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BACKGROUND In pulmonary arterial hypertension (PAH), there are no data comparing initial triple oral therapy with

initial double oral therapy.

OBJECTIVES TRITON (The Efficacy and Safety of Initial Triple Versus Initial Dual Oral Combination Therapy in Patients

With Newly Diagnosed Pulmonary Arterial Hypertension; NCT02558231), a multicenter, double-blind, randomized phase

3b study, evaluated initial triple (macitentan, tadalafil, and selexipag) versus initial double (macitentan, tadalafil, and

placebo) oral therapy in newly diagnosed, treatment-naive patients with PAH.

METHODS Efficacy was assessed until the last patient randomized completed week 26 (end of main observation

period). The primary endpoint was change in pulmonary vascular resistance (PVR) at week 26.

RESULTS Patients were assigned to initial triple (n ¼ 123) or initial double therapy (n ¼ 124). At week 26, both

treatment strategies reduced PVR compared with baseline (by 54% and 52%), with no significant difference between

groups (ratio of geometric means: 0.96; 95% confidence interval: 0.86-1.07; P ¼ 0.42). Six-minute walk distance and N-

terminal pro–brain natriuretic peptide improved by week 26, with no difference between groups. Risk for disease pro-

gression (to end of main observation period) was reduced with initial triple versus initial double therapy (hazard ratio:

0.59; 95% confidence interval: 0.32-1.09). Most common adverse events with initial triple therapy included headache,

diarrhea, and nausea. By the end of the main observation period, 2 patients in the initial triple and 9 in the initial double

therapy groups had died.

CONCLUSIONS In patientswith newly diagnosed PAH, both treatment strategiesmarkedly reduced PVRbyweek 26,with

no significant difference between groups (primary endpoint not met). Exploratory analyses suggested a possible signal for

improved long-term outcomes with initial triple versus initial double oral therapy. (J Am Coll Cardiol 2021;78:1393–1403)

© 2021 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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P ulmonary arterial hypertension (PAH)
is a relentlessly advancing disease,
with many pathophysiological mech-

anisms contributing to its progression (1,2).
Among those identified, the prostacyclin,
endothelin, and nitric oxide pathways can
be targeted by medical treatment (3-5). Com-
bination therapy to target multiple pathways
is an essential part of PAH management.
Initial double therapy with an endothelin re-
ceptor antagonist (ERA) and phosphodies-
terase type 5 inhibitor (PDE5i) delays PAH
progression versus initial monotherapy (6)
and is recommended for patients with newly
diagnosed PAH at low or intermediate risk
for 1-year mortality (3-5).

Patients receiving double oral therapy,

including initial double therapy, continue to experi-
ence PAH progression (6-8), providing a rationale for
more intensive treatment. Uncontrolled retrospective
analyses showed that initial triple therapy including a
parenteral prostacyclin analog improved hemody-
namic status and functional capacity compared with
baseline in patients newly diagnosed with severe
PAH, with excellent survival rates (9,10). Further-
more, in the GRIPHON (Selexipag [ACT-293987] in
Pulmonary Arterial Hypertension) randomized
controlled trial, administration of selexipag, an oral,
selective prostacyclin receptor (IP receptor) agonist,
to patients receiving double oral therapy at baseline
reduced the risk for composite morbidity and mor-
tality endpoint events (11). However, there are no
data comparing initial triple versus initial double
therapy in patients with PAH.
SEE PAGE 1404
TRITON (The Efficacy and Safety of Initial Triple
Versus Initial Dual Oral Combination Therapy in Pa-
tients With Newly Diagnosed Pulmonary Arterial
Hypertension) evaluated the efficacy and safety of
initial triple oral therapy with macitentan, tadalafil,
and selexipag compared with initial double oral
therapy with macitentan and tadalafil in newly-
diagnosed, treatment-naive patients with PAH.

METHODS

The data-sharing policy of the sponsor is available at
Janssen (12). Requests for access to study data can be
s attest they are in compliance with human studies committe

and Food and Drug Administration guidelines, including patien

thor Center.

received March 5, 2021; revised manuscript received June 21, 20
submitted through the Yale Open Data Access Project
site (13).

STUDY DESIGN. TRITON (NCT02558231) was a
multicenter, double-blind, randomized, placebo-
controlled phase 3b study. The steering committee,
in collaboration with the sponsor (Actelion Pharma-
ceuticals), designed the trial and oversaw its conduct
and data analyses. The protocol (Supplemental
Appendix) was approved by the Institutional Review
Board or independent ethics committee at each study
site. The study was monitored by an independent
data and safety monitoring committee (sections 4 and
5 in the Supplemental Appendix). Covance oversaw
the collection of data and performed data manage-
ment, and Datamap analyzed the data according to a
prespecified statistical analysis plan (available with
the protocol). All authors had access to the data,
contributed to data interpretation and writing of the
manuscript, reviewed and approved the final manu-
script, and made the decision to submit the manu-
script for publication. All authors vouch for the
accuracy and completeness of the analyses and for
the fidelity of this manuscript to the protocol.

SELECTION OF PATIENTS. Patients (18-75 years of
age) diagnosed with PAH (group 1 pulmonary hyper-
tension), including idiopathic, heritable, or drug- and
toxin-induced PAH, or PAH associated with connec-
tive tissue disease, human immunodeficiency virus
infection, or corrected congenital heart disease (sim-
ple systemic-to-pulmonary shunts $1 year after
repair) confirmed by right heart catheterization
within 6 months prior to randomization were eligible.
Patients had 6-minute walk distance (6MWD) $50 m
and pulmonary vascular resistance (PVR) $6 WU and
were excluded if previously treated with PAH ther-
apy. Eligibility criteria are listed in the protocol in the
Supplemental Appendix. Written informed consent
was obtained from all patients.

TRIAL PROCEDURES. Patients were randomized 1:1
to initial triple oral therapy (macitentan, tadalafil,
and selexipag) or initial double oral therapy (maci-
tentan, tadalafil, and placebo) within 28 days of
screening (Supplemental Figure 1). Randomization
was stratified by region (rest of the world vs North
America) and World Health Organization functional
class (FC) at baseline (I and II vs III and IV).
es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

21, accepted July 27, 2021.
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FIGURE 1 Patient Disposition

291 patients were
assessed for

eligibility

44 were excluded

123 were assigned to initial triple therapy:
macitentan, tadalafil, selexipag*

9 withdrew from study prior
to week 26:

2 Deaths
2 Lost to follow-up
2 Patient decision

3 Physician decision

5 withdrew from study after
week 26 and prior to end of

main observation period:
2 Patient decision

3 Physician decision

104 completed the main
observation period

109 completed the main
observation period

13 withdrew from study after
week 26 and prior to end of

main observation period:
6 Deaths

1 Lost to follow-up
1 Patient decision

4 Physician decision
1 Sponsor decision

114 completed week 26†† 117 completed week 26††

7 withdrew from study prior
to week 26:

3 Deaths
1 Lost to follow-up
2 Patient decision

1 Physician decision

124 were assigned to initial double therapy**:
macitentan, tadalafil, placebo†

247
underwent

randomization

*19 patients received selexipag; the 4 patients who did not receive selexipag were allocated to initial double therapy for the safety analysis. **1 patient randomized to

initial double therapy did not receive any treatment and was excluded from the safety analysis set. †120 patients received placebo. ††112 patients in the initial triple

therapy group and 117 patients in the initial double therapy group completed the primary endpoint assessment at week 26. Treatment discontinuations are described in

Supplemental Table 2.
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Macitentan 10 mg once daily and tadalafil 20 mg
once daily were initiated open label on day 1. On day
8 � 3, the tadalafil dose was increased to 40 mg once
daily according to tolerability. On day 15 � 3, double-
blinded selexipag or placebo was initiated at 200 mg
twice daily. Until week 12, the dose was increased,
typically at weekly intervals in increments of 200 mg
twice daily to reach an individualized maintenance
dose (range: 200-1,600 mg twice daily) (Supplemental
Figure 2). All 3 study treatments were administered
until the end of the main observation period. The end
of the main observation period was declared when
the last patient randomized reached week 26. Follow-
up of patients continued in a blinded fashion until the
end of the main observation period regardless of
discontinuation of any study treatment(s).

Right heart catheterization was performed at
screening and week 26. FC, 6MWD, and N-terminal

https://doi.org/10.1016/j.jacc.2021.07.057
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TABLE 1 Baseline Characteristics

Initial Triple
Therapy
(n ¼ 123)

Initial Double
Therapy
(n ¼ 124)

Overall
(N ¼ 247)

Female 93 (75.6) 94 (75.8) 187 (75.7)

Age, y 52.2 � 13.5 51.6 � 13.9 51.9 � 13.7

Racea

White 102 (82.9) 108 (87.1) 210 (85.0)

Asian 7 (5.7) 3 (2.4) 10 (4.0)

Black or African American 5 (4.1) 5 (4.0) 10 (4.0)

Other 3 (2.4) 3 (2.4) 6 (2.4)

American Indian or Alaska Native 1 (0.8) 0 1 (0.4)

Geographical regionb

North America 69 (56.1) 70 (56.5) 139 (56.3)

Rest of the world 54 (43.9) 54 (43.5) 108 (43.7)

Time from diagnosis of PAH, ds 23.9 � 32.5 19.8 � 26.7 21.9 � 29.8

PAH classification

Idiopathic 53 (43.1) 62 (50.0) 115 (46.6)

Associated with connective tissue disease 43 (35.0) 42 (33.9) 85 (34.4)

Drug or toxin induced 14 (11.4) 6 (4.8) 20 (8.1)

Heritable 9 (7.3) 7 (5.6) 16 (6.5)

Associated with HIV infection 3 (2.4) 5 (4.0) 8 (3.2)

Associated with congenital heart disease 1 (0.8) 2 (1.6) 3 (1.2)

6MWD, ma 345 � 121.0 347 � 116.9 346 � 118.7

FCb

I or II 25 (20.3) 25 (20.2) 50 (20.2)

III or IVc 98 (79.7) 99 (79.8) 197 (79.8)

Hemodynamic variables

PVR, WU 11.8 � 5.0 12.3 � 4.4 12.0 � 4.7

mPAP, mm Hg 51.8 � 9.8 52.4 � 11.4 52.1 � 10.6

Cardiac index, L/min/m2 2.2 � 0.66 2.1 � 0.56 2.2 � 0.61

TPR, WU 14.0 � 5.6 14.6 � 4.9 14.3 � 5.3

mRAP, mm Hg 8.0 � 4.3 8.2 � 4.1 8.1 � 4.2

SvO2, %
a 62.0 � 7.5 62.3 � 7.7 62.2 � 7.6

PAWP, mm Hg 8.4 � 2.9 8.5 � 3.3 8.4 � 3.1

Values are n (%) or mean � SD. Data are presented for the full analysis set. aData were missing for 5 double, 5
triple (race); 3 double (6MWD); and 3 triple, 6 double (SvO2).

bRandomization stratification factor. cNumber of FC
IV patients: 1 triple, 5 double. Percentages may not add to 100 because of rounding.

6MWD ¼ 6-minute walk distance; FC ¼ World Health Organization functional class; HIV ¼ human immuno-
deficiency virus; mPAP ¼ mean pulmonary artery pressure; mRAP ¼ mean right atrial pressure; PAWP
¼ pulmonary artery wedge pressure; PVR ¼ pulmonary vascular resistance; SvO2 ¼ mixed venous oxygen
saturation; TPR ¼ total pulmonary resistance; WU ¼ wood units.
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pro–brain natriuretic peptide (NT-proBNP) levels
were assessed at screening, week 12, week 26, every
6 months thereafter, the end of the main observation
period, and the end of all study treatments. Disease
progression events were collected throughout the
study. Safety monitoring included adverse events
(AEs) and laboratory testing until 30 days after the
end of all study treatments.

OUTCOME MEASURES. The primary endpoint was
change in PVR at week 26, expressed as ratio of
baseline. Secondary endpoints assessed at week 26
were change from baseline in 6MWD, NT-proBNP, and
other right heart catheterization variables (mean
pulmonary arterial pressure, cardiac index, mean
right atrial pressure, mixed venous oxygen satura-
tion, total pulmonary resistance), and absence of
worsening in FC from baseline. The secondary
endpoint of time from randomization to first disease
progression event (composite endpoint) was assessed
up to the end of the main observation period þ 7 days
(adjudicated by a clinical events committee). Disease
progression events were defined as all-cause death;
hospitalization for worsening PAH; initiation of
prostacyclin, a prostacyclin analog, or prostacyclin
receptor agonist for worsening PAH; or clinical
worsening, defined as a postbaseline decrease in
6MWD of >15% from the highest 6MWD obtained at or
after screening and FC III or IV (both conditions
confirmed at 2 consecutive postbaseline visits
1-21 days apart).

STATISTICAL ANALYSES. It was estimated that 238
patients randomized 1:1 would provide 90% power to
detect a 20% improvement in PVR at week 26 favoring
triple therapy (difference of �0.223 on log scale and
within-group SD of 0.5 on log scale) at a 2-sided sig-
nificance level of 0.05. This assumed 1 efficacy
interim analysis for futility when 33% of patients had
completed the week 26 PVR assessment or prema-
turely discontinued the study. Efficacy analyses used
the intention-to-treat population, which included all
randomized patients (full analysis set; Supplemental
Table 1). The safety set included patients who
received at least 1 dose of any of the 3
study treatments.

Change from baseline to week 26 in log-
transformed PVR was analyzed using analysis of
covariance including treatment group, region, base-
line FC, and log-transformed baseline value as cova-
riates and expressed as a ratio. The treatment group
difference (ratio of geometric means) and 95% confi-
dence interval (CI) were estimated by exponentiation.
Secondary endpoints were tested hierarchically in the
following order: change in 6MWD and treatment
group difference were analyzed using analysis of
covariance including the same covariates as the pri-
mary endpoint analysis, without log transformation;
NT-proBNP was analyzed as for PVR; time from
randomization to first disease progression event was
analyzed using the Kaplan-Meier method, stratified
log-rank test, and Cox regression model with factors
for treatment group, region, and baseline FC; and
absence of worsening in FC was analyzed using lo-
gistic regression with factors for treatment group,
region, and baseline FC, excluding patients in FC IV at
baseline. Changes in other right heart catheterization
variables and treatment group differences were
analyzed outside of the testing hierarchy using

https://doi.org/10.1016/j.jacc.2021.07.057
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TABLE 2 Primary and Secondary Endpoints

Initial Triple Therapy (n ¼ 123)a Initial Double Therapy (n ¼ 124)a
Treatment

Effect

Baseline Week 26b

Geometric Mean (95% CI) of
Ratio (Week 26/

Baseline)c Change (%) Baseline Week 26b

Geometric Mean (95% CI) of
Ratio (Week 26/

Baseline)c Change (%)
Ratioc

(95% CI)

PVR, WU 11.8 � 5.0 5.9 � 4.4 0.46
(0.42 to 0.50)

�54 12.3 � 4.4 6.1 � 2.9 0.48
(0.44 to 0.53)

�52 0.96
(0.86 to 1.07),

P ¼ 0.42

NT-proBNP,
ng/L

2,073 � 2,387 675 � 1,277 0.26
(0.21 to 0.33)

�74 1,932 � 2,104 697 � 1,351 0.25
(0.20 to 0.32)

�75 1.03
(0.77 to 1.37)

Baseline Week 26b

Mean (95% CI)
Change From

Baseline to Week 26d Baseline Week 26b

Mean (95% CI)
Change From

Baseline to Week 26d
Differenced

(95% CI)

6MWD, m 345.3 � 121.0 403.9 � 124.5 þ55.0
(40.4 to 69.5)

347.2 � 116.9 407.2 � 116.8 þ56.4
(41.4 to 71.3)

�1.4
(�19.4 to 16.5)

mPAP, mm Hg 51.8 � 9.8 39.4 � 10.9 �12.9
(�14.6 to �11.2)

52.4 � 11.4 40.4 � 10.1 �12.2
(�13.9 to �10.5)

�0.72
(�2.8 to 1.4)

Cardiac index,
L/min/m2

2.2 � 0.7 3.2 � 1.0 þ0.97
(0.81 to 1.13)

2.1 � 0.6 3.0 � 0.8 þ0.84
(0.68 to 1.00)

0.13
(�0.07 to 0.33)

TPR, WU 14.0 � 5.6 7.8 � 4.9 �6.4
(�7.1 to �5.7)

14.6 � 4.9 8.0 � 3.2 �6.4
(�7.1 to �5.7)

0.03
(�0.87 to 0.93)

mRAP, mm Hg 8.0 � 4.3 6.5 � 4.4 �1.78
(�2.51 to �1.05)

8.2 � 4.1 6.6 � 3.4 �1.69
(�2.43 to �0.96)

�0.09
(�1.00 to 0.83)

SvO2, % 62.0 � 7.5 68.0 � 7.3 þ5.6
(4.4 to 6.8)

62.3 � 7.7 69.4 � 6.8 þ6.8
(5.6 to 8.0)

�1.2
(�2.7 to 0.3)

Patients Without FC Worsening From Baseline to Week 26 Patients Without FC Worsening From Baseline to Week 26
Odds Ratioe

(95% CI)

Absence of FC
worsening

121 (99.2%)f 116 (97.5%)f 3.2
(0.3 to 31.8)

Values are mean � SD unless otherwise stated. Analyses were performed in the full analysis set. Variables are ordered differently to the testing hierarchy. a6MWD: n ¼ 121 initial double therapy; NT-proBNP:
n ¼ 121 initial triple therapy, n ¼ 122 initial double therapy; mRAP: n ¼ 123 initial double therapy; SvO2: n ¼ 120 initial triple therapy, n ¼ 118 initial double therapy. bMissing values were imputed using LOCF:
11 triple, 7 double (PVR, mPAP, TPR, cardiac index); 13 triple, 11 double (6MWD); 12 triple, 12 double (NT-proBNP); 12 triple, 7 double (mRAP); and 15 triple, 9 double (SvO2).

cRatio of geometric least squares
mean (and treatment effect) calculated using ANCOVA on log-transformed data with treatment group, region, baseline FC, and log-transformed baseline parameter as covariates. dLeast squares mean change
(and treatment effect) calculated using ANCOVA with treatment group, region, baseline FC, and baseline value as covariates. eCalculated using logistic regression with treatment group, region, and baseline
FC as covariates. fValues are n (%); patients in FC IV at baseline were excluded (1 triple, 5 double); missing values at week 26 were imputed using LOCF: 10 triple, 7 double.

ANCOVA ¼ analysis of covariance; CI ¼ confidence interval; LOCF ¼ last observation carried forward; other abbreviations as in Table 1.
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analysis of covariance, including the same covariates
as the primary endpoint analysis, without log trans-
formation. Post hoc exploratory endpoints included
time from randomization to all-cause death up to the
end of the main observation period analyzed as for
disease progression and all disease progression
events, including recurrent events, captured up to
end of main observation period þ 7 days analyzed
using a negative binomial model.

Missing PVR at week 26 was imputed using the last
observation carried forward. Imputation rules and
sensitivity analyses are described in the
Supplemental Appendix. Subgroup analyses were
performed for the primary endpoint. Safety variables
were reported descriptively until the end of the main
observation period.

RESULTS

PATIENTS CHARACTERISTICS AND FOLLOW-UP.

From March 7, 2016, to December 28, 2018, 291
patients were screened at 67 sites. A total of 247 pa-
tients were randomized (123 to initial triple oral
therapy, 124 to initial double oral therapy), and the
full analysis set comprised all randomized patients
(Figure 1). Most patients were female (75.7%), and the
majority had idiopathic (46.6%) or connective tissue
disease–associated (34.4%) PAH (Table 1). Baseline
characteristics were balanced between treat-
ment groups.

Nine patients (7.3%) in the initial triple and 7 (5.6%)
in the initial double therapy groups discontinued the
study prior to week 26 (Figure 1). Right heart cathe-
terization and other assessments were performed at
week 26, after which patients continued follow-up in a
blinded manner until the end of the main observation
period (up to 3.1 years); median follow-up duration
was 77.6 weeks (interquartile range: 45.9-110.1 weeks)
and 75.8 weeks (interquartile range: 49.9-103.2 weeks)
in the initial triple and initial double therapy groups,
respectively. Treatment discontinuations to the end of
the main observation period are in Supplemental

https://doi.org/10.1016/j.jacc.2021.07.057
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FIGURE 2 Change in Pulmonary Vascular Resistance From Baseline to Week 26
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Analyses were performed in the full analysis set. Bar chart illustrating the geometric

mean of the ratio (week 26/baseline) for pulmonary vascular resistance (PVR) with error

bars representing 95% confidence intervals. Missing values were imputed using the last

observation carried forward for 11 patients receiving initial triple therapy and 7 patients

receiving initial double therapy.
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Table 2, and selexipag dosing information is in
Supplemental Table 3.

PRIMARY AND SECONDARY ENDPOINTS. From
baseline to week 26, the primary endpoint of PVR
decreased by 54% for initial triple therapy (geometric
mean ratio: 0.46; 95% CI: 0.42-0.50) and 52% for
initial double therapy (geometric mean ratio: 0.48;
95% CI: 0.44-0.53), corresponding to a treatment
effect of 0.96 (95% CI: 0.86-1.07; P ¼ 0.42) (Table 2,
Figure 2). Findings were consistent across prespecified
subgroups and in sensitivity analyses (Supplemental
Figure 3, Supplemental Table 4).

Secondary endpoint results should be interpreted
as exploratory, on the basis of the testing hierarchy.
At week 26, 6MWD increased from baseline
by þ55.0 m for initial triple therapy and þ56.4 m for
initial double therapy (treatment effect �1.4 m;
95% CI: �19.4 to 16.5) (Table 2). The geometric mean
for the ratio of baseline to week 26 NT-proBNP was
0.26 (95% CI: 0.21–0.33; 74% reduction) for initial
triple therapy and 0.25 (95% CI: 0.20–0.32; 75%
reduction) for initial double therapy (treatment effect
1.03; 95% CI: 0.77–1.37) (Table 2).

In the initial triple therapy group, 16 patients
(13.0%) had a first disease progression event,
compared with 27 (21.8%) in the initial double therapy
group. In a time-to-event analysis, the hazard ratio
for initial triple versus initial double therapy for the
occurrence of a first event was 0.59 (95% CI: 0.32-
1.09) (Figure 3). The difference was driven by hospi-
talizations for worsening PAH, which occurred as the
first event in 10 patients (8.1%) in the initial triple
therapy group versus 19 patients (15.3%) in the initial
double therapy group, and by all-cause deaths, with
no deaths occurring as a first event in the initial triple
therapy group versus 4 (3.2%) in the initial double
therapy group (Table 3). Sensitivity analyses provided
consistent results (Supplemental Table 5).

At week 26, there was no significant difference
between initial triple and initial double therapy in the
proportion of patients without worsening in FC
(99.2% and 97.5%, respectively; odds ratio: 3.2;
95% CI: 0.3-31.8) (Table 2, Supplemental Table 6).
Other hemodynamic parameters markedly improved
between baseline and week 26, with no difference
between groups (Table 2).

POST HOC EXPLORATORY ENDPOINTS. To investi-
gate the impact of premature treatment discontinua-
tion on the results for time to disease progression, a
post hoc sensitivity analysis was performed that
included patients only for the time that they received
their assigned treatment regimens. In this analysis, 14
patients (11.4%) in the initial triple therapy group had
a first disease progression event compared with 25
patients (20.2%) in the initial double therapy group.
The hazard ratio for risk for a first disease progression
event was 0.59 (95% CI: 0.30-1.13) for initial triple
versus initial double therapy (Supplemental Figure 4,
Supplemental Table 5), consistent with the main
analysis. Analysis of all disease progression events
(including recurrent events) showed 31 events in 16
patients in the initial triple therapy group and 67
events in 27 patients in the initial double therapy
group. The rate ratio for all disease progression events
was 0.39 (95% CI: 0.15-1.00) for initial triple versus
initial double therapy; the difference was driven by
PAH-related hospitalizations and initiation of prosta-
cyclin for worsening PAH and all-cause deaths
(Table 4). Two patients in the initial triple therapy
group and 9 patients in the initial double therapy
group died. The hazard ratio for risk for all-cause
death up to end of the main observation period was
0.23 (95% CI: 0.05-1.04) for initial triple versus initial
double therapy (Supplemental Figure 5).

SAFETY. Exposure up to the end of main observation
period is in Supplemental Table 7. All patients in the
initial triple therapy group and 96.9% of patients in
the initial double therapy group experienced at least 1
AE. Most common treatment-emergent AEs reported
were headache, diarrhea, nausea, and peripheral
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FIGURE 3 Time to First Disease Progression Event

Pa
tie

nt
s W

ith
ou

t a
n 

Ev
en

t (
%

)

0
Baseline Week 26 Month 12 Month 18 Month 24 Month 30

123
124

Initial Triple Oral Therapy
Patients at risk:

Initial Double Oral Therapy
108
109

78
80

53
48

31
25

15
12

20
Hazard ratio (95% CI): 0.59 (0.32-1.09)

40

60

80

100

93.3%
(95% CI:

87.0-96.6)

88.4%
(95% CI:

80.7-93.1)

85.2%
(95% CI:

76.2-91.0)

89.4%
(95% CI:

82.5-93.7)

82.7%
(95% CI:

74.5-88.6)

78.8%
(95% CI:

69.6-85.6)

Analyses were performed in the full analysis set. Kaplan-Meier curves illustrating the time from randomization to first disease progression event in the

initial triple therapy and the initial double therapy groups up to the end of the main observation period þ 7 days (or end of study, whichever was earliest).

Kaplan-Meier estimates (95% confidence interval [CI]) at week 26, month 12, and month 18 are shown. Hazard ratio estimate obtained using a Cox

regression model with factors for treatment group, region, and baseline World Health Organization functional class. Graph is cut when <10% of patients

are at risk in both treatment groups.
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edema; except for peripheral edema, all were more
frequent with initial triple versus initial double
therapy (Supplemental Table 8). AEs occurring
with selexipag or placebo were reported less
frequently in the maintenance versus titration period
(Supplemental Table 9). The most common serious
AEs are in Supplemental Table 8; 42.9% of patients in
the initial triple therapy group and 31.5% in the initial
double therapy group experienced at least 1 serious
AE. Overall, 19 patients (16.0%) discontinued selex-
ipag and 17 (14.2%) discontinued placebo due to AEs
(Supplemental Table 8). The only AE leading to
discontinuation with >1% difference between treat-
ment groups was headache (1.7% vs 0%). Two pa-
tients (1.7%) in the initial triple and 9 (7.1%) in the
initial double therapy group died up to the end of the
main observation period.

DISCUSSION

TRITON is the first randomized controlled trial
comparing initial triple oral and initial double oral
therapy in PAH in newly diagnosed patients. The
primary endpoint of change in PVR at week 26 was
not met. Hemodynamic status, NT-proBNP, and
functional parameters markedly improved from
baseline to week 26 with both treatment strategies,
but there was no significant difference between
groups. Exploratory analyses suggested a signal for
reduced risk for disease progression with initial triple
compared with initial double oral therapy (Central
Illustration).

The marked improvements in hemodynamics,
NT-proBNP, and functional parameters observed with
initial double oral therapy in this study build upon
the body of evidence supporting the beneficial effect
of initial ERA and PDE5i combination therapy, as
previously shown in the AMBITION (A Study of First-
Line Ambrisentan and Tadalafil Combination Therapy
in Subjects With Pulmonary Arterial Hypertension)
and OPTIMA (Clinical Study Evaluating the Effects of
First-Line Oral Combination Therapy of Macitentan
and Tadalafil in Patients With Newly Diagnosed Pul-
monary Arterial Hypertension) trials (6,14). Although
TRITON provides the only existing data on initial
triple oral therapy, selexipag has been shown to
improve PVR in prevalent patients established on an
ERA and/or PDE5i (15). For initial triple therapy
including a parenteral prostacyclin analog, uncon-
trolled data in newly diagnosed patients with severe
PAH showed a reduction in PVR from baseline of
approximately 67% to 69% (9,10). The baseline values
and the decrease from baseline observed in those
studies were greater than in TRITON, but the absolute
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TABLE 3 First Disease Progression Events

Initial Triple
Therapy (n ¼ 123)

Initial Double
Therapy (n ¼ 124)

First disease progression event 16 (13.0) 27 (21.8)

Hospitalization for worsening of PAH 10 (8.1) 19 (15.3)

Clinical worsening of PAHa 5 (4.1) 2 (1.6)

Initiation of prostacyclin for worsening of PAH 1 (0.8) 2 (1.6)

Death 0 4 (3.2)

Values are n (%) and are presented up to the end of the main observation period þ 7 days. aDefined as a
postbaseline decrease in 6MWD by>15% from the highest 6MWD obtained at or after screening, accompanied by
FC III or IV (both conditions confirmed at two consecutive postbaseline visits separated by 1-21 days). Analyses
were performed in the full analysis set.

Abbreviations as in Table 1.
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values reached were comparable (PVR reduced to
approximately 5.5 to 6.2 WU [9,10]). Collectively,
these findings suggest that targeting the prostacyclin,
endothelin, and nitric oxide pathways simulta-
neously substantially improves PVR and may
normalize hemodynamic status in some patients.

Exploratory and post hoc analyses on long-term
outcomes suggest a signal for reduced risk for dis-
ease progression with initial triple versus initial
double oral therapy. Although these findings should
be interpreted with caution because of their
exploratory nature, they build on the results from
the long-term GRIPHON randomized controlled trial,
in which selexipag versus placebo reduced risk for
disease progression by 40% (hazard ratio: 0.60;
Progression Events

Initial Triple
Therapy
(n ¼ 123)

Initial Double
Therapy
(n ¼ 124)

rogression event

16 (13.0) 27 (21.8)

11 (8.9) 15 (12.1)

3 (2.4) 10 (8.1)

31 67

orsening of PAH 14 34

PAHa 8 8

lin for worsening of PAHb 7 16

2 9

el

e of disease 0.224 (0.112-0.448) 0.577 (0.295–1.127)

0.39 (0.15-1.00)

n (95% CI), unless otherwise indicated. Analyses were performed in the full analysis
the end of the main observation period þ 7 days. aDefined as a postbaseline decrease
he highest 6MWD obtained at or after screening, accompanied by FC III or IV (both
o consecutive postbaseline visits separated by 1-21 days). bPatients who initiated

nitial triple therapy (1 as first event, 6 as subsequent events), 8 initial double therapy
cTotal number of disease progression events/cumulative time on study (years) up to
vation period þ 7 days (or end of study, whichever occurs earliest). All events were
vents committee.

es 1 and 2.
99% CI: 0.46-0.78) in a large, predominantly prev-
alent population, with consistent outcomes in pa-
tients already treated with an ERA and PDE5i
(hazard ratio: 0.63; 95% CI: 0.44-0.90) (7,11). A
recent analysis from GRIPHON demonstrated a more
pronounced treatment effect for selexipag on dis-
ease progression in patients treated within
6 months from diagnosis (hazard ratio: 0.45;
95% CI: 0.33-0.63) versus those with a longer time
from diagnosis (hazard ratio: 0.74; 95% CI: 0.57-
0.96) (16). Furthermore, previous data showed that
initial double oral therapy slows PAH progression
compared with monotherapy (6). Our data build on
these by suggesting that initial triple oral therapy
may add incremental benefit over initial double
therapy for further delaying disease progression.

Despite no treatment effect between groups on
the week 26 endpoints of hemodynamic status and
functional capacity, a signal for a treatment effect
on disease progression until the end of the main
observation period was suggested. Observing a
benefit on outcome without a consistent effect on
functional parameters is not unusual in other dis-
ease areas, for example, in heart failure with beta-
blocker treatment (17,18), but is a recent observa-
tion in PAH. The reasons for the difference
observed in our study are unclear. One hypothesis
is that the improvements in hemodynamic status
and functional parameters at week 26 are sustained
for a longer duration with initial triple versus initial
double therapy. Alternatively, triple oral therapy
may delay disease progression through an unknown
mechanism, which is not captured by the week 26
endpoints in TRITON.

As the safety profiles of the study drugs are well
characterized (8,11,19,20), the novelty of our data re-
lates to the timing of treatment initiation. This is the
first randomized controlled trial to confirm that
newly diagnosed patients can tolerate initiation of 3
oral therapies within 2 weeks, a shorter time frame
than previously used for initial double oral therapy
(6).

STUDY LIMITATIONS AND STRENGTHS. The main
limitation of our findings was that analyses of disease
progression and mortality were either exploratory,
because of the testing hierarchy, or their post hoc
nature; in addition, the study was not event driven or
powered to assess long-term outcome. The interpre-
tation of the subgroup analyses of the primary
endpoint was limited by the small size of the sub-
groups assessed. There was also a small number of
patients who discontinued prior to the primary
endpoint assessment. Their missing values were



CENTRAL ILLUSTRATION Initial Triple Versus Double Oral Combination Therapy in Pulmonary
Arterial Hypertension

Chin, K.M. et al. J Am Coll Cardiol. 2021;78(14):1393–1403.

Newly diagnosed, treatment-naive patients with pulmonary arterial hypertension were randomized to either initial triple or initial double oral therapy. Changes in

pulmonary vascular resistance, 6-minute walk distance, and N-terminal pro–brain natriuretic peptide from baseline to week 26 are shown, alongside the treatment

effect on the risk for disease progression (up to end of main observation period). NT-proBNP ¼ N-terminal pro—brain natriuretic peptide.
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imputed as prespecified in the protocol and were
unlikely to affect the findings.

The strengths of the TRITON study design were the
evaluation of both short- and long-term outcomes
and the collection and adjudication of all disease
progression events, rather than just the first event
(6,8,11). The analysis of all disease progression events
in TRITON can inform future clinical trial design in
PAH. Subsequent long-term studies should consider a
similar approach, as collection of all disease pro-
gression events, rather than only the first event,
provides further information on outcomes relevant to
prognosis and quality of life and can offer insights
into the burden of PAH for patients.

CONCLUSIONS

In TRITON, the primary endpoint of change in
PVR at week 26 was not met. Although marked im-
provements from baseline were observed in hemo-
dynamic parameters and other clinical variables at
week 26 following both initial triple and initial double
oral therapy, there was no significant difference be-
tween groups. Our study shows that initial triple and



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND

PROCEDURAL SKILLS: During initial oral drug

therapy for patients with PAH, targeting the endo-

thelin and nitric oxide pathways is associated with

similar improvements in hemodynamic status and

functional capacity as targeting 3 pathways (the

endothelin, nitric oxide, and prostacyclin pathways).

Initial triple therapy may offer a potential benefit with

respect to disease progression.

TRANSLATIONAL OUTLOOK: Future studies

should compare rates of disease progression and
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pathway regimens for initial treatment of patients

with PAH.
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double oral therapy in patients with newly diagnosed
PAH are well tolerated, with the nature of reported
AEs generally consistent with these well-
characterized medications. Exploratory analyses
suggested a signal for reduced risk for disease pro-
gression with initial triple versus initial double oral
therapy, suggesting that incremental long-term
benefit can be gained by oral targeting of 3 rather
than 2 pathways.
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