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ABSTRACT

Introduction: Ralinepag is a potent, titratable,
orally administered prostacyclin (IP) receptor
agonist to treat pulmonary arterial hyperten-
sion. A phase II randomized, double-blind, par-
allel-group, placebo-controlled, 22-week study
of immediate-release (IR) ralinepag safety and

efficacy met its primary endpoint, significantly
reducing pulmonary vascular resistance (PVR)
compared with placebo. This phase II open-la-
bel extension (OLE) study assessed long-term
safety and tolerability of ralinepag.
Methods: Participants were eligible for the OLE
if they completed the parent study or experi-
enced a clinical worsening event while receiv-
ing placebo. Those previously receiving IR
ralinepag remained on their current dose, and
participants formerly administered placebo
were titrated to the highest tolerated dose. Par-
ticipants were transitioned to an extended-
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release ralinepag formulation toward the end of
the OLE. The primary objective evaluated long-
term safety and tolerability; secondary end-
points included changes in 6-min walk distance
(6MWD), World Health Organization/New York
Heart Association functional class, clinical
worsening, and hemodynamic measures.
Results: In total, 45/61 participants enrolled in
the OLE study, 30 from the IR ralinepag group
and 15 from the placebo group. The most
common adverse events (AEs) were known
prostacyclin-related effects (e.g., headache,
64.4%; diarrhea, 37.8%; jaw pain, 33.3%). There
was a notable decline in AEs after reaching and
maintaining a stable dose. At month 24 after
entering the OLE, 6MWD significantly
increased by a mean of 36.3 m (P = 0.004) from
OLE baseline, and most participants remained
stable in their functional class (84.8%). Post-
baseline PVR in 1 or 2 years decreased by a
median of 52.2 dyn.s/cm5 and mean pulmonary
arterial pressure decreased by a median of
2.0 mmHg (P = 0.05).
Conclusion: Ralinepag produced sustained,
durable improvements in 6MWD along with
durable reductions in PVR and a manageable AE
profile. Most participants continuing treatment
with ralinepag maintained functional measures
throughout the OLE and those switching from
placebo to ralinepag often experienced func-
tional improvements.

PLAIN LANGUAGE SUMMARY

Pulmonary arterial hypertension is a rare disease
caused by elevated pressure in the blood vessels
connecting the heart to the lungs. A previous
phase 2 study found that ralinepag significanlty
reduced pulmonary vascular resistance (the
force or resistance that blood encounters as it
flows through the blood vessels in the lungs)
compared with placebo. This clinical study of
45 patients investigated whether ralinepag was
safe and effective for long-term use to treat
people with pulmonary arterial hypertension.
All participants received ralinepag twice daily
until a new once daily pill was available later in
the study. The primary endpoints were long-

term safety and tolerability, and secondary
endpoints included exercise capacity, impact on
daily life (functional class), clinical worsening,
and hemodynamic measures (metrics to mea-
sure how well the heart is working). The study
found that ralinepag had a manageable side
effect profile, with a decrease in side effects for
patients who continued taking ralinepag over
time. Moreover, the study showed that raline-
pag improved the ability to exercise, main-
tained functional measures, and helped to
reduce pressure in the blood vessels connecting
the heart to the lungs over a 24-month period
for participants with pulmonary arterial
hypertension.

Keywords: PAH; Ralinepag; ADVANCE; Long-
term outcomes; Open-label extension;
Combination therapy; Tolerability; Safety

Key Summary Points

Why carry out this study?

Pulmonary arterial hypertension (PAH) is a
rare, progressive, and often fatal disease, and
there is a continuing unmet need for
tolerable treatments that improve clinical
parameters.

This phase II open-label extension study in
patients with PAH who completed the
blinded phase II parent trial assessed the
long-term safety and tolerability of ralinepag
and included secondary hemodynamic
endpoints.

What was learned from the study?

Safety was consistent with the parent study,
with a decline in adverse events over time
for patients continuing on ralinepag
treatment.

Treatment with ralinepag produced durable
improvements in 6-min walk distance and
hemodynamic measures, and those
continuing treatment from the parent study
often maintained functional measures.
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare
progressive disease characterized by an increase
in mean pulmonary arterial pressure (mPAP)
and pulmonary vascular resistance (PVR), with
normal pulmonary arterial wedge pressure [1].
PAH remains a severe and often fatal condition,
despite the approval of therapies for PAH that
have increased the overall median survival rate
[2–4]. There is a continuing unmet need to
develop alternative, less burdensome, and more
tolerable treatments that provide improvements
in clinical outcomes.

Ralinepag is a potent, titratable, orally
administered prostacyclin (IP) receptor agonist
being developed to treat PAH. Ralinepag pro-
motes vasodilation and inhibits smooth muscle
cell proliferation and platelet aggregation
through activation of the IP receptor, which
leads to increased levels of cyclic adenosine
monophosphate (cAMP) [5, 6]. Ralinepag has
been characterized in previous studies and has a
predictable and manageable safety profile [7–9].
Originally designed as an immediate-release (IR)
formulation, current ongoing phase III studies
are utilizing an updated extended-release (XR)
oral formulation, with a once-daily dosing reg-
imen that mimics the pharmacokinetics of
parenteral prostacyclin therapy [10–12]. With
this formulation, ralinepag can be continually
titrated with no maximum dose. Additionally,
the prolonged half-life of the XR formulation
results in lower peak-to-trough fluctuations,
reducing maximum concentration (Cmax) tol-
erability issues and potential diminished effi-
cacy associated with trough values of IR
formulations [7, 10, 13].

A phase II, randomized, double-blind, pla-
cebo-controlled, 22-week study of participants
with PAH was completed to evaluate the effi-
cacy, safety, and tolerability of IR ralinepag [9].
The study met its primary endpoint, showing a
significant reduction (29.8%, P = 0.03) in med-
ian PVR after 22 weeks of treatment with rali-
nepag compared with placebo (- 163.9 dyn.s/
cm5 vs 0.7 dyn.s/cm5; P = 0.02). Participants
reached an average dose of 259 lg (standard
deviation [SD] 168 lg) of the IR formulation

over the 22-week study period, with adverse
events (AEs) consistent with the known safety
profile of prostanoids.

During the open-label extension (OLE) of the
phase II study, participants were given the
opportunity to transition from the IR to the XR
formulation, once it was made available. Here,
we report findings from the phase II OLE study
to assess the long-term safety and tolerability of
ralinepag in participants with PAH who com-
pleted the phase II randomized controlled
study.

METHODS

Study Overview

The phase II OLE study evaluated the long-term
safety and tolerability of ralinepag in partici-
pants who completed the 22 week, double-
blind, parallel-group, placebo-controlled,
phase II study unless the participant withdrew
from treatment because of an AE or serious AE
in the randomized study. All participants from
the placebo group who experienced a clinical
worsening event were eligible to enroll in the
OLE study. All participants in the OLE study
received treatment with ralinepag.

The preceding phase II study was a multi-
center, randomized, double-blind, parallel-
group, placebo-controlled, 22-week study [9].
Full details of the study and entry criteria have
been previously published [9]. Briefly, the blin-
ded phase II study included participants on a
stable dose of one or two oral, approved, PAH
therapies. Participants were titrated up to the
maximum tolerated dose (MTD) reached over
9 weeks, followed by a 13-week maintenance
period.

Written informed consent was obtained
from all study subjects, and protocols were
approved by the institutional review board at
each participating study site. All procedures
performed were in accordance with the ethical
standards of the institutional and/or national
research committee and with the 1964 Helsinki
Declaration and its later amendments or com-
parable ethical standards.
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Dosing

Participants continuing in the OLE study who
were previously in the placebo group transi-
tioned to orally administered ralinepag 10 lg
twice-daily dosing (BID) with an individualized
9-week dose titration schedule during which
dosages were uptitrated weekly according to
each patient’s tolerance until an MTD was
determined. This was followed by maintenance
treatment. Patients previously on ralinepag
continued on their dose from the preceding
phase II study. Dose reductions and incremental
dose increases were allowed during the main-
tenance phase at the investigators’ discretion.
During the phase II OLE study, the XR oral
formulation of ralinepag being utilized in the
phase III study became available and partici-
pants were given the opportunity to transition
from IR to XR ralinepag.

Primary and Secondary Objectives

The primary objective of the phase II OLE study
was to evaluate the long-term safety and toler-
ability of ralinepag. Safety assessments included
clinical laboratory assessments, vital signs,
physical examination, electrocardiograms, and
any AEs. Secondary objectives included changes
from baseline OLE in 6MWD, World Health
Organization (WHO)/ New York Heart Associa-
tion (NYHA) functional class (FC), plasma
N-terminal pro-brain natriuretic peptide (NT-
proBNP), incidence of clinical worsening, and
hemodynamic measures obtained by right heart
catheterization. Baseline was defined as the last
measurement prior to the first dose of ralinepag
in the phase II OLE study. As a result of the
reduced sample size, changes in 6MWD, WHO/
NYHA FC, and NT-proBNP are presented up to
month 24. Clinical worsening events included
acute or chronic right heart failure, worsening
of WHO/NYHA FC or at least a 20% decrease in
6MWD from baseline, addition or change in
dose of PAH-specific concomitant medication,
hospitalization for worsening PAH, heart–lung
or lung transplant, or death or onset of treat-
ment-related AE with fatal outcome occurring
at most 14 days after discontinuing treatment.

The investigator’s discretion was used to con-
tinue the current dose of ralinepag, increase
dosage, interrupt treatment, or discontinue
therapy if participants met the criteria for clin-
ical worsening. Clinical assessments were per-
formed monthly for the first 3 months for
participants who were previously in the placebo
group, and then every 3 months thereafter for
all participants, until discontinuation or study
end. After study completion, participants could
elect to transition over to the ongoing phase III
OLE study.

Statistical Analysis

All analyses were based on the safety popula-
tion, which was defined as any participant who
received ralinepag at any time during the course
of the study. Baseline for all measurements was
defined as the last assessment prior to the first
dose of ralinepag in the OLE study. Descriptive
statistics of continuous variables included the
mean and SD, or median and interquartile
range (IQR) of observed values, as appropriate.
Discrete variables were analyzed using fre-
quency and percentages. The time to clinical
worsening was calculated from the treatment
start date in the OLE study to the first occur-
rence of clinical worsening. Any participants
who did not experience clinical worsening were
censored using the last date of clinical worsen-
ing assessment or the last study visit date. No
imputation was implemented for other missing
data.

RESULTS

Participant Demographics

In total, 45 participants from the 61 recruited
into the blinded phase II study elected to enroll
in the OLE study (Table 1 and Fig. 1). Thirty
participants had previously received ralinepag
(RAL to RAL), and 15 were from the placebo
group (PBO to RAL). The mean age was
49.7 years, 86.7% were female, 93.3% were
white, and the majority of participants were in
WHO/NYHA FC II (71.1%) or III (22.2%). There
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was a significant difference in age between the
two groups (RAL to RAL, mean 46.4 years [SD
13.2 years] vs PBO to RAL, mean 56.4 years [SD
10.8 years]; P = 0.01).

While changes in PAH background therapy
were not allowed in the parent study, 12 par-
ticipants (PBO to RAL, 4; RAL to RAL, 8) chan-
ged their background therapy medication
(added, removed, or changed drugs within a

Table 1 Baseline demographics

RAL to
RAL
N = 30

PBO to
RAL
N = 15

Overall
N = 45

Age at study entry

(years); mean (SD)

46.4

(13.2)

56.4

(10.8)

49.7

(13.2)

Female; n (%) 24 (80.0) 15

(100.0)

39 (86.7)

Race; n (%)

White 28 (93.3) 14 (93.3) 42 (93.3)

Black 1 (3.3) 0 1 (2.2)

Asian 1 (3.3) 0 1 (2.2)

Other 0 1 (6.7) 1 (2.2)

Time since PAH

diagnosis (years),*

mean (SD)

4.9 (4.5) 2.7 (2.9) 4.2 (4.2)

Etiology of PAH; n (%)

Idiopathic 15 (50.0) 8 (53.3) 23 (51.1)

Heritable 3 (10.0) 1 (6.7) 4 (8.9)

Drug or toxin-

induced

2 (6.7) 0 (0) 2 (4.4)

Associated with

CTD

7 (23.3) 6 (40.0) 13 (28.9)

Associated with

congenital systemic-

to-pulmonary

shunts

2 (6.7) 0 (0) 2 (4.4)

Unspecified 1 (3.3) 0 (0) 1 (2.2)

Background PAH therapy at randomization; n (%)

ERA only 1 (3.3) 4 (26.7) 5 (11.1)

PDE5-I only 10 (33.3) 4 (26.7) 14 (31.1)

ERA ? PDE5-I 17 (56.7) 7 (46.7) 24 (53.3)

ERA ? sGC

stimulator

2 (6.7) 0 (0) 2 (4.4)

6MWD (m)a; mean

(SD)

429.0

(103.9)

403.0

(114.0)

420.3

(106.8)

WHO/NYHA FC; n (%)

I 1 (3.3) 2 (13.3) 3 (6.7)

Table 1 continued

RAL to
RAL
N = 30

PBO to
RAL
N = 15

Overall
N = 45

II 23 (76.7) 9 (60.0) 32 (71.1)

III 6 (20.0) 4 (26.7) 10 (22.2)

PVR (dyn.s/cm5);a

mean (SD)

556.9

(296.9)

549.9

(245.1)

554.6

(277.9)

NT-proBNP (pg/

mL);a (median,

IQR)

316.9

(95.8,

757.6)

421.2

(140.7,

594.1)

357.6

(111.4,

754.6)

REVEAL Lite 2 risk

score;a mean (SD)

4.9 (3) 5.2 (3) 5.0 (3)

French non-invasive low-risk criteria met at baseline;a

n (%)

3 9 (30.0) 3 (20.0) 12 (26.7)

2 13 (43.3) 6 (40.0) 19 (42.2)

1 2 (6.7) 3 (20.0) 5 (11.1)

0 6 (20.0) 3 (20.0) 9 (20.0)

6MWD 6-min walking distance, CTD connective tissue
disease, ERA endothelin receptor antagonist, FC func-
tional class, IQR interquartile range, NT-proBNP N-ter-
minal pro-brain natriuretic peptide, NYHA New York
Heart Association, PAH pulmonary arterial hypertension,
PBO placebo, PDE5-I phosphodiesterase type 5 inhibitor,
PVR pulmonary vascular resistance, RAL ralinepag,
REVEAL Registry to Evaluate Early and Long-Term PAH
Disease Management, SD standard deviation, sGC soluble
guanylate cyclase, WHO World Health Organization
*Excludes data from 2 RAL to RAL participants and 3
PBO to RAL participants
aBaseline is defined as the last measure prior to the first
dose of ralinepag in the OLE study
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class) after enrolling in the OLE study, which
was consistent with standard of care in a global
study.

Drug Exposure and Immediate Release
to Extended Release

The median study drug exposure was
153.4 weeks overall, with a total exposure of

124.5 participant years (Table 2). The median
exposure to IR ralinepag was 103.0 weeks (102.8
for RAL to RAL and 111.9 weeks for the PBO to
RAL group), while the median exposure to XR
ralinepag was 48.1 weeks (43.1 and 49.4 weeks,
respectively). 6WMD and WHO/NYHA FC are
reported through month 24; at this time point,
3 of the 45 participants had transitioned to the
XR formulation from the IR formulation. The

Fig. 1 Subject disposition. AE adverse event, IR immediate-release, OLE open-label extension, PBO placebo, RAL ralinepag,
XR extended-release
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remainder of the study participants transitioned
after month 24.

Throughout the OLE study, 26.7% of partic-
ipants achieved a maximum total daily dose
(TDD) of less than 200 lg, 24.4% achieved a
maximum TDD of 200–400 lg, 33.3% achieved
a maximum TDD of 400–600 lg, and 16%
achieved a maximum TDD of at least 600 lg of
ralinepag (Fig. 2). Overall, 45 participants
reached a median maximum TDD in the OLE
study of 350 lg.

Efficacy Endpoints

After continuing into the OLE study, partici-
pants initially assigned to PBO or RAL all
experienced significant increases in mean
6MWD to month 24 of the OLE (36.3 m [SD
67.0]; P = 0.004; Fig. 3). When OLE baseline and
month 24 values were compared, participants
in the RAL to RAL group experienced a mean

(SD) increase of 33.6 m (68.2 m) (P = 0.04) and
those in the PBO to RAL group had a mean (SD)
increase of 40.3 m (67.6 m) (P = 0.05). Addi-
tionally, when blinded phase II study baseline
and month 24 OLE values were compared, par-
ticipants in the RAL to RAL group experienced a
mean (SD) increase of 76.2 m (96.2 m) and
those in the PBO to RAL group had a mean (SD)
increase of 87.6 m (71.5 m) (Fig. 3).

Most participants remained stable in their
WHO/NYHA FC through month 24 of the OLE
(28/33; 84.8%), but 2/33 (6.1%) improved and
3/33 (9.1%) deteriorated. Across the two groups,
2/20 (10.0%) participants in the RAL to RAL
group and no participants in the PBO to RAL
group improved; 16/20 (80.0%) and 12/13
(92.3%) participants maintained their WHO/
NYHA FC, and 2/20 (10.0%) and 1/13 (7.7%)
participants deteriorated, respectively.

The median plasma NT-proBNP from the
OLE baseline to month 24 was largely unchan-
ged for both groups (median change RAL to
RAL, - 21.0 pg/mL; PBO to RAL, ? 1.0 pg/mL),
while the median NT-proBNP change from the
baseline of the blinded phase II study to
month 24 of the OLE study was - 158.5 pg/mL
for RAL to RAL (n = 10) and 37.0 pg/mL for PBO
to RAL (n = 5).

After 24 months, 42.9% of participants
improved their Registry to Evaluate Early and
Long-Term PAH Disease Management (REVEAL)
Lite 2 risk category (RAL to RAL, 50.0%; PBO to
RAL, 25.0%) and 42.9% maintained their risk

Table 2 Dosing and exposure to therapy

Study drug exposure (weeks) Total N = 45

Median Min,
max

Ralinepag exposure in OLE, median 153.4 (14, 236)

Drug exposure in parent

study ? OLE, median

174.1 (43, 261)

OLE open-label extension

Fig. 2 Mean total ralinepag daily dosing. OLE open-label extension, PBO placebo, RAL ralinepag, SEM standard error of
the mean
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category (RAL to RAL, 40.0%; PBO to RAL,
50.0%; Table 3 and Fig. 4). Additionally, 40.0%
of participants had improvements in the num-
ber of French non-invasive low-risk criteria at
month 24 (RAL to RAL, 40.0%; PBO to RAL,
40.0%) while 46.7% maintained the number of
low-risk criteria (RAL to RAL, 50.0%; PBO to
RAL, 40.0%).

Overall, 12/45 (26.7%) participants showed
signs of clinical worsening (8 [26.7%] RAL to
RAL participants and 4 [26.7%] PBO to RAL
participants; P = 1.0). The overall median time
to the first clinical worsening was 58.0 weeks
(35.5 weeks for RAL to RAL participants vs
71.1 weeks for PBO to RAL participants).

In total, follow-up hemodynamic assess-
ments were completed for 31/45 participants in
the OLE study with a median (IQR) follow-up
time from baseline OLE of 17.9 months (14.5,
25.1 months). A delayed analysis of PVR was
performed to observe changes in PVR across the
blinded phase II and the OLE studies. As previ-
ously reported, PVR decreased for the RAL group
in the blinded phase II study, whereas it
increased slightly in the PBO group [9]. After
enrolling in the OLE, both groups experienced
PVR reductions at the OLE follow-up time point
(Fig. 4a), with very similar median (IQR) reduc-
tions for both groups (RAL to RAL, - 223.9
dyn.s/cm5 [- 342.6, - 88.6 dyn.s/cm5]; PBO to
RAL, - 202.6 dyn.s/cm5 [- 283.1, 210.8 dyn.s/
cm5]; Fig. 4b).

Safety and Tolerability

All participants experienced at least one AE
during the OLE study (Table 4). The most com-
mon AEs included headache (64.4%), diarrhea
(37.8%), and jaw pain (33.3%). Serious AEs

Fig. 3 Mean 6MWD over time. 6MWD 6-min walk distance, OLE open-label extension, PBO placebo, RAL ralinepag, SD
standard deviation, SEM standard error of the mean

Table 3 REVEAL Lite 2 assessments at baseline and
month 24

RAL to RAL
N = 30

PBO to RAL
N = 15

Overall
N = 45

Baseline, n (%)

High 4 (13.3) 3 (20.0) 7 (15.6)

Intermediate 10 (33.3) 3 (20.0) 13 (28.9)

Low 16 (53.3) 9 (60.0) 25 (55.6)

Month 24, n (%)

High 2 (20.0) 2 (50.0) 4 (28.6)

Intermediate 1 (10.0) 0 (0) 1 (7.1)

Low 7 (70.0) 2 (50.0) 9 (64.3)

Shift from baseline to month 24, n (%)

Improved 5 (50.0) 1 (25.0) 6 (42.9)

No change 4 (40.0) 2 (50.0) 6 (42.9)

Deteriorated 1 (10.0) 1 (25.0) 2 (14.3)

PBO placebo, RAL ralinepag, REVEAL Registry to Eval-
uate Early and Long-Term PAH Disease Management
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occurred in 46.7% of participants overall (RAL
to RAL, 53.3%; PBO to RAL, 33.3%), and severe
AEs occurred in 46.7% overall (46.7% and
46.7%, respectively). In total, 82.2% experi-
enced a treatment-related AE. Of these, 15.6%
were classified as severe (RAL to RAL, 6.7%; PBO
to RAL, 33.3%). The most common treatment-
related AEs were headache (60.0%), jaw pain
(33.3%), and diarrhea (28.9%). No serious AEs
were considered to be related to the study drug.

The incidence rate of treatment-related AEs
was lower for RAL to RAL participants compared
with the PBO to RAL group (76.7% vs 93.3%),
with a lower incidence of headache, diarrhea,
and nausea for RAL to RAL participants.

AEs led to discontinuation in 7 (15.6%) par-
ticipants (RAL to RAL, 5 participants; PBO to
RAL, 2 participants). Other reasons for discon-
tinuation included clinical worsening (4.4%),
sponsor decision (2.2%), and consent with-
drawal (4.4%). After study completion, partici-
pants could also transition into the ongoing
phase III OLE study. In total, 25 participants
from the phase II OLE study transitioned to the
phase III program. There were a total of
6 (13.3%) deaths during the OLE study: 4 RAL to
RAL participants and 2 PBO to RAL participants.
No deaths were considered to be related to
ralinepag exposure, rather the deaths were due
to coronavirus disease 2019 (COVID-19) (n = 1),
COVID-19 pneumonia (n = 1), cardiorespiratory
failure (n = 1), and right heart failure (n = 3).
Additionally, 2 participants who discontinued
because of an AE in the RAL to RAL group died

within the 28-day follow-up period (hemopty-
sis, n = 1; multiple organ dysfunction syn-
drome, n = 1).

Fig. 4 Absolute PVR over time. a PVR from blinded
baseline through the end of the OLE. b Median and IQR
of PVR at the different time points. IQR interquartile

range, OLE open-label extension, PBO placebo, PVR
pulmonary vascular resistance, RAL ralinepag

Table 4 Summary of AEs

AE type,
n (%)

RAL to RAL
N = 30

PBO to RAL
N = 15

Total
N = 45

AEs 30 (100.0) 15 (100.0) 45

(100.0)

Treatment-

related

AEs

23 (76.7) 14 (93.3) 37 (82.2)

SAEs 16 (53.3) 5 (33.3) 21 (46.7)

Treatment-

related

SAEs

0 0 0

Preferred term (C 30%)

Headache 16 (53.3) 13 (86.7) 29 (64.4)

Pain in jaw 11 (37.6) 4 (26.7) 15 (33.3)

Diarrhea 10 (33.3) 7 (46.7) 17 (37.8)

Nausea 8 (26.7) 6 (40.0) 14 (31.1)

Myalgia 7 (23.3) 5 (33.3) 12 (26.7)

AE adverse event, PBO placebo, RAL ralinepag, SAE seri-
ous adverse event
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DISCUSSION

This phase II OLE study was conducted to eval-
uate the long-term safety and tolerability of
continued therapy with orally administered
ralinepag in participants with PAH who com-
pleted a preceding blinded phase II study. Par-
ticipants who received ralinepag in the blinded
phase II study continued on their current dose,
and those who previously received placebo were
transitioned to ralinepag and titrated until an
MTD was reached.

The results of the OLE study show that rali-
nepag produced clinically relevant, sustained,
and durable improvements over 24 months in
6MWD, with an overall median improvement
from baseline of 41.0 m (P = 0.004), initially
driven by PBO to RAL participants. Most par-
ticipants remained stable in their WHO/NYHA
FC (84.8%), including 92.3% of PBO to RAL
participants. Notably, some RAL to RAL partic-
ipants experienced ongoing improvements in
their WHO/NYHA FC group through month 24
of the OLE study (FC shift from OLE baseline to
month 24: I, 3.3% to 10.0%; II, 76.7% to 70.0%;
III, 20.0% to 20.0%). Additionally, participants
also experienced durable improvements in
hemodynamic measures, with an overall med-
ian decrease from baseline of 52.2 dyn.s/cm5 in
PVR. These long-term results support the initial
blinded phase II data which reported a 20.1%
reduction from baseline in PVR for participants
on ralinepag (P\0.0001) and suggest that rali-
nepag further decreased PVR after 22 weeks
treatment in the preceding blinded study. In
contrast, in the PBO group, PVR increased dur-
ing the blinded study and did not decrease until
ralinepag was administered in the OLE [9].
Additionally, more participants improved or
had no change in their REVEAL Lite 2 and
French non-invasive risk scores than deterio-
rated at month 24 in both groups.

Of note, these results were seen even though
the majority of participants (57.7%) were on
dual PAH-specific background therapy at base-
line. In comparison, in the pivotal phase III
study of selexipag, only 32.5% were on dual
background therapy [14]. Dual background
therapy with an endothelin receptor antagonist

and a phosphodiesterase 5 inhibitor is currently
regarded as standard of care for patients with
PAH at intermediate risk [15–17]. It can be more
difficult to assess the additive benefits of a study
drug in participants taking one or two back-
ground therapies. The 6MWD test has been
shown to have a ceiling effect, with additional
treatments showing only modest or no
improvement [18]. In the blinded phase,
patients on placebo experienced an unexpected
increase in 6MWD that precluded the ability to
detect differences compared with the RAL
group. This increase was attributed to the fact
that patients on placebo had a shorter duration
of PAH therapy before entering the study. The
blinded phase II and OLE studies of ralinepag,
however, showed a durable 6MWD treatment
effect over the duration of both studies, despite
a high number of participants on dual back-
ground therapy.

Our findings also support the favorable
emergent safety profile of ralinepag with the IR
formulation. The frequencies and severities of
AEs were consistent with those seen in the
preceding blinded phase II study. The incidence
of treatment-related AEs was lower in RAL to
RAL participants compared with PBO to RAL
participants (76.7% vs 93.3%), leading to dis-
continuation in seven participants overall
which was not unexpected given the duration
of the study. This is likely due to improved
tolerability to ralinepag treatment over time.
The majority of AEs related to ralinepag were
observed in participants who were treatment
naı̈ve, as is expected for those initiating treat-
ment targeting the prostacyclin pathway, and
no participants experienced a serious AE that
was considered to be related to ralinepag
treatment.

In PAH, the expression and function of
prostacyclin are decreased, leading to dimin-
ished levels of cAMP and ultimately increased
proliferation of vascular smooth muscle cells
and decreased vasodilation [19]. Agents that
target the prostacyclin pathway, such as raline-
pag, stimulate the IP receptor, helping to pre-
vent the downstream effects of the disease. The
results of the blinded phase II and OLE studies
show promising data regarding the efficacy and
safety of IR formulation ralinepag treatment for
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patients with PAH and that the XR formulation
has the potential to be a tolerable and easy-to-
use prostacyclin therapy option for patients
with PAH.

The phase III ADVANCE OUTCOMES study
(NCT03626688) is currently evaluating the XR
oral formulation of ralinepag. The ADVANCE
OUTCOMES study has a 16-week titration per-
iod, with dosing starting at 50 lg and continu-
ing up to the highest tolerated dose. The
outcome of this ongoing phase III study will
help to determine the efficacy, safety, and tol-
erability of XR ralinepag when added to PAH
standard of care or PAH-specific background
therapy. This extended-release formulation has
the potential to improve tolerability by mini-
mizing Cmax fluctuations and Cmin-related
diminished efficacy while maintaining thera-
peutic levels of exposure throughout the day
and minimizing the peak-to-trough fluctuations
in drug plasma concentration that can occur
with IR dosing [10–13, 20].

The analysis and conclusions obtained from
this OLE study are limited by a lack of blinding
or placebo control, so that bias cannot be
eliminated. The sample size was relatively small
with more participants from the ralinepag
group in the preceding blinded phase II study
having transitioned to the phase II OLE study.
There is also a potential for selection bias for the
cohort of participants who elected to continue
in the OLE study. Long-term data are needed
from participants exposed to the ralinepag XR
formulation to evaluate sustained safety, toler-
ability, and treatment effects.

CONCLUSION

This phase II OLE study analysis showed that
ralinepag produces durable hemodynamic
improvements along with sustained, durable
increases in 6MWD. Additionally, ralinepag had
a predictable and manageable side effect profile.
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