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Introduction
Pulmonary arterial hypertension (PAH) is a lethal 
disease characterized by elevated pulmonary arte-
rial pressure (PAP) due to remodeling of the pul-
monary arterial bed and right sided-heart failure. 
Three types of PAH-specific vasodilators target-
ing the endothelin pathway, nitric oxide pathway, 

and prostacyclin pathway have been developed. 
Combination therapy targeting these different 
pathways has recently been shown to improve 
hemodynamics, clinical functions, and even hard 
endpoints including survival or worsening of  
PAH in several recent randomized controlled tri-
als and metanalyses.1–5 The effectiveness of triple 
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combination therapy targeting all three of these 
pathways has also been reported.6–8 However, 
two such studies analyzed patients who were 
treated with two types of oral vasodilators and 
prostacyclin infusion,7,8 and another study was a 
subgroup analysis of a randomized controlled 
trial demonstrating a change in the symptom bur-
den by the addition of selexipag, a prostacyclin 
receptor agonist, to background double combina-
tion therapy targeting other pathways.6 Therefore, 
evidence of the efficacy and safety of triple oral 
combination therapy remains scarce.

The most recently approved PAH-specific vaso-
dilators targeting each of the three types of path-
ways are macitentan, which is an endothelin 
receptor antagonist (ERA); riociguat, which is a 
soluble guanylate cyclase stimulator targeting the 
nitric oxide pathway; and selexipag, which is an 
oral non-prostanoid prostacyclin receptor ago-
nist. All three of these are orally available drugs. 
The effectiveness of these vasodilators for PAH 
has recently been proven;2,3,9 however, no clinical 
trials have been performed to investigate the 
effectiveness of the combination of these three 
vasodilators. Furthermore, although the current 
guideline recommends initial oral therapy for 
patients with low or intermediate risk,10 how 
many patients with low or intermediate risk can 
actually be treated with only oral combination 
therapy remains poorly documented to date.

Therefore, the purposes of this study were to clar-
ify the clinical effectiveness and safety of triple 
oral combination therapy with macitentan, rioc-
iguat, and selexipag and to assess which risk 
groups can be adequately treated with this combi-
nation therapy.

Methods

Study design
This retrospective study was performed in Keio 
University Hospital in Japan. This study was 
approved by the Ethics Committee of Keio 
University Hospital, and written informed con-
sent was obtained from all patients when they 
received genetic tests or were hospitalized. 
Patients with PAH who had received triple oral 
combination therapy with macitentan, riociguat, 
and selexipag were evaluated among all consecu-
tive patients who were referred to Keio University 
Hospital from 2009 to 2020.

The diagnosis of PAH was made according to the 
current guideline.11 Patients who were lost to fol-
low-up or underwent maintenance hemodialysis 
were excluded. Baseline data were measured at 
the time of referral to our hospital. If patients were 
treatment-naïve upon referral to our hospital, the 
combination of macitentan, riociguat, and selex-
ipag was initiated after diagnosis. The method of 
up-titration and prioritization of the vasodilators 
as well as the selection of sequential therapy or 
upfront therapy was determined at the discretion 
of the specialized physicians. The doses of the 
vasodilators were titrated to the maximal tolerated 
doses. For patients who had already received other 
PAH-specific vasodilators at the time of enroll-
ment, these drugs targeting the endothelin path-
way, nitric oxide pathway, and prostacyclin 
pathway were switched to macitentan, riociguat, 
and selexipag, respectively, with the intention of 
further improvement of hemodynamics.

Patients received genetic counseling, and genetic 
tests were performed with informed consent. The 
methods of the genetic tests, including whole-
exome sequencing, are described in our previous 
reports.12,13

Parameters and outcomes
Dedicated cardiologists performed right-heart 
catheterization (RHC) without sedation at base-
line and follow-up. The right arterial pressure, 
mean PAP, and pulmonary arterial wedge pres-
sure were measured by RHC. The zero pressure 
point was set at the level of the midthorax. Cardiac 
output (CO) was calculated by the Fick technique 
using oxygen consumption estimated by 125 
times the body surface area according to a previ-
ous report.14 Pulmonary vascular resistance 
(PVR) was calculated as the difference between 
the mean PAP and pulmonary arterial wedge 
pressure divided by the CO.

The 6-minute walk distance (6MWD), blood 
concentration of B-type natriuretic peptide 
(BNP), and World Health Organization func-
tional class (WHO-FC) were measured at the 
time of hospitalization for RHC.

Standard two-dimensional, M-mode, and 
Doppler images, including the tricuspid annular 
plane systolic excursion (TAPSE) and right ven-
tricular systolic excursion velocity (RVS'), were 
obtained by echocardiographers in accordance 
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with the current echocardiography guideline.15 
Dedicated cardiologists analyzed the data and 
measured the right atrial area (RAA), right ven-
tricular end-diastolic area (RVEDA), right ven-
tricular end-systolic area, and right ventricular 
fractional area change (RVFAC).

Hemodynamic changes measured by RHC, echo-
cardiographic changes, and changes in the 
6MWD, BNP concentration, and WHO-FC were 
assessed from baseline to follow-up.

The events of all-cause death, hospitalization for 
heart failure, initiation of prostacyclin infusion, 
and discontinuation of any of the three vasodila-
tors (macitentan, riociguat, and selexipag) because 
of adverse events since administration of all three 
vasodilators were collected. The observation 
period was terminated when patients died, under-
went prostacyclin infusion, or stopped taking mac-
itentan, riociguat, or selexipag for any reason.

All patients enrolled in this study were divided 
into two groups by risk assessment using the 
three-category REVEAL 2.0 risk score,16 and the 
prostacyclin infusion-free rate was analyzed in 
each group. If the value was unmeasured, the 
value of zero was assigned. According to the 
three-category REVEAL 2.0 risk score, the high-
risk group was defined as patients with a pre-
dicted 1-year survival rate of <90% (REVEAL 
2.0 risk score ⩾9), and the low-/intermediate-risk 
group was defined as patients with a predicted 
1-year survival rate of ⩾90% (REVEAL 2.0 risk 
score ⩽8).

Subgroup analysis
Patients who were treatment-naïve at baseline 
and treated with only macitentan, riociguat, and 
selexipag for PAH were also independently 
assessed by subgroup analysis. Their hemody-
namics, echocardiography, and clinical function 
were measured and clinical events were collected 
similarly to the overall patient analysis.

Statistical analysis
Data are described as median and interquartile 
range unless otherwise indicated. Wilcoxon’s 
signed rank test was used to compare the param-
eters of hemodynamics, echocardiography, 
6MWD, and BNP concentration from baseline  
to the latest follow-up. The cases which had a 

missing value either at baseline or follow-up were 
excluded from each analysis. Differences with a 
p-value of <0.05 were considered statistically sig-
nificant. All p-values were two-tailed. Event-free 
rates were analyzed using the Kaplan–Meier 
method. All analyses were performed using R soft-
ware (version 3.6.3), and figures were obtained 
using GraphPad Prism (version 8.0 for Mac; 
GraphPad Software, La Jolla, CA, USA).

Results

Patient characteristics
The patients’ baseline characteristics and medica-
tions are presented in Table 1 and Supplemental 
material Table 1 online. One patient who was lost 
to follow-up and one patient who had been under-
going maintenance hemodialysis were excluded; 
thus, 26 patients were enrolled in this study. The 
patients were predominantly female (73.1%) with 
a median age of 38 years. The major etiology of 
PAH was idiopathic PAH (38.5%) followed by 
connective tissue disease-associated PAH (26.9%), 
heritable PAH (19.2%), and congenital heart dis-
ease-associated PAH (15.4%). Most patients were 
treatment-naïve (65.4%), and others were taking 
some PAH medications at baseline.

Ten patients with idiopathic PAH, five with herit-
able PAH, three with connective tissue disease-
associated PAH, and three with congenital heart 
disease-associated PAH were genetically tested. 
All five patients with heritable PAH had mutations 
in known PAH-related genes such as bone mor-
phogenetic protein receptor type 2 (BMPR2) and 
one patient with idiopathic PAH had a mutation in 
ring finger protein 213 (RNF213), which we 
recently reported as a novel PAH-related gene.13,17

Safety and tolerability
Discontinuation of macitentan, riociguat, or 
selexipag because of adverse events occurred in 
four of 26 patients (15%). Among these four 
patients, one had diarrhea with selexipag, one had 
suspected myelosuppression with macitentan, 
one had nausea with riociguat, and one had hypo-
tension with riociguat. These patients changed 
their drug to another drug targeting the same 
pathway. No adverse events, including death, 
hospitalization for heart failure, or prostacyclin 
infusion, were observed after discontinuation of 
each drug.
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The maximum tolerated doses of the vasodilators 
are summarized in Supplemental Table 2. In 
detail, 25 (96.2%), 24 (92.3%), and 20 (76.9%) 
patients were taking the maximum dose of maci-
tentan, riociguat, and selexipag, respectively. 
Seventeen (65.4%) patients reached the maxi-
mum dose of all three vasodilators.

Changes and outcomes after treatment
Hemodynamic data were available for 18 patients. 
The detailed study flow chart is shown in 
Supplemental Figure 1. The hemodynamics, 
WHO-FC, BNP concentration, and 6MWD at 
baseline and follow-up are presented in Table 2. 
The median observation period was 441 (229–
1103) days. Hemodynamic parameters were sig-
nificantly improved with a 29% decrease in the 
mean PAP and 65% decrease in the mean PVR. 
The CO significantly increased by 82% from 
baseline to follow-up. Although >70% of patients 
had a WHO-FC of III or IV at baseline, 89% of 
patients had a WHO-FC of I or II at follow-up. 
The 6MWD and BNP concentration were also 
significantly improved [Figure 1(a)].

Echocardiographic data were available for 20 
patients (Supplemental Figure 1). The echocar-
diographic data are presented in Table 2. The 
median follow-up period was 737 (256–1179) 
days. Right ventricular function based on the 
TAPSE, RVS', and RVFAC was significantly 
improved from baseline to follow-up, although 
the RAA and RVEDA were not [Figure 1(b)].

The Kaplan–Meier curves since administration of 
all three vasodilators are shown in Figure 2. The 
1- and 2-year survival rates were both 93.3%. One 
patient died of multiple organ failure after femoral 
neck fracture during the observation period. The 
overall survival rate was 92.3% with median  follow- 
up period of 33 (24–43) months. No patients were 
hospitalized for heart failure during the observa-
tion period. Prostacyclin infusion was initiated in 
six patients (25.4%) within 1 year. Among these 
six patients, selexipag was switched to subcutane-
ous infusion of treprostinil in one patient, an intra-
venous infusion of epoprostenol was added to the 
triple oral combination therapy in another patient, 
and a subcutaneous infusion of treprostinil was 
added to the triple oral combination therapy in the 
remaining four patients. Selexipag was not discon-
tinued in some patients to reduce maintenance 
dose of the prostacyclin for infusion. No other 

Table 1. Demographics and characteristics at baseline.

Variable Triple oral combination therapy
N = 26

Female 19 (73.1)

Age, years 38 (23–48)

WHO-FC

I/II/III/IV 0/9/16/1 (0.0/34.6/61.5/3.8)

BNP, pg/mL 105.25 (36.7–285.5)

6MWD, m 397.5 (312.8–441.8)

PAH etiology

IPAH 10 (38.5)

HPAH 5 (19.2)

CTD-PAH 7 (26.9)

CHD-PAH 4 (15.4)

Medication

Treatment-naïve 17 (65.4)

Single 3 (11.5)

Double 2 (7.7)

Triple 4 (15.4)

Risk assessment*

High risk 12 (46.2)

Intermediate risk 4 (15.4)

Low risk 10 (38.5)

Genetic mutation**

BMPR2 5 (23.8)

ACVRL 1 (4.8)

RNF213 1 (4.8)

Data are expressed as number (%) or median (interquartile range).
*Risk assessment was calculated using the three-category REVEAL 2.0 risk score.16 
The high-risk group was defined as patients with a predicted 1-year survival rate 
of <90% (REVEAL 2.0 risk score ⩾9), the intermediate-risk group was defined 
as patients with a predicted 1-year survival rate of 90–<95% (REVEAL 2.0 risk 
score  = 7 or 8), and the low-risk group was defined as patients with a predicted 
1-year survival rate of ⩾95% (REVEAL 2.0 risk score ⩽6).
**Among 26 patients, 21 were genetically tested and 15 had no genetic mutations 
related to PAH.
6MWD, 6-minute walk distance; ACVRL1, activin A receptor-like kinase 1; BMPR2, 
bone morphogenetic protein receptor type 2; BNP, B-type natriuretic peptide; 
CHD, congenital heart disease; CTD, connective tissue disease; HPAH, heritable 
pulmonary arterial hypertension; IPAH, idiopathic pulmonary arterial hypertension; 
PAH, pulmonary arterial hypertension; RNF213, ring finger protein 213; WHO-FC, 
World Health Organization functional class.
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patients underwent prostacyclin infusion after 
1 year. Among six patients who underwent prosta-
cyclin infusion within 1 year, three patients had a 
BMPR2 mutation, one patient had an RNF213 
mutation, and one patient had Eisenmenger syn-
drome due to an atrial septal defect. Composite 
events of all-cause death, hospitalization for heart 
failure, and initiation of prostacyclin infusion 
occurred in 16.6% of the patients within 6 months 
and 30.4% of the patients in 1 and 2 years.

Among 14 patients who were classified as low-/
intermediate-risk by the three-category REVEAL 
2.0 risk score,16 the prostacyclin-free rate was 
92.9% at 3 years, while the rate was 55.0% at 
2 years in 12 high-risk patients (Figure 3). The dif-
ference was not statistically significant (p = 0.058). 
Hemodynamic changes from baseline to follow-
up in each low/intermediate and high-risk group 
are summarized in Supplemental Table 3. Among 
five patients who were classified as high-risk based 

Table 2. Changes in clinical parameters.

Variable Baseline Follow-up Change (%) p-value*

Hemodynamics

Mean RAP, mmHg 6.5 (4.0–8.0) 4.0 (3.0–5.0) −2.5 (−38) 0.005

Mean PAP, mmHg 56.0 (46.3–65.5) 40.0 (30.0–47.0) −16.0 (−29) <0.001

PAWP, mmHg 7.5 (6.0–9.8) 9.0 (8.0–11.0) 1.5 (20) 0.68

CO, L/min 3.3 (2.4–4.5) 6.0 (5.1–6.7) 2.7 (82) <0.001

CI, L/min per m2 2.2 (1.7–2.7) 3.8 (3.3–4.5) 1.6 (73) <0.001

PVR, WU 13.5 (8.8–21.5) 4.7 (2.8–6.9) −8.8 (−65) <0.001

Echocardiography

TAPSE, cm 1.5 (1.3–1.8) 2.3 (1.9–2.6) 0.8 (53) 0.001

RVS', cm 9.7 (7.8–11.8) 13.3 (12.4–14.4) 3.6 (37) 0.001

RAA, cm2 17.2 (14.9–21.3) 16.4 (14.1–21.0) −0.8 (−5) 0.49

RVEDA, cm2 26.9 (22.8–33.1) 24.1 (21.0–30.3) −2.8 (−10) 0.21

RVESA, cm2 20.4 (16.3–23.9) 16.4 (13.8–21.1) −4.0 (−20) 0.006

FAC, % 23.6 (16.2–26.9) 32.9 (29.1–35.8) 9.3 (39) <0.001

WHO-FC

I or II 4 (22) 16 (89) – –

III or IV 14 (78) 2 (11) – –

6MWD, m 405.0 (303.0–441.8) 472.0 (439.5–493.5) 67.0 (17) 0.046

BNP, pg/mL 187.8 (36.7–379.5) 17.5 (10.3–27.2) −170.3 (−91) <0.001

Data are expressed as number (%) or median (interquartile range). The number of subjects at baseline and follow-up 
was the same equal number in each parameter. Eighteen patients were analyzed in hemodynamics, and 20 patients in 
echocardiography.
*p-value was calculated using a Wilcoxon’s signed rank test for comparison of baseline and follow-up.
6MWD, 6-minute walk distance; BNP, B-type natriuretic peptide; CI, cardiac index; CO, cardiac output; FAC, fractional 
area change; PAP, pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular 
resistance; RAA, right atrial area; RAP, mean right atrial pressure; RVEDA, right ventricular end-diastolic area; RVESA, 
right ventricular end-systolic area; RVS', right ventricular systolic excursion velocity; TAPSE, tricuspid annular plane 
systolic excursion; WHO-FC, World Health Organization functional class; WU, Wood units.
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on the three-category REVEAL 2.0 risk score and 
needed prostacyclin infusion, three patients had 
BMPR2 mutations and one patient had a RNF213 
mutation.

Subgroup analysis in treatment-naïve patients
Seventeen patients were treatment-naïve at base-
line. Six patients were treatment naïve at base-
line, but treated with other pulmonary 
vasodilators. In five out of these six patients, oral 
medication was switched from beraprost to 
selexipag, and in one patient, it was switched 
from ambrisentan and tadalafil to macitentan 
and riociguat. Thus, these six patients were 
excluded from the subgroup analysis. Among 
the remaining 11 patients for the subgroup anal-
ysis, the median time from initiation of the first 
PAH drug to the start of the third PAH drug was 

24 (12–47) days. The way of up-titration in 
treatment naïve patients was as follows. 
Macitentan 10 mg was initiated at first and fol-
lowed by riociguat 3.0 mg within 2 weeks. The 
dose of riociguat was up-titrated by 1.5 mg every 
2 weeks with attention to adverse effects. In 36% 
of treatment naïve patients, selexipag was initi-
ated after riociguat was up-titrated to maximum 
tolerated dose, whereas selexipag was started 
within 2 weeks from initiating macitentan in 
64% of patients. Selexipag was increased by 
0.4 mg every 2 weeks to maximum tolerated dose 
with attention to side effects. One patient (9.1%) 
discontinued macitentan because of suspected 
myelosuppression, and another patient (9.1%) 
discontinued riociguat because of nausea. RHC 
data in 10 patients and echocardiographic data 
in nine patients were available at baseline and at 
follow-up during the triple oral combination 

Figure 1. Hemodynamic and echocardiographic changes.
The patients’ (a) hemodynamic parameters and (b) echocardiographic parameters at baseline and follow-up are compared.
*p < 0.05.
CO, cardiac output; FAC, fractional area change; PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance; 
RAA, right atrial area; RAP, right atrial pressure; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular  
end-systolic area; WU, Wood units.
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therapy. The patients’ hemodynamic and right 
ventricular function parameters are presented in 
Table 3 and Figure 4. The median follow-up 
period of the hemodynamic analysis was 293 
(211–473) days. The hemodynamic parameters 
were significantly improved with a 29% decrease 
in the mean PAP and 66% decrease in the PVR. 
The CO increased by 90% from baseline to fol-
low-up. The median follow-up period of echo-
cardiography was 385 (230–594) days. The 
TAPSE, RVS', and RVFAC, indicating right 
ventricular function, increased significantly. The 
WHO-FC, 6MWD, and BNP concentration in 
this subgroup also improved significantly. In the 
Kaplan–Meier analysis, no patients died or were 
hospitalized for heart failure (Figure 5). 
Prostacyclin infusion was initiated in 31.8% of 
patients within 7 months, and no patients under-
went prostacyclin infusion after 7 months.

Figure 2. Event-free rates in all patients with triple oral combination therapy.
The Kaplan–Meier curves for event-free rates since initiation of triple combination therapy are shown (n = 26). The events 
are defined as (a) all-cause death, (b) hospitalization for heart failure, (c) prostacyclin infusion, and (d) the composite of all-
cause death, hospitalization, and heart failure.
HF, heart failure.

Figure 3. Kaplan–Meier curve for prostacyclin-free 
rate in each risk category.
The prostacyclin infusion-free rates in each risk category 
are shown. The patients were divided into two risk 
categories by the REVEAL 2.0 risk score.16 The p-values 
were calculated by the log-rank test.
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Discussion
In the present study, triple oral combination ther-
apy with macitentan, riociguat, and selexipag 
improved the hemodynamics, right ventricular 
function, and clinical function with good tolera-
bility in patients with PAH. Most of the low-/
intermediate-risk patients and around half of the 
high-risk patients could be treated sufficiently 
with this triple oral combination therapy although 
it is difficult to generalize these findings.

Two previous studies investigated the efficacy of 
the combination of prostacyclin infusion, an 
ERA, and a phosphodiesterase-5 inhibitor 
(PDE-5i) for PAH,7,8 but data regarding triple 
oral combination therapy are limited. One study 
related to triple oral combination therapy is the 
subgroup analysis of the GRIPHON study, which 
demonstrated a change in the symptom burden 
after administration of selexipag in addition to an 
ERA and PDE-5i.6 Recently, a randomized 

Table 3. Changes in clinical parameters among treatment-naïve patients at baseline.

Variable Baseline Follow-up Change (%) p-value*

Hemodynamics

Mean RAP, mmHg 7.5 (4.3–8.8) 4.0 (3.3–5.0) −3.5 (−47) 0.022

Mean PAP, mmHg 63.0 (55.0–75.8) 44.5 (37.0–51.5) −18.5 (−29) 0.006

PAWP, mmHg 7.5 (6.3–9.8) 8.0 (6.5–10.3) 0.5 (7) 0.61

CO, L/min 3.1 (2.4–4.3) 5.9 (5.1–7.2) 2.8 (90) 0.006

CI, L/min per m2 2.1 (1.7–2.5) 4.2 (3.5–4.6) 2.1 (100) 0.006

PVR, WU 17.5 (13.2–21.9) 5.9 (3.8–9.6) −11.6 (−66) 0.006

Echocardiography

TAPSE, cm 1.4 (1.3–1.5) 2.3 (2.1–2.7) 0.9 (64) 0.009

RVS', cm 9.3 (7.9–10.8) 13.5 (13.0–14.3) 4.2 (45) 0.035

RAA, cm2 18.5 (15.0–21.1) 15.2 (13.5–16.7) −3.3 (−18) 0.076

RVEDA, cm2 27.0 (25.0–33.2) 23.6 (21.0–24.6) −3.4 (−13) 0.058

RVESA, cm2 22.9 (18.7–25.4) 14.8 (14.0–16.8) −8.1 (−35) 0.009

FAC, % 22.9 (15.9–25.2) 33.1 (29.5–35.0) 10.2 (45) 0.018

WHO-FC

I or II 1 (10) 8 (80)  

III or IV 9 (90) 2 (20)  

6MWD, m 400.0 (326.5–432.0) 471.5 (451.5–479.2) 71.5 (18) 0.030

BNP, pg/mL 200.8 (41.9–379.5) 20.2 (12.6–24.5) −180.6 (−90) 0.006

Data are expressed as number (%) or median (interquartile range). The number of subjects at baseline and follow-up 
was the same equal number in each parameter. Ten patients were analyzed in hemodynamics, and nine patients in 
echocardiography.
*p-value was calculated using a Wilcoxon’s signed rank test for comparison of baseline and follow-up.
6MWD, 6-minute walk distance; BNP, B-type natriuretic peptide; CI, cardiac index; CO, cardiac output; FAC, fractional area 
change; PAP, mean pulmonary arterial pressure; PAWP, pulmonary arterial wedge pressure; PVR, pulmonary vascular 
resistance; RAA, right atrial area; RAP, mean right atrial pressure; RVEDA, right ventricular end-diastolic area; RVESA, 
right ventricular end-systolic area; RVS', right ventricular systolic excursion velocity; TAPSE, tricuspid annular plane 
systolic excursion; WHO-FC, World Health Organization functional class; WU, Wood units.
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control study (TRITON study) is also under 
analysis which investigated the efficacy and safety 
of triple oral combination therapy with maciten-
tan, tadalafil, and selexipag versus dual oral com-
bination therapy with macitentan and tadalafil.18 
The present study is the first to investigate the 
effectiveness and safety of triple oral combination 
therapy with macitentan, riociguat, and selexipag 
using real-world data.

Our results of improved hemodynamics are con-
sistent with previous observational studies that 
investigated the effectiveness of triple combina-
tion therapy including prostacyclin infusion.7 
Sitbon et  al.7 reported that with intravenous 
administration of epoprostenol and oral adminis-
tration of bosentan and sildenafil, the mean PAP, 
PVR, and cardiac index improved by 33%, 71%, 
and 119%, respectively. Another observational 

study involving a combination of ambrisentan, 
tadalafil, and subcutaneous treprostinil also dem-
onstrated significant improvement of the mean 
PAP, PVR, and cardiac index by 30%, 66%, and 
94%, respectively.8 There are similarities between 
the results of these previous studies and the results 
of the present study, suggesting that triple oral 
combination therapy with macitentan, riociguat, 
and selexipag can powerfully improve the hemo-
dynamics in patients with PAH. In the TRITON 
study, triple oral combination therapy improved 
PVR by 54%, although it was almost the same 
degree as dual oral combination therapy.18 
Improvement of hemodynamic in this study was 
greater than that of the TRITON study, partly 
because of the difference of the study design. 
Although findings from observational study, 
results in this study provided the possibility that 
triple oral combination therapy could also 

Figure 4. Hemodynamic and echocardiographic changes in treatment-naïve patients.
The patients’ (a) hemodynamic parameters and (b) echocardiographic parameters at baseline and follow-up are compared.
*p < 0.05.
CO, cardiac output; FAC, fractional area change; PAP, pulmonary arterial pressure; PVR, pulmonary vascular resistance; 
RAA, right atrial area; RAP, right atrial pressure; RVEDA, right ventricular end-diastolic area; RVESA, right ventricular end-
systolic area; WU, Wood units.
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improve hemodynamics in the real-world popula-
tion as well as the randomized controlled trial.

Our study also demonstrated a favorable long-
term prognosis as well as improvement of the 
RVFAC, 6MWD, WHO-FC, and BNP concen-
tration with triple oral combination therapy. In a 
past retrospective study of the dual combination 
of an ERA and PDE-5i, the 3-year overall survival 
rate was nearly 80%.19 In another French registry 
in which most patients were treated with mono-
therapy, the 3-year survival rate was <70%.20 
The prognosis in the present study appears to be 
superior to that in previous reports. The low rate 
of mortality and hospitalization for heart failure 
was consistent with the TRITON study, in which 
the risk of first disease progression events was 
decreased about 41% in the triple oral therapy 
group.18 These results in this study could verify 
the efficacy of triple oral combination therapy in 
preventing disease progression of triple oral com-

bination therapy found in the randomized con-
trolled study.

In the present study, the treatment response in 
most of the low-/intermediate-risk patients was 
favorable with administration of the triple oral 
combination therapy, and around half of the 
high-risk patients did not need prostacyclin infu-
sion. The current PAH guideline recommends 
initial oral therapy for low-/intermediate-risk 
patients, while high-risk patients are recom-
mended to receive initial combination therapy 
including prostacyclin infusion.10 Patients in this 
study did not present decompensated heart fail-
ure and the urgent initiation of prostacyclin infu-
sion was not necessary. Therefore, the triple oral 
combination therapy was initiated first and its 
efficacy was assessed within 6 months. Our data 
support recommendations in guidelines in low-/
intermediate-risk patients and provide a novel 
possibility that around half of high-risk patients 

Figure 5. Event-free rates in treatment-naïve patients.
The Kaplan–Meier curves for event-free rates since initiation of triple combination therapy in treatment-naïve patients are 
shown. The events are defined as (a) all-cause death, (b) hospitalization for heart failure, (c) prostacyclin infusion, and (d) the 
composite endpoint of all-cause death, hospitalization, and heart failure.
HF, heart failure.
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can be treated without prostacyclin infusion. 
Moreover, 66.7% of the patients who needed 
prostacyclin infusion had gene mutations, sug-
gesting that the need for prostacyclin infusion can 
be largely affected by their genetic background. 
Therefore, we should be especially careful when 
we use triple oral combination therapy to treat 
patients with specific etiologies of PAH such as 
gene mutations.

With respect to safety, a past study investigating 
the combination of tadalafil as a PDE-5i and 
ambrisentan as an ERA showed that the discon-
tinuation rate of dual combination therapy 
because of adverse events was 12% within 2 years 
of the mean duration of drug use.1 In the sub-
group analysis of the GRIPHON study, which 
investigated the effectiveness of selexipag for the 
patients of PAH, a triple oral combination ther-
apy with selexipag, ERA, and PDE-5i was dis-
continued in 19.0% of patients due to adverse 
events.6 The rate of 15% in the present study was 
lower than that of the GRIPHON study, suggest-
ing good tolerability in real world data. With 
regard to the maximum tolerated dose, a past 
subgroup analysis that investigated the change in 
the symptom burden after taking selexipag in 
addition to an ERA and PDE-5i showed that 
only 27.9% of patients who received selexipag 
reached the maximum dose of selexipag.6 
Another study of the combination of riociguat 
and macitentan showed that about 70% of 
patients reached the maximum maintenance 
dose of riociguat. In the present study, 76.9% 
and 92.3% of patients could be up-titrated to the 
maximum dose with selexipag and riociguat, 
respectively. Thus, this study demonstrated that 
it is quite possible to up-titrate each drug to the 
maximum dose, even in patients treated with tri-
ple oral combination therapy.

The subgroup analysis showed that the hemody-
namics, right ventricular function, and clinical 
function powerfully improved, and the degree of 
improvement was similar to those in the overall 
patient analysis. Moreover, no patients died or 
were hospitalized for heart failure during the 
observation period. These results suggest that tri-
ple oral combination therapy with macitentan, 
riociguat, and selexipag can be a promising treat-
ment strategy in treatment-naïve patients.

This study has some limitations. This was a small, 
single-center, retrospective study that included 

various types of PAH and some patients were not 
treatment naïve at baseline. Each etiology of PAH 
might have affected the results of the study differ-
ently. Prostacyclin infusion was initiated within 
7 months, and no patients underwent prostacyclin 
infusion after 7 months, which is towards a bias of 
an initial high-risk population of patients in which 
initial triple oral combination treatment was chosen. 
The drug regimens were decided by the physicians. 
Furthermore, indirect Fick method was adopted as 
the measurement of CO. This was not recom-
mended in the European Society of Cardiology/
European Respiratory Society Guidelines 2015, but 
was admitted for use in the practical situation in the 
Japanese PAH guideline.11 As the results could be 
affected by the measurement methods of CO, fur-
ther validation would be warranted.

Conclusion
This study demonstrated the effectiveness of tri-
ple oral combination therapy with macitentan, 
riociguat, and selexipag in patients with PAH. 
Our data suggest that this triple oral combination 
therapy is associated with improvement of hemo-
dynamics, right ventricular function, and clinical 
function with good tolerability. In particular, this 
triple oral combination therapy can be a promis-
ing therapeutic strategy in patients with low/inter-
mediate risk and possibly even in half of patients 
with high risk. Further investigation is required to 
validate these findings.
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