) 545 (215; 1770) .011

Subgroup (%) <.001

 CHD-APAH 112 (48.9) 99 (53.8) 13 (28.9)

 IPAH 109 (47.5) 79 (42.9) 30 (66.7)

Prevalent = 1 (%) 199 (90.0) 158 (88.8) 41 (95.3) .192

Cath — PASP (mm Hg) (median [IQR]) 92 (68; 116) 92.0 (67.0; 117.0) 93.0 (70.0; 112.0) .944

Cath — PAMP (mm Hg (median [IQR]) 56 (42; 75) 56.0 (42.0; 75.0) 55.0 (43.0; 75.0) .854

Cardiac Index (l/min/m2) (median [IQR]) 2.3 (2.0; 3.0) 2.4 (2.1; 3.1) 2.2 (1.8; 2.6) .053

PVR (Wood units) (median [IQR]) 10.2 (5.0; 15.6) 11.0 (5.5; 15.0) 12.0 (7.5 ;20.0) .102

PVR/SVR (median [IQR]) 0.46 (0.28; 0.72) 0.5 (0.3; 0.7) 0.6 (0.4; 0.9) .104

RAP (mm Hg) (median [IQR]) 8.0 (5.0; 11.0) 8.0 (6.0; 11.0) 8 (5.0; 13.0) .996

FC (median [IQR]) 3.0 (3.0; 4.0) 3.0 (3.0;3.0) 4.0 (3.0;4.0) <.001

6MWD (minutes) (median [IQR]) 330 (135; 390) 345 (194; 393) 150 (35; 308) <.001

Echo — PASP (mm Hg) (median [IQR]) 85.0 (65.0; 108.0) 90 (65.0; 105.0) 106.0 (71.0; 125.0) .122

Echo — PAMP (mm Hg) (median [IQR]) 55.0 (44.0; 70.0) 55.0 (43.0; 68.0) 65.0 (47.0; 75.0) .142

TAPSE (cm) (median [IQR]) 2.0 (1.5; 2.3) 2.1 (1.6; 2.4) 1.4 (1.40; 2.0) .023

St (cm/s) (median [IQR]) 12 (9.9;14.2) 12.4 (9.6; 14.5) 10.8 (9.6; 11.7) .183

RA area (cm2) (median [IQR]) 23.2 (18.0; 30.0) 22.0 (16.6; 29.7) 28.2 (21.5; 31.5) .037

Pericardial effusion (%) 24 (10.5) 16 (9.0) 8 (18.6) .077

NT-pro BNP (pg/mL) (median [IQR]) 560 (200; 1667) 472.0 (179.0; 1397.0) 1486.0 (405.0; 2924.0) .001

REVEAL (median [IQR]) 8 (7.0; 10) 8 (7; 10.0) 10 (8.0; 11.0) .023

REVEAL 2.0 (median [IQR]) 8 (6; 11) 8 (5.0; 10.0) 11 (7; 13) <.001

COMPERA (median [IQR]) 1.8 (1.3; 2.3) 1.80 (1.31; 2.10) 2.0(1.4; 2.6) .103

SWEDISH (median [IQR]) 1.67 (1.29; 2.14) 1.6 (1.2; 2.0) 1.8 (1.4; 2.4) .042

FPHN-invasive (median [IQR]) 1.0 (0.0; 1.0) 1.0 (0.0; 1.0) 0.0 (0.0; 1.0) .023

REVEAL-Lite 2 (median [IQR]) 7 (6.0; 10.0) 7(6-9) 10 (8-12) <.001

REVEAL (%) .013

 ≤6 25 (15.9) 23 (18.3) 2 (6.5)

 7-8 57 (36.3) 50 (39.7) 7 (22.6)

 ≥9 75 (47.7) 53(42.1) 22 (71)

REVEAL 2.0 (%) <.001

 ≤6 44 (28.0) 43 (34.1) 1 (3.2)

 7-8 9 (24.8) 32(25.4) 7(22.6)

 ≥9 74 (47.1) 51 (40.5) 23 (74.2)

COMPERA (%) <.001

 Low 19 (12.1) 19 (15.1) 0

 Moderate 88 (56.0) 75(59.5) 13 (41.9)

 High 50 (31.8) 32 (25.4) 18 (58.1)

SWEDISH (%) <.001

 Low 13 (8.2) 13 (13.5) 0

 Moderate 97 (61.7) 83 (65.9) 14 (45.2)

 High 43 (27.3) 26 (20.6) 17 (54.8)

(Continued)
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improvements in both primary end-points of RV stroke vol-
ume [12  mL increase (96% confidence level: 8.4-15.6 mL; 
P < .0001)] with cardiac magnetic resonance (CMR) and 
PVR [decrease of 38% (99% confidence level: 31%-44%; P < 
.0001)] at week 26.30 Significant, consistent, and sustain-
able improvements were also documented in secondary and 
exploratory CMR, hemodynamic, and functional measures 
at weeks 26 and 52.30 Moreover, the upfront combination 
with macitentan and phosp hodie stera se-5- inhib itors  was 
found to provide highest improvements in RV stroke volume 
and PVR.30

On the other hand, cOmbination theraPy of maciTentan 
and tadalafIl in patients with newly diagnosed pulMonary 
Arterial Hypertension (OPTIMA), a prospective, single-arm, 
open-label, phase IV trial, in patients with newly diagnosed 
PAH, showed that upfront macitentan and tadalafil combi-
nation was related to significant improvements in PVR (47% 
reduction from baseline) and other measures of cardiopul-
monary hemodynamics, FC, 6MWD, and NT-proBNP at week 
16 without any unexpected safety concerns during long-term 
follow-up.31 Upfront macitentan and riociguat combination 
therapy was also reported to improve clinical and functional 

Overall Patients (n = 221) Survivors (n = 178) Non-survivors (n = 43) P

REVEAL-Lite 2 (%) <.001

 Low 46 (20.0) 45 (24.5) 1 (2.2)

 Moderate 72 (31.4) 62(33.7) 10 (22.2)

 High 111 (48.4) 77(41.8) 34 (75.6)

FPHN — 4-component low-risk criteria 
number (%)

.353

 0 71 (45.2) 53 (42.1) 18 (58.1)

 1 53 (33.7) 45 (35.7) 8 (25.8)

 2 24 (15.2) 19(15.1) 5 (16.1)

 3 7 (4.4) 7 (5.6) 0 (0.0)

 4 2 (1.2) 2(1.6) 0 (0.0)

FPHN — 3-component low-risk criteria 
number (%)

.005

 0 151 (68.3) 111 (62.3) 38 (88.3)

 1 41 (18.5) 36 (20.2) 5 (11.7)

 2 14 (6.3) 14 (7.8) 0 (0.0)

 3 15 (6.8) 17 (9.5) 0 (0.0)

Monotherapy (%) 30 (13.6) 25 (14) 5 (11.6) .683

Dual combination (%) 115 (52.0) 95 (53.4) 20 (46.5) .318

 Macitentan + riociguat 2 (0.9) 1 (0.56) 1 (2.3)

 Macitentan + sildenafil 29 (13.1) 25 (14.0) 4 (9.3)

 Macitentan + tadalafil 85 (38.4) 71 (39.3) 14 (32.5)

 Macitentan + inhaled iloprost 2 (0.9) 1 (0.56) 1 (2.3) 

Triple combination (%) 76 (34.0) 58 (32.5) 18 (41.9) .179

 Macitentan + sildenafil + treprostinil 4 (1.8) 1 (0.56) 3 (7.0)

 Macitentan + sildenafil + inhaled iloprost 8 (3.6) 5 (2.8) 3 (7.0)

 Macitentan + tadalafil + epoprostenol 1 (0.4) - 1 (2.3)

 Macitentan + tadalafil + treprostinil 9 (4.0) 5 (2.8) 4 (9.3)

 Macitentan + tadalafil + inhaled iloprost 35 (15.8) 29 (16.3) 6 (14.0)

 Macitentan + tadalafil + selexipag 13 (5.8) 12 (6.7) 1 (2.3)

 Macitentan + sildenafil + selexipag 2 (0.9) 2 (1.12) -

 Macitentan + riociguat + selexipag 3 (1.3) 3 (1.7) -

 Macitentan + riociguat + inhaled iloprost 1 (0.4) 1 (0.56) -
Continuous variables given as IQR (interquartile range) (25th-75th).
Because invasive hemodynamic data were required for REVEAL, REVEAL-2.0, COMPERA, SWEDISH, and 4-component FPHN models, only patients 
who had catheter data in the last 1 month before initiation of macitentan therapies were included, and 126 of the survivors and 31 of the deceased 
patients were analyzed. However, 3-component FPHN and REVEAL-Lite 2 based on non-invasive measures were used in all patients.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; Cath — PASP, catheter pulmonary artery systolic pressure; Cath — PAMP, catheter 
pulmonary artery mean pressure; PVR, pulmonary vascular resistance; SVR, systemic vascular resistance; RAP, right atrial pressure; FC, functional 
class; 6MWD, 6 minute walking distance; Echo-PASP, echocardiographic pulmonary artery systolic pressure; Echo-PAMP, echocardiographic pulmo-
nary artery mean pressure; TAPSE, tricuspid annular planar systolic excursion; St, right ventricular systolic velocity; RA area, right atrial area; NT-pro 
BNP, N-terminal peptide of brain natriuretic peptide.

Table 1. Comparisons of Baseline Characteristics of Overall Patients, Survivors, and Non-survivors (Continued )
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status, PVR, and other hemodynamic measures in patients 
with PAH, and was associated with an 85% transplant-free 
survival in the third year.32 In the recently published TRITON 
trial comparing upfront macitentan and tadalafil double 
combination versus upfront macitentan, tadalafil and selex-
ipag triple combination, a decrease in PVR at week 26 com-
pared with baseline as the primary endpoint and changes in 
6MWD and NT-proBNP as secondary exploratory endpoints 
were not different between treatment arms.33 More impor-
tantly, the reduction in PVR with the double combination was 
52% and was higher than previously reported PVR reductions 
ranging from 35% to 50% in various upfront or sequential 
combination series.15,16,30-33 Moreover, this benefit seems to 
be higher than the critical threshold of 40% reduction in PVR 
which has been documented to be a novel prerequisite for a 
satisfactory right ventricular reverse remodeling.34-36

A recently published real-world prospective study evaluated 
the transition from ambrisentan to macitentan in patients 
with PAH. The IPAH or drug-associated PAH and CHD-APAH 
were noted in 25% and 60.7% of patients, respectively.37 
Switching to macitentan was found to be associated with 
progressive improvements in echocardiographic measures 
of right ventricular function and pulmonary arterial systolic 
pressure estimates, functional class, 6MWD, NT-proBNP, 
quality of life, and REVEAL scores over a 12-month period.37 

This study may provide important insights for into escalation 
strategies because of the similarity of PAH subgroup distri-
butions as compared to those in our country.

In a retrospective study based on United States Centers for 
Medicare and Medicaid Services national Medicare database 
comparing the mortality among the macitentan, ambris-
entan, and bosentan cohorts, macitentan was found to be 
associated with an 18% lower risk for mortality than ambris-
entan (hazard ratio: 0.82, 95% CI: 0.72-0.93; P = 0.0026) and a 
39% lower risk than bosentan (hazard ratio: 0.61, 95% CI: 0.53-
0.71; P < .0001).38 However, regardless of the ERA treatment 
index, a higher co-morbidity index, older age, and hospital-
izations at baseline were found to be independent predictors 
of mortality in overall study group.38

Because longitudinal follow-up assessment has been based 
on non-invasive evaluation of patients, in the absence of 
clinical deterioration, the PVR reduction after initiation of 
macitentan therapies has not been addressed in our study. 
Furthermore, using a prospective design, a novel echocardio-
graphic score proposed by Badagliacca et al36 might provide 
further insights into the satisfaction level of right ventricular 
reverse remodeling in response to acceptable PVR reduction.

The first randomized, double-blind, placebo-controlled, 
multicenter study, Bosentan Randomized Trial of Endothelin 

Table 2. Longitudinal Changes in the Measures Under Macitentan Therapies

Measures 0 Months 3 Months 6 Months 9 Months 12 Months Final P

FC (%) <.001

 1 2 (0.9) 2 (1.8) 1 (0.9) 1 (1.4) 3 (3.3) 2 (1.6)

 2 43 (19.4) 32 (29.3) 38 (36.1) 26 (37.1) 38 (41.8) 60 (48.0)

 3 116 (52.4) 56 (51.3) 55 (52.3) 35 (50.0) 42 (46.2) 49 (39.2)

 4 60 (27.1) 19 (17.4) 11 (10.4) 8 (11.4) 8 (8.8) 14 (11.2)

6MWD (minute) (median [IQR]) 330.0  
(150; 390)

360  
(250; 417.5)

375  
(308.75; 420)

387.5  
(286.25; 430)

382.5  
(330;440)

395  
(330;450)

<.001

Echo PASP (mm Hg) (median [IQR]) 85 (62;107) 80  
(60; 106.5)

69 (50; 100) 69.5  
(55; 93.5)

70 (55; 101) 69 (49,5; 101.5) .001

Echo PAMP (mm Hg) (median [IQR]) 55 (43;70) 56  
(41.75; 73.5)

47 (38.5; 71.5) 47.5  
(42.75; 60.5)

51 (40; 68) 52 (38; 69) .152

TAPSE (cm) (median [IQR]) 2.0  
(1.5; 2.3)

2.00  
(1.65; 2.40)

2.1 (1.8; 2.4) 2.2 (1.8; 2.5) 2.2 (1.9; 2.55) 2.07 (1.6; 2.4) .006

St (cm/s) (median [IQR]) 12.0  
(9.8; 14.2)

12.1  
(10.85; 13.7)

12.0  
(10.0; 14.0)

13.0  
(11.0; 14.7)

12.8  
(10.33; 14.0)

11.5 (10.0; 14.0) .396

RA area (cm2) (median [IQR]) 23.4  
(18.0; 30.0)

23.45  
(15.85; 28.0)

20.7  
(16.83; 25.3)

25.25  
(20.0; 28.58)

20.40  
(16.0; 25.0)

20.1  
(16.8; 28.2)

.041

Pericardial effusion (%) 21 (9.3) 11 (9.9) 8 (7.5) 2 (2.9) 9 (9.8) 11 (8.9) .594

Hemoglobin (g/dL) (median [IQR]) 13.4  
(11.8; 15.2)

13.0  
(11.6; 15.0)

13.1  
(12.05; 14.4)

12.9  
(11.5; 15.6)

13.1  
(12.28; 14.43)

13.6  
(11.9; 15.47)

.332

ALT (µ/L) (median [IQR]) 15.9  
(10.0; 23.0)

14.35  
(11.0; 20.0)

15.0  
(11.0; 19.0)

14.0  
(11.0; 18.0)

13.5  
(10.0; 20.0)

13.0  
(11.0; 18.5)

.242

AST (µ/L) (median [IQR]) 21.7  
(18.0; 27.0)

21.0  
(17.0; 25.0)

21.0  
(17.0; 25.0)

21.0  
(18.0; 25.0)

19.5  
(16.0; 23.0)

20.0  
(16.65; 24.0)

.064

NT-proBNP (pg/mL) (median [IQR]) 587  
(200; 1626)

357.5  
(145.65; 1114)

273.7  
(127.1; 1019)

330.0  
(96.36; 714.8)

181.9  
(90.2; 544.2)

235.75  
(83.14; 1006.75)

.004

FC, functional class; 6MWD, 6 minute walking distance; Echo PASP, echocardiographic pulmonary artery systolic pressure; Echo-PAMP, echocardio-
graphic pulmonary artery mean pressure; TAPSE, tricuspid annular planar systolic excursion; St, right ventricular systolic velocity; RA area, right atrial 
area; NT-pro BNP, N-terminal pro-brain natriuretic peptide.
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Antagonist Therapy-5 (BREATHE-5), showed that bosen-
tan compared with placebo was associated with significant 
reductions in pulmonary vascular resistance index and mean 
pulmonary arterial pressure and improvement in exercise 
capacity in patients with ES for 16-week period.4 The results 
of the subsequent observational research also suggested 
clinical benefits and improved survival with bosentan ther-
apy in ES.5-13 Following the BREATHE-5 study, disappointing 
results of the MAESTRO trial to meet its primary endpoint 
and many secondary endpoints remain a source of uncer-
tainty regarding the efficacy of macitentan in patients with 
ES.19,20 In comparison to the BREATHE-5 study in which only 
simple forms of ES, those in FC III, and those without Down 
syndrome or pre-existing treatment were enrolled, and the 
MAESTRO study included a more heterogeneous population 
such as more complex forms of ES, Down syndrome, broader 
FCs from II to IV, and a 27 % rate of background phosphodi-
esterase-5 inhibitor therapy.4,19,20 Moreover, the endpoints 
in these 2 trials were different. An unexpected exagger-
ated placebo effect on 6MWD during a 16-week random-
ized period of MAESTRO with further improvement in 6MWD 

after cross-over from placebo to macitentan during the 
open-label extension phase raised questions about the reli-
ability of the randomized period in this study.19 The marked 
increases in the 6MWD following the cross-over to the active 
drug at 6th and 12th months in the open-label extension phase 
of MAESTRO study were comparable to those observed 
in placebo-bosentan cross-over cohort in the open-label 
extension phase of BREATHE-5.4,19,20 In contrast to controver-
sial results in 16-week randomized period of MAESTRO, our 
results confirmed the mid- to long-term efficacy and safety 
of mono- or combination macitentan therapies in patients 
with IPAH and CHD-APAH. The improvements in clinical, 
echocardiographic, and hemodynamic measures were con-
sistent across the subgroups of PAH.

When REVEAL risk prediction model was applied to 
SERAPHIN data set, it was concluded that mortality risk 
in the placebo arm was underestimated, possibly due to 
cross-over to macitentan therapy.39 Therefore, the mor-
tality in the macitentan 10 mg arm compared with placebo 
was estimated to be 35 % lower than predicted, and this 

Table 3. Time-Fixed and Time-Dependent Univariable and Multivariable Cox Proportional Regression Analyses for Long-Term 
Mortality

Univariate Analysis

Time-Fixed Cox Model Time-Dependent Cox Model

HR, 95% CI P HR, 95% CI P

Age (year) 1.03 (1.01-1.05) <.001 1.02 (1.01-1.03) <.001

Gender (reference, male) 0.54 (0.28-1.01) .061 0.54 (0.27-1.01) .062

Diagnosis

IPAH vs. CHD-APAH 2.50 (1.28-4.84) .004 2.50 (1.28-4.84) .004

Incident vs. prevalent 0.75 (0.17-3.10) .692 0.75 (0.17-3.10) .698

FC 2.71 (1.68-4.38) <.001 3.00 (2.22-4.06) <.001

6MWD (minutes) 0.99 (0.99-0.99) .001 0.99 (0.99-0.99) .011

Cardiac index (L/min/m2) 0.59 (0.36-0.98) .042 0.59 (0.36-0.98) .042

log-NT-proBNP (pg/mL) 1.80 (1.42-2.29) <.001 1.77 (1.48-2.12) <.001

TAPSE (cm) 0.42 (0.22-0.80) .006 0.38 (0.25-0.56) <.001

RA area (cm2) 1.04 (1.02-1.07) .001 1.03 (1.01-1.05) .006

Mono versus dual/triple 1.14 (0.44-2.89) .782 1.14 (0.44-2.89) .783

Multivariate analysis

Time-Fixed Cox Model Time-Dependent Cox Model

HR, 95% CI P HR, 95% CI P

Age 1.02 (1.00-1.04) 0.032 1.01 (0.99-1.03) .133

Gender (reference, male) 0.42 (0.21-0.81) 0.013 0.85 (0.45-1.16) .063

Diagnosis

IPAH vs. CHD-APAH 1.71 (0.83-3.47) 0.126 2.78 (1.38-5.44) .004

FC 1.31 (0.41-4.20) 0.645 1.73 (0.63-4.74) .274

6MWD (minute) 0.99 (0.99-1.00) 0.653 1.00 (0.99-1.005) .982

Cardiac index (L/min/m2) 0.82 (0.48-1.41) 0.471 0.75 (0.46-1.22) .269

Log pro-BNP (pg/mL) 1.44 (1.12-1.85) 0.003 1.37 (1.05-1.78) .028

TAPSE (cm) 1.07 (0.70-1.62) 0.737 0.94 (0.65-1.35) .736

RA area (cm2) 1.01 (0.98-1.04) 0.245 0.99 (0.96-1.03) .944
FC, functional class; 6MWD, 6 minute walking distance; TAPSE, tricuspid annular planar systolic excursion; RA area, right atrial area; NT-pro BNP, 
N-terminal pro-brain natriuretic peptide; IPAH, idiopathic pulmonary arterial hypertension; CHD-APAH, congenital heart disease-associated pul-
monary arterial hypertension.
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might favor a potential survival benefit for macitentan.39 
In accordance with reported registries and series in which 
multiparametric risk models have been developed and/or 
validated or utilized,21-29,39,40 low-risk versus moderate or 
high-risk with REVEAL, REVEAL 2.0, and abridged REVEAL 
Lite 2 scores at baseline and with SPAHR, COMPERA, and 
2 FPHN risk scores at baseline and first control evaluation 
were associated with significantly better survival in our 
study. Age, gender, and log-NT-proBNP in time-fixed Cox 

proportional hazard regression analyses and IPAH and log-
NT-proBNP in time-dependent Cox proportional hazard 
regression analyses were independent predictors of mor-
tality. Hemoglobin and hepatic enzyme levels remained 
stable along with the macitentan therapies. Our results 
seem to provide important insights into management pat-
terns in patients with CHD-PAH, which accounts for nearly 
half of the PAH population in our country.9,41 The effect 
of the macitentan therapies on altered systemic arterial 

Figure 1. Kaplan–Meier survival estimates according to the baseline and first control scores after the initiation of macitentan by 
SPAHR (Figure 1A and 1B), COMPERA (Figure 1C and 1D), and FPHN (Figure 1E and 1F) models. SPAHR, Swedish Pulmonary Arterial 
Hypertension Registry; COMPERA, Comparative Prospective Registry of Newly Initiated Therapies for Pulmonary Hypertension 
registry; FPHN, French Pulmonary Hypertension Network.

Figure 2. A, B, and C. The REVEAL, REVEAL 2.0, and REVEAL Lite 2 scores showed comparable relationship with 1-year 
predicted  survival probability. REVEAL, Registry to Evaluate Early and Long-Term Pulmonary Arterial Hypertension Disease 
Management.
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vasodilatory reserves documented in these patients might 
offer further perspectives.42

Study Limitations
The retrospective nature of the analysis and absence of the 
randomization between macitentan and other endothe-
lin receptor antagonist therapies might be considered the 
main limitations of this study. Moreover, our results represent 
longitudinal changes and risk prediction in patients under 
sequential combination therapies including macitentan but 
could not be regarded as a study designed to evaluate the 
treatment effect. Novel innovative randomized trial designs 
comparing upfront double and triple combinations versus 
sequential triple combinations including riociguat, selexi-
pag, or parenteral prostanoids and utilizing the measures of 
right ventricle-pulmonary arterial coupling and adjudicated 
clinical worsening events as endpoints might provide new 
perspectives for PAH management.

CONCLUSIONS

In this single-center study, mono- or sequential combina-
tion macitentan therapies were associated with significant 
and sustained benefits in clinical, neurohumoral, and echo-
cardiographic measures of pulmonary hemodynamics and 
right ventricular function without any signal suggesting the 
failure of macitentan therapies in CHD-APAH subgroup. The 
low-risk scores at baseline and/or first controls discriminated 
candidates for better survival under macitentan therapies.
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