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Abstract

This study aimed to evaluate the effectiveness and safety of an oral sequential

triple combination therapy with selexipag after dual combination therapy with

endothelin receptor antagonist (ERA) and phosphodiesterase‐5 inhibitor

(PDE5I)/riociguat in pulmonary arterial hypertension (PAH) patients. A total

of 192 PAH patients from 10 centers had received oral sequential selexipag

therapy after being on dual‐combination therapy with ERA and PDE5i/

riociguat for a minimum of 3 months. Clinical data were collected at baseline

and after 6 months of treatment. The study analyzed the event‐free survival at
6 months and all‐cause death over 2 years. At baseline, the distribution of

patients among the risk groups was as follows: 22 in the low‐risk group, 35 in
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the intermediate‐low‐risk group, 91 in the intermediate‐high‐risk group, and

44 in the high‐risk group. After 6 months of treatment, the oral sequential

triple combination therapy resulted in reduced NT‐proBNP levels (media from

1604 to 678 pg/mL), a decline in the percentage of WHO‐FC III/IV (from

79.2% to 60.4%), an increased in the 6MWD (from 325 ± 147 to 378 ± 143m)

and a rise in the percentage of patients with three low‐risk criteria (from 5.7%

to 13.5%). Among the low‐risk group, there was an improvement in the right

heart remodeling, marked by a decrease in right atrium area and eccentricity

index. The intermediate‐low‐risk group exhibited significant enhancements in

WHO‐FC and tricuspid annular plane systolic excursion. For those in the

intermediate‐high and high‐risk groups, there were marked improvements in

activity tolerance, as reflected by WHO‐FC and 6MWD. The event‐free
survival rate at 6 months stood at 88%. Over the long‐term follow‐up, the
survival rates at 1 and 2 years were 86.5% and 86.0%, respectively. In

conclusion, the oral sequential triple combination therapy enhanced both

exercise capacity and cardiac remodeling across PAH patients of different

risk stratifications.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare and
progressive disease characterized by heightened pulmo-
nary vascular resistance, eventually culminating in right
heart failure and death.1 According to the 2022 European
Society of Cardiology (ESC)/European Respiratory Society
(ERS) guidelines for the diagnosis and treatment of
pulmonary hypertension, the estimated 1‐year mortality
rates for PAH patients categorized as low, intermediate,
and high‐risk are less than <5%, 5%–20%, and >20%,
respectively.2 Over the past two decades, the survival rate
of patients with PAH has significantly improved due to the
introduction of three classic targeted therapy pathways.3,4

These therapies include prostacyclin analogs, endothelin‐
receptor antagonist (ERA), phosphodiesterase type 5
inhibitor (PDE‐5i), and soluble guanylate cyclase (sGC)
stimulators. The effectiveness of triple combination
therapy has also been reported.2 However, most such
studies analyzed patients who were treated with oral drugs
and parenteral administration of prostanoids,5–7 while
others had small sample sizes and were single‐center
studies.8,9 Therefore, evidence regarding the efficacy and
safety of oral triple combination therapy remains scarce.

The current guidelines primarily recommend
selexipag‐based oral triple combination therapy for

PAH patients who are classified as intermediate‐low risk
during follow‐up. However, in actual clinical settings,
this oral sequential triple combination therapy has been
employed for patients who were at intermediate‐high or
high risk, especially when the introduction of intra-
venous or subcutaneous prostacyclin analogs isn't feasi-
ble. Moreover, patients with World Health Organization
(WHO) I/II classification have shown potential benefits
from this oral triple combination regimen. Yet, there is
limited knowledge regarding the efficacy of this therapy
across diverse risk stratifications. Consequently, there's a
pressing need for more evidence to support the broader
application of oral triple therapy.10 To this end, we
embarked on a multicenter observational study aiming to
assess the efficacy and safety of this treatment approach
for PAH patients.

METHODS

Study population and design

This multicenter retrospective study was spearheaded by
the Shanghai Pulmonary Hospital, with participation
from nine other hospitals across China. We assessed
patients with PAH who underwent treatment with an
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oral sequential triple combination based on prostacyclin‐
receptor agonist (PRA). The evaluation encompassed all
consecutive patients referred to the ten hospitals between
January, 2019 and June, 2022.

The study population comprised patients who met
the following criteria: (1) aged between 16 and 80 years
with a confirmed diagnosis of group 1 PAH as
established by right heart catheterization11 (mean
pulmonary arterial pressure ≥25mmHg, pulmonary
arterial wedge pressure ≤15mmHg, and pulmonary
vascular resistance [PVR] ≥3 Wood units; (2) Those
who had been on a dual‐combination therapy of ERA
and PDE5i/riociguat for a minimum of 3 months; and (3)
those who underwent regular follow‐up evaluations.
Patients presenting with severe cardiopulmonary com-
plications, untreated congenital heart disease, or portal
hypertension were excluded from the study.

Parameters and outcomes assessment

All participating clinical centers utilized a standardized
evaluation form to gather patient data. The baseline
assessment at the time of selexipag initiation encom-
passed medical history, physical examination, 6‐min
walking distance (6MWD), WHO functional class
(WHO‐FC), levels of N‐terminal fragment of probrain
natriuretic peptide (NT‐proBNP), and parameters from
echocardiography. After 6 months of treatment, patients
underwent a subsequent evaluation that included a
physical examination, 6MWD, WHO‐FC, NT‐proBNP,
and echocardiographic assessment. This study adhered to
the guidelines set out in the Declaration of Helsinki and
received approval from the Ethics Committee of Shang-
hai Pulmonary Hospital (approval number: L21‐222). All
participants provided their written informed consent.

Echocardiographic data were obtained using standard
views with commercially available devices. The mea-
sured echocardiographic parameters, which are com-
monly utilized in daily clinical practice, encompassed the
right atrial (RA) area, right ventricular middle diameter
(RVMD), RA pressure, left ventricular end‐diastolic
diameter (LVEDD), left ventricular end‐diastolic eccen-
tricity index (EI), pulmonary arterial systolic pressure
(PASP), tricuspid annular plane systolic excursion
(TAPSE), and presence of pericardial effusion.

Monitored events included all‐cause mortality, heart
failure hospitalizations, the start of prostacyclin infusion,
and patients withdrawals from selexipag during the
6‐month observation period. For patients who experienced
multiple events, only the initial event was recorded.

Defination of four‐strata risk stratification

The risk assessment was streamlined based on the 2022
ESC/ERS guidelines for PAH.2 This risk stratification
was conducted both at the outset and at the 6‐month
mark. For this, the WHO‐FC, 6MWD, and NT‐proBNP
were utilized to determine the simplified four‐strata risk
assessment. Each of these parameters was scored on a
scale of 1–4: where 1 = low risk, 2 = intermediate‐low
risk, 3 = intermediate‐high risk, and 4 = high risk. The
average score was calculated by summing up the
individual grades and dividing by the total number of
assessed variables for each patient. This average was then
rounded to the closest whole number to determine the
patient's risk category.

Long‐term follow‐up visit

Patients were evaluated in out‐patient clinics every
3 months. All patient data was extracted from
electronic medical records. The primary endpoint
was all‐cause mortality. For those who were lost to
follow‐up, phone calls were made to ascertain their
survival status, with the data censored as of November
28, 2022.

Statistical analysis

Data were stored in a personal computer‐based data
spreadsheet. Analysis was conducted using the Statistical
Package for the Social Sciences (version 21.0; GraphPad
Prism, version 9) and Dishu Tubiao (https://dycharts.
com). Categorical data were presented as counts or
percentages. The Kolmogorov–Smirnov test assess the
normality of the data. Measurement data use the
mean ± standard deviation or median and interquartile,
count data use rate or composition. Comparisons of the
6MWD and hemodynamic variables from baseline and at
6 months utilized a one‐way analysis of variance for
paired groups for normally distributed data and the
nonparametric Friedman test for nonnormally distrib-
uted data. The Chi‐square test for independence was
used to compare differences in categorical variables
between baseline and 6 months.

Differences in the clinical parameters at baseline and
during follow‐up were examined using the Wilcoxon
signed‐rank test. Event‐free survival was estimated using
the Kaplan–Meier method. A p‐value less than 0.05 was
considered statistically significant.
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RESULTS

Baseline clinical characteristics of patients

Of the 192 patients enrolled in the study, 148 (77.1%)
were female, and 44 (22.9%) were male. The mean age
was 43 ± 14.7 years. Every participant was diagnosed
with WHO group 1 PAH. Idiopathic PAH (IPAH) was the
predominant diagnosis at 50.5%, followed closely by PAH
linked with connective tissue disease (CTD) at 24% and
PAH due to corrected congenital heart defects at 24%. A
small percentage, 1.6% (or three patients), were identified
with hereditary hemorrhagic telangiectasia‐PAH. The
median 6MWD stood at 305 meters. Regarding the
WHO‐FC at baseline, class III dominated at 65.6%, trailed
by class II at 20.8%. Combination therapy with ERA and
PDE5i was given to 155 patients (80.7%), while 37
patients (19.3%) were administered ERA in conjunction
with riociguat.

Risk stratification revealed that 22 patients (11.5%)
fell into the low‐risk category, 35 (18.2%) were
intermediate‐low risk, 91 (47.4%) were intermediate‐
high risk, and 44 (22.9%) were categorized as high‐risk.
The intermediate‐high/high‐risk group were typically
older than those in the low‐risk group. As the risk
stratification rose, the 6MWD showed a decreasing trend,
while NT‐proBNP levels elevated. All low‐risk patients
were identified under WHO‐FC II. In the intermediate‐
low‐risk group, a majority (34.3%) belonged to WHO‐FC
III. The intermediate‐high and high‐risk categories
largely consisted of patients with WHO‐FC III/IV
(95.6%), with a small fraction (4.4%) in WHO‐FC II.
The baseline clinical features of the patients with PAH
are summarized in Table 1.

Changes and outcomes after treatment in
the entire cohort

Following 6 months of treatment, when compared to the
baseline, the percentage of patients in WHO‐FC III/IV
declined from 79.2% to 60.4% (p< 0.0001). The median
6MWD witnessed an improvement of 52.7 m, moving
from 325 ± 147 to 378 ± 143 months (p< 0.0001). NT‐
proBNP levels saw a significant reduction (media from
1604 to 678 pg/mL, p< 0.001). A noticeable improvement
was observed in the number of low‐risk criteria, as
illustrated in Figure 1.

Out of the group, 92 patients had echocardiographic
evaluations at both the beginning and end of the study to
examine the impact of selexipag on right heart remodel-
ing (Table 2). While the RA area (28.4 ± 14.8 to
27.1 ± 16.1 cm2, p= 0.076) and RVMD (from 5.14 ± 1.35

TABLE 1 Baseline clinical characteristics.

Characteristics All (n= 192)

Age, years 43.0 ± 14.7

Female, n (%) 101 (74.8)

BMI, kg/m2 22.7 ± 4.3

HR, bpm 82.7 ± 17.7

SBP, mmHg 111.9 ± 14.4

DBP, mmHg 68.5 ± 12.3

Classification

IPAH, n (%) 97 (50.5)

CHD‐PAH, n (%) 46 (24.0)

CTD‐PAH, n (%) 46 (24.0)

HHT, n (%) 3 (1.6)

WHO‐FC II/III/IV, n 40/126/26

6MWD, m 305.4 ± 152.7

NT‐proBNP, pg/mL 1604 (542–3174)

Risk stratifications, n

Low/Intermediate‐low/Intermediate‐high/
high risk

22/35/91/44

Hemodynamics characteristics

mRAP, mmHg 8.2 ± 7.3

mPAP, mmHg 62.9 ± 16.9

mPAWP, mmHg 9.2 ± 4.4

CO, L/min 4.2 ± 1.4

CI, L/min/m2 2.5 ± 0.8

PVR, WU 13.8 ± 6.9

SVO2, % 61.1 ± 10.7

Sequential triple combination therapies

ERA+ sGC stimulator + PRA

Ambrisentan+Riociguat + Selexipag, n (%) 10 (5.2)

Macitentan+Riociguat+ Selexipag, n (%) 27 (14.1)

ERA+ PDE5i + PRA

Ambrisentan+Sildenafil + Selexipag, n (%) 39 (20.3)

Ambrisentan+Tadalafil + Selexipag, n (%) 17 (8.9)

Macitentan+ Sildenafil + Selexipag, n (%) 49 (25.5)

Macitentan + Tadalafil + Selexipag, n (%) 50 (26.0)

Note: data are presented as n (%), mean ± SD, and interquartile range.

Abbreviations: 6MWD, 6‐min walking distance; BMI, body mass index; CO,
cardiac output; DBP, diastolic blood pressure; ERA, endothelin receptor
antagonists; GC, soluble guanylate cyclase stimulator; HR, heart rate; IPAH,
CHD‐PAH,CTD‐PAH; mPAP, mean pulmonary artery pressure; mPAWP, mean
pulmonary artery wedge pressure; mRAP, mean right atrial pressure; NT‐
proBNP, N‐terminal pro‐brain natriuretic peptide; PDE5i, phosphodiesterase type
5 inhibitor; PRA, prostacyclin receptor agonist; PVR, pulmonary vascular
resistance; SBP, systolic blood pressure; SVO2, mixed venous oxygen saturation;
WHO‐FC, World Health Organization functional classification.

4 of 12 | ZHAO ET AL.



FIGURE 1 Comparison of clinical parameters before and after 6 months of treatment in the entire cohort. (a) WHO functional class
(WHO‐FC); (b) 6‐min walk distance (6MWD); (c) N‐terminal fragment of probrain natriuretic peptide (NT‐proBNP); (d) The number of low
risk criteria. WHO, World Health Organization.

TABLE 2 Changes in clinical parameters.

Variable Baseline Follow‐up Change (%) p‐value

PASP, mmHg 92.6 ± 30.8 88.3 ± 30.0 −4.3 (−5) 0.050

TR 4.8 ± 0.8 4.6 ± 0.7 −0.2 (−4) 0.450

RA area, cm2 28.4 ± 14.8 27.1 ± 16.1 −1.3 (−5) 0.076

RAP, mmHg 12.1 ± 10.3 9.3 ± 5.0 −2.8 (−23) 0.013

RV diameter, cm 5.1 ± 1.4 5.0 ± 1.4 −0.1 (−2) 0.084

Sm, cm/s 10.5 ± 2.8 10.7 ± 2.3 0.2 (2) 0.236

LVEDD, mm 35.3 ± 7.2 36.9 ± 6.6 1.6 (5) 0.007

LVEF (%) 79.8 ± 6.1 79.8 ± 8.6 0 (0) 1.000

EI 1.9 ± 0.7 1.8 ± 0.6 −0.1 (−5) 0.001

TAPSE, cm 1.6 ± 0.4 1.7 ± 0.4 0.1 (−6) 0.006

PE, n (%) 65 (39.2) 22 (23.4) – 0.013

Note: data are presented as n (%), mean ± SD, and interquartile range.

Abbreviations: EI, eccentricity index; LVEDD, left ventricular end‐diastolic dimension; LVEF, left ventricular ejection fraction; PASP, pulmonary arterial
systolic pressure; PE, pericardial effusion; RA area, right atrium area; RAP, right atrial pressure; RV, right ventricle; Sm, peak systolic velocity of tricuspid
annulus; TAPSE, tricuspid annular plane systolic excursion; TR, tricuspid regurgitation.
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to 5.0 ± 1.37 cm, p= 0.084) showed a declining trend,
these changes weren't statistically significant. In contrast,
LVEDD experienced an increased of 1.6 mm, transition-
ing from 35.3 ± 7.2 to 36.9 ± 6.6 mm, (p= 0.007). EI saw a
reduction by 0.1 mm, shifting from 1.89 ± 0.67 to
1.78 ± 0.62mm, (p= 0.001). Significant improvement
was evident in right ventricular systolic function.
Specifically, TAPSE enhanced by 0.1 cm, moving from
1.63 ± 0.42 to 1.73 ± 0.39 cm (p= 0.006).

We performed a sub‐analysis to elucidate the
outcomes of patients stratified by disease etiology.
Specifically, for IPAH, CHD‐PAH, and CTD‐PAH, we
compiled data on these three distinct patient cohorts (as
presented in Table S1). Notably, each group demon-
strated improvements across several metrics, including
heart functional classification, 6‐min walk distance
(6MWD), NT‐proBNP levels, and echocardiographic
findings.

Changes and outcomes after treatment in
different risk groups

In the low‐risk group, there was no significant improve-
ment in WHO‐FC, 6MWD, and NT‐proBNP compared to
baseline. However, posttreatment, there was a significant
reduction in the RA area (22.6 ± 6.0 vs. 19.8 ± 6.0 mm2,
p< 0.05) and EI (1.8 ± 0.8 vs. 1.7 ± 0.7, p< 0.05). In the
intermediate‐low‐risk group, there was a marked
improvement in WHO‐FC, with the percentage of
patients in WHO‐FC III/IV dropping from 65.7% to
48.5% (p< 0.05) after treatment. Furthermore, TAPSE
also improved (1.9 ± 0.5 vs. 2.0 ± 0.5 cm, p< 0.05). In the
intermediate‐high‐risk group, patients showed a signifi-
cant improvement in activity tolerance, as observed in
the WHO‐FC (p< 0.001) and 6MWD (p< 0.05). In terms
of ventricular remodeling, there were notable improve-
ment in LVEDD (32.6 ± 6.7 vs. 35.3 ± 6.5 mm, p< 0.01),
EI (1.9 ± 0.6 vs. 1.8 ± 0.6, p< 0.01), TAPSE (1.5 ± 0.4 vs.
1.6 ± 0.4 cm, p< 0.05), and the proportion of pericardial
effusion (50.6% vs. 31.9%, p< 0.05) after undergoing the
triple combination therapy. In addition, in the high‐risk
group, patients displayed significant improvements in
activity tolerance metrics such as WHO‐FC (p< 0.01)
and 6MWD (p< 0.001). Additionally, the RVMD
decreased posttreatment (5.4 ± 0.8 vs. 5.0 ± 1.0 cm,
p< 0.05). Baseline and follow‐up parameters were
detailed in Table 3.

The changes in the clinical parameters following oral
triple combination therapy across the different risk
groups are shown in Figure 2. Notably, the improvement
in 6MWD was more pronounce in the high‐risk group
compared to the low‐risk, intermediate‐low‐risk, and

intermediate‐risk groups (Figure 2a). However, no
significant variances were observed in the changes in
NT‐proBNP and WHO‐FC among the different risk
stratification (Figure 2b,c). Changes in specific echocar-
diographic parameters of patients treated with 6 months
of oral triple combination therapy are shown in
Figure 2d–g. It is worth noting that no significant
differences were discerned in the changes in parameters
like PASP, LVEDD, EI, and TAPSE among the different
risk groups.

The Cox proportional hazards analysis
of outcomes

In the univariate Cox proportional hazards analysis,
factors such as age, WHO‐FC,6MWD, risk stratifications,
mean pulmonary artery pressure (mPAP), RA area, and
RAP were associated with the survival rate of patients
treated with triple sequential combination therapy.
However, the multivariate forward stepwise Cox propor-
tional hazatds analysis identified only the 6MWD and
mPAP levels as independent predictor of survival in
theses patients (Figure 3).

Survival and event‐free survival analysis

Over the course of a 6‐month follow‐up, 23 patients
encounter adverse clinical events, inculding 10 died and
13 were hospitalized due to heart failure, resulting in
event‐free survival rates were 88% (Figure 4a). The
majority of those who faced adverse events belonged to
the intermediate‐high risk and high risk groups. After a
median long‐term follow‐up of 2 years, 50 patients had
adverse clinical events, of which 27 succumbed to PAH,
while 23 were hospitalized for right‐sided heart failure.
The survival rates for the 1st and 2rd year stood at 86.5%
and 86.0%, respectively (Figure 4b). We further assessed
the 6 months event‐free survival and long‐term survival
across different risk stratification groups. Notably, the
event‐free survival between the low‐risk and high‐risk
groups also showed significant differences (Figure 4c).
The findings indicated pronounced disparities in the
survival rates among these groups (Figure 4d).

Selexipag dosing and side effects

The median maintenance dosage of selexipag was 800 µg
administered twice daily. Of the cohort, 92 patients
(47.9%) were on a medium‐dose (600–1000 µg twice
daily). High‐dose selexipag (1200–1600 µg twice daily)
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was administered to 47 (24.5%) patients, while 53 (27.6%)
patients were on a low‐dose selexipag (200–400 µg twice
daily). Notably, only 9.9% of the patients maintained a
selexipag dose of 1600 µg twice daily.

During the titration period, headache was the
predominant side effect, reported by 49.4% of patients.
This was followed by diarrhea in 31.3% of patients and
nausea in 14.5%. During the maintenance phase, 78
patients (40.6%) experienced side effects that were
deemed tolerable. Notably, there have been no reports
of hepatotoxicity or other unidentified side effects.

DISCUSSION

In our multicenter retrospective study, we observed that
selexipag‐based sequential oral triple therapy markedly
enhanced exercise capacity, NT‐proBNP levels, and right
ventricular remodeling. Moreover, oral triple therapy was
well‐tolerated by patients with PAH. These findings align
with those of earlier studies. Numerous investigations
have underscored that an sequential combination ther-
apy of selexipag with ERA and PDE5i is recommended

for patients presenting with intermediate‐low risk. This
approach has emerged as the predominant clinical
strategy.2,11 Furthermore, our study suggests that
selexipag‐based sequential oral triple therapy is effica-
cious across all risk stratification groups. It is particularly
potent in improving right ventricular remodeling. Nota-
bly, there was a significant enhancement in activity
tolerance among the intermediate‐high and high‐risk
groups.

Multiple research studies have pinpointed WHO‐FC,
6MWD, and BNP/NT‐proBNP as the most robust
predictors of prognosis.12–14 Consequently, the four‐
strata model is advocated as a fundamental risk
assessment tool for posttreatment follow‐up in the 2022
ESC guidelines. This four‐strata risk evaluation model
effectively projected survival rates across patients with
IPAH, hereditary PAH, drug‐induced PAH, and PAH
associated with CTD, as well as those with portopul-
moanry hypertension. Throughout the follow‐up period,
it is advisable to maintain the initial therapy for PAH
patients who assessed to have a low risk of mortality.2

Nevertheless, the guidelines underscore the importance
of taking into account supplementary factors, with a

FIGURE 2 Comparison of changes before and after 6 months of treatment in different risk groups. (a) Change of 6‐min walk distance
(6MWD); (b) Change of N‐terminal fragment of probrain natriuretic peptide (NT‐proBNP); (c) Change of WHO functional class (WHO‐FC);
(d) Change of pulmonary artery systolic pressure (PASP); (e) Change of left ventricular end diastolic diameter (LVEDD); (f) Change of
tricuspid annular plane systolic excursion (TAPSE); (g) Change of eccentricity index (EI).
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particular emphasis on right heart imaging and hemo-
dynamic evaluations. In clinical practice, it's not
uncommon to encounter patients with an large right
heart, even when their risk is low. Nonetheless, the
potential benefits if triple therapy for these patients
remains uncertain. Our study revealed that within the
low‐risk group, even though there were no significant
improvement in WHO‐FC, 6MWD, and NT‐proBNP
levels compared to baseline, positive changes were
observed in right heart remodeling. Specifically, the right
atrium (RA) area and eccentricity index (EI) exhibited
significant reductions following the reatment. It is widely
acknowledged that alterations in the structure of the
right ventricular serves as the primary indicators for
predicting clinical outcomes in PAH.15 We devised a
model of attenuated RH remodeling (ARHR), predicated
on a diminution in RA area, RVMD, and LV‐EId and
established that ARHR serves as an independent
mortality predictor.16 Thus, noninvasive imaging tech-
niques evaluating right ventricular dimensions and
functionality are vital, both for PAH patient monitoring
and to fathom the right ventricular's response to
pulmonary vascular remodeling.17 Our findings under-
score that even low‐risk patients can substantially benefit

from sequential oral triple therapy, chiefly through the
reversal of right ventricular remodeling.

Selexipag stands as the inaugural non‐prostanoid
agonist of the prostacyclin receptor, credited with
delaying PAH progression and reducing the combined
morbidity/mortality outcome, as highlighted in the
GRIPHON study. Contemporary analyses propose that
the efficacy of selexipag may be accentuated when
initiated early.18 Although the TRITON study found that
initial triple combination therapy didn't present any
superior benefit over double combination therapy in
terms of hemodynamic and functional metrics by week
26,19 it's hypothesized that this could be due to a ceiling
effect, where maximum enhancement is achieved with
dual treatment. Neverthelss, there's emerging evidence
suggesting that early selexipag administration might
curtail the risks associated with PAH disease progres-
sion.18 A subsequent analysis, drawing from pooled data
of both GRIPHON and TRITON trials, demonstrated that
introducing selexipag within 6‐month postdiagnosis
significantly diminishes the risk of disease progression
compared to those only a dual regimen of ERA and PDE‐
5i.20 Essentially, selexipag slashed the progression risk by
half, and this efficacy was consistently evident when

FIGURE 3 Cox regression analysis of
clinical parameters and survival in the entire
cohort. 6MWD, 6‐min walking distance; CO,
cardiac output; EI, eccentricity index; LVEDD,
left ventricular end‐diastolic dimension; LVEF,
left ventricular ejection fraction; mPAP, mean
pulmonary artery pressure; mPAWP, mean
pulmonary artery wedge pressure; mRAP, mean
right atrial pressure; PASP, pulmonary arterial
systolic pressure; PE, pericardial effusion; PVR,
pulmonary vascular resistance; RA area, right
atrium area; RAP, right atrial pressure; RV, right
ventricle; Sm, peak systolic velocity of tricuspid
annulus; SVO2, mixed venous oxygen
saturation; TAPSE, tricuspid annular plane
systolic excursion; TR, tricuspid regurgitation;
WHO‐FC, World Health Organization
functional classification.
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integrated into a triple therapy approach within the
6‐month diagnostic window. Mirroring this trend, our
study's findings underscore that sequential oral triple
therapy, even in low‐risk patients, yields commendable
results, aligning seamlessly with the prevailing research
direction.

Current PAH guidelines advocate the addition of
intravenous (IV) epoprostenol or IV/subcutaneoustre-
prostinil for patients displaying intermediate‐high or
high risk during subsequent evaluation.2 Yet, in our
study, 135 intermediate‐high or high risk PAH patients

did not undergo IV or subcutaneous prostacyclin analog
treatment due to financial constraints or severe side
effects. After comprehensive oral dual therapy with ERA
and PDE5i/sGC stimulator, these patients continued to
demonstrate unsatisfactory cardiac function, elevated
NTproBNP levels, and limited exercise tolerance. Intro-
ducing selexipag sequentially may offer an alternative for
such intermediate‐high or high‐risk patients. Earlier
research primarily centered on the triple combination
of prostacyclin infusion, oral ERA, and PDE‐5i for acute
PAH cases.5,7 However, information on the triple oral

FIGURE 4 The 6‐month event‐free survival and 2‐year survival of patients undergoing oral triple combination therapy. (a) Six‐month
event‐free survival in the entire corhot; (b) 2‐year survival rates in the entire corhot; (c) Comparison of the 6‐month event‐free survival in
different risk groups; (d) Comparison of 2‐year survival rates in different risk groups.
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combination therapy remains sparse. A pertinent study
regarding this was a subgroup analysis from the
GRIPHON study, which encompassed nearly half of the
WHO‐FC III patients.21 The TRITON study, another
randomized controlled trial, explored the effectiveness
and safety of the initial triple oral combination therapy
and also included a significant portion of WHO‐FC III/IV
patients with elevated NT‐proBNP levels.19 In our
findings,a majority of intermediate‐high and high‐risk
patients responded positively to triple oral combination
therapy. Notably, the most profound enhancement in the
6MWD was evident among high‐risk patients following
this therapy. Our study also highlighted a favorable long‐
term prognosis with the triple oral regimen, aligning
with prior research.18,21 We observed 1‐ and 2‐year
survival rates at 86.5% and 86.0%, respectively. Such
findings bolster the potential of sequential triple oral
therapy for intermediate‐high and high‐risk patients.
They also suggest the viability of introducing selexipag
post dual oral therapy when IV/subcutaneous prostacy-
clin analog are impractical. While selexipag doesn't
supplant parenteral treatments, it could serve as a viable
option for those patients reluctant or unable to under-
take them.

Our study prossesses several limitations. First, the
modest sample size inherently limits the scope of our
findings. Second, the hospital cases predominantly
originated from East China, possibly not reflecting trends
across the entire contury. Furthermore, our follow‐up
duration was relatively brief, and catheterization data
wasn't always timely collected, though we made efforts to
gather ultrasound data where feasible.

In summation, our findings indicate that oral
sequential triple combination therapy with selexipag
significantly enhances exercise capacity, risk assessment,
and right ventricular remodeling in PAH patients, all
while maintaining good tolerability.
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