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ABSTRACT

Introduction: In the event-driven FREEDOM-
EV trial, oral treprostinil delayed clinical wors-
ening in patients with pulmonary arterial
hypertension (PAH). Open-label extension
studies offer additional data about tolerability,
efficacy, and survival, especially for those

initially assigned placebo. The aim of the cur-
rent study was to determine if oral treprostinil
changed survival when considering the parent
and extension study, if treprostinil provides
functional benefits for participants initially
assigned to placebo, and if the benefits observed
for those treated with treprostinil were durable.
Methods: Both active and placebo participants
from FREEDOM-EV could enroll in the FREE-
DOM-EV open-label extension (OLE) study after
experiencing an investigator-assessed clinical
worsening event or after parent study closure.
All participants in the OLE were offered open-
label oral treprostinil. Previously assigned pla-
cebo participants titrated to maximally toler-
ated doses; previously assigned treprostinil
participants continued dose titration. We repe-
ated assessments including functional class and
6-min walk distance (6MWD) at 12-week inter-
vals and measured N-terminal pro-brain
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natriuretic peptide (NT-proBNP) at week 48.
Survival was estimated by Kaplan–Meier analy-
sis, and we estimated hazard ratio (HR) using
Cox proportional hazards.
Results: Of 690 FREEDOM-EV participants, 470
enrolled in the OLE; vital status was available
for 89% of initial Freedom-EV participants.
When considering the combined parent and
open-label data, initial assignment to oral tre-
prostinil reduced mortality (HR 0.64, 95% con-
fidence interval 0.46–0.91, p = 0.013); absolute
risk reduction was 9%. Participants randomized
to placebo who initiated oral treprostinil after
clinical worsening and tolerated treatment
through week 48 demonstrated favorable shifts
in functional class (p\0.0001), 6MWD
improvements of ? 84 m (p\ 0.0001), and a
reduction in NT-proBNP of - 778 pg/mL
(p = 0.02), compared to OLE baseline. Modest
trends toward benefit were measured for those
initially assigned placebo who did not have
clinical worsening, and 132/144 (92%) of tre-
prostinil assigned participants without clinical
worsening remained on drug at week 48 in the

OLE study. Adverse events were consistent with
FREEDOM-EV.
Conclusion: Initial treprostinil assignment
improved survival in the entire data set; those
who began treprostinil after a clinical worsen-
ing in the placebo arm and tolerated drug to
week 48 enjoyed substantial functional gains.
Clinical Trial Registration: ClinicalTrials.gov
identifier NCT01560637.

Keywords: Pulmonary arterial hypertension;
Clinical study; Combination therapy; Clinical
worsening; Prostacyclin; Risk status;
COMPERA 2.0; REVEAL Lite 2
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Key Summary Points

The original FREEDOM-EV study
demonstrated statistically significant
reduction in mortality for those randomly
allocated to active therapy. Here, we
report the results of three additional years
of open-label observation after the close of
the placebo-controlled, event-driven
study.

In FREEDOM-EV OLE the survival curves
separate at 2 years and absolute risk
reduction for death is 9%.

This study reports notable functional
benefits (6MWD improvement, NT-
proBNP reduction, and functional class
shift) for those who began active therapy
after initial assignment to placebo.

This data provided the opportunity to
‘‘look back’’ and see that the participants
who suffered clinical worsening events
during the original Freedom-EV study
were substantially different at baseline
than those who did not.

INTRODUCTION

Pulmonary arterial hypertension (PAH) is a rare
but progressive and often fatal lung vascular
disease, and while therapy options have greatly
expanded, evidence to guide clinicians in
choosing specific drugs remains sparse [1]. His-
torically, data from open-label extensions sup-
plemented the primary efficacy data [2–4],
assessing durability for those initially assigned
active and any benefit for those initially
assigned placebo (PBO). Three times daily oral
treprostinil (TRE) was shown to reduce the risk
of clinical worsening in the FREEDOM-EV study

[5]. Those who had a clinical worsening event
(CWE) were immediately eligible for open-label
treatment; those who completed the study
without clinical worsening (CW) were eligible at
the close of the primary study. We interrogated
this data in three ways: (1) to assess the survival
benefit over a longer period of observation
(especially for those randomized late in the
study); (2) to assess any benefits in placebo
participants starting treprostinil; (3) to evaluate
durability of functional benefits for treprostinil
participants in the parent study.

METHODS

Study Design

Many details about the methods are included in
the Supplementary Material; briefly, the FREE-
DOM-EV trial was a randomized, double-blind,
placebo-controlled, event-driven study con-
ducted between June 2012 and June 2018. Both
active (oral TRE) and placebo participants from
FREEDOM-EV could enroll in the open-label
extension (OLE) after experiencing an investi-
gator-assessed CWE (or after parent study clo-
sure) [5]. Patients were excluded from the OLE
study if they had discontinued participation in
FREEDOM-EV for any reason other than a CWE
or if they had received treatment with infused
or inhaled prostacyclin for 29 days or more. The
OLE closed in July 2021, and 121 individuals
who did not have access to commercial drug are
still taking treprostinil through the sponsor.
Data were collected and analyzed according to a
prespecified statistical analysis plan, and all
authors had access to the source-verified data
and attest to the accuracy and completeness of
this report. The study was conducted in accor-
dance with the tenets of the Declaration of
Helsinki and Good Clinical Practice. Written
informed consent was obtained from all partic-
ipants. The protocol and all study-related doc-
uments were approved by the institutional
review board or independent ethics committee
for each site (Supplementary Materials).
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Selection of Participants

Participants were 18–75 years of age, met the
2013 consensus definition of group 1 PAH [6],
and had a 6-minute walk distance (6MWD)
C 150 m at the screening visit for the FREE-
DOM-EV study. Any participant alive after a
CWE was eligible for open-label treprostinil,
including those who had a CWE while on active
therapy.

Trial Procedures

After the sponsor’s acceptance of a complete
CWE report and the site’s confirmation of
enrollment in the OLE, the interactive voice
response system issued unblinded information
to guide dosing in the OLE. Participants who
were already using treprostinil continued at the
previous dose and were able to titrate further
without limitation (identified as TRE ? TRE).
Those initially assigned placebo were instructed
to begin oral treprostinil 0.125 mg three times
daily (spaced carefully every 6 to 8 h with food,
identified as PBO ? TRE) and no maximum
dose was specified.

Outcome Measures

Study participants were assessed at OLE enroll-
ment (baseline OLE), week 6, and every
12 weeks thereafter. Efficacy assessments inclu-
ded 6MWD, Borg dyspnea score, and World
Health Organization (WHO) functional class;
plasma N-terminal pro-brain natriuretic peptide
(NT-proBNP) was collected at week 48 only.
Before the final statistical analysis plan was
submitted to the US Food and Drug Adminis-
tration (FDA), we planned an a priori risk anal-
ysis using three noninvasive variables as
previously proposed [7] and validated [8] (i.e.,
6MWD, NT-proBNP, and WHO functional
class); for the current report, we supplemented
the French noninvasive risk analysis with the
COMPERA 2.0 score [9] and the REVEAL
Lite 2 score [10]. Safety assessments included
evaluation of adverse events (AEs) and clinical
laboratory parameters.

RESULTS

Participants

Of the 690 initial FREEDOM-EV participants,
470 (68%) enrolled in the OLE (Fig. 1). Table 1
shows the demographic and clinical character-
istics of participants, divided by their initial
treatment assignment in the parent study. Par-
ticipants were predominantly female; 57% had
WHO functional class I or II symptoms, and
74% were taking a phosphodiesterase 5 (PDE5)
inhibitor or soluble guanine cyclase (sGC)
stimulator.

Figure 1 shows the overall disposition of
participants in the parent FREEDOM-EV study
as they entered into the OLE as well as the rea-
sons for discontinuation before the week 48
timepoint when we made the key efficacy
observation during open-label experience. We
separated participants into four groups, catego-
rized by original treatment assignment and
CWE status from the parent study. Of note,
discontinuations for AEs by week 48 for previ-
ous treprostinil participants was low (7%)
compared to 11% of previous placebo partici-
pants (who were exposed to treprostinil for the
first time; most discontinuations due to adverse
effect occur early). Of the 144 treprostinil par-
ticipants who entered OLE without a CWE, 132
(92%) continued to week 48.

Survival

Initial treprostinil assignment resulted in a 9%
absolute risk reduction for death compared to
those initially assigned placebo, acknowledging
11% missing data overall. An unadjusted
Kaplan–Meier analysis is shown in Fig. 2a. Most
(75%) of the placebo-assigned participants from
FREEDOM-EV enrolled in the open-label study
and began oral TRE with a median treatment
delay of 55 weeks (placebo exposure of
55 weeks). Even among the low-risk group that
was initially assigned placebo and completed
the parent study without a CWE, there were five
deaths before week 48 (as compared to zero
among treprostinil assigned participants who
completed the open label without CWE, Fig. 1).
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With the additional deaths, which accumulated
disproportionately among former placebo par-
ticipants during the open-label study, the sur-
vival curves now separate at 2 years. There was a
36% reduction in risk of death for participants
initially assigned oral TRE compared to placebo;
the hazard ratio (HR) was 0.64 (95% CI
0.46–0.91, p = 0.013). Figure 2b shows the
complete set of hazard ratios as deaths were
recorded in the parent FREEDOM-EV, OLE, and
Vital Status Subtudy. Finally, with regard to the
missing data, a ‘‘tipping point’’ analysis indi-
cates that the result is robust; even if we
assumed eight excess deaths among treprostinil
participants for this group of 74 whose vital
status is unknown, the mortality benefit would
remain statistically significant (theoretical
Fisher’s exact in that case, p = 0.049).

Dosing and Exposure

Figure 3 provides dosing information for the
four groups after enrollment in the OLE. Over
the first 24 weeks of the OLE, the PBO ? TRE
participants steadily titrated oral TRE to doses
comparable to actively treated participants in
FREEDOM-EV at week 24 [5]. Interestingly, the
PBO ? TRE participants with clinical worsening
(CWE) reached 5.7 mg TID at week 48, while
the PBO ? TRE participants without clinical
worsening (no CWE) did not titrate as rapidly or
achieve doses as high. In the safety analysis, the
median exposure to oral TRE for those originally
randomized to PBO was 113 weeks (IQR 47, 159)
and 223 weeks (IQR 152, 290) for those ran-
domized to oral TRE (inclusive of exposure in
FREEDOM-EV and OLE.)

Fig. 1 CONSORT diagram for the open-label extension
of the FREEDOM-EV study showing reasons for discon-
tinuation until the week 48 timepoint when the key
clinical assessments were made. Thirty participants initially
assigned to placebo and 27 participants initially assigned to
treprostinil completed FREEDOM-EV and were eligible

to enroll but did not (i.e., they had not had a disqualifying,
drug related adverse event but decided for some other
reason not to enroll). CWE clinical worsening event, No
CWE no clinical worsening event, OLE open-label
extension, PBO placebo, TRE oral treprostinil
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Table 1 Baseline demographic and clinical characteristics of participants stratified according to initial treatment assignment
in the parent Freedom-EV study (at time of enrollment in Freedom-EV)

FREEDOM-EV Placebo
(n = 258)

FREEDOM-EV Oral
treprostinil (n = 212)

Overall
(n = 470)

Age at study entry, mean (SD), years 47 (15) 47 (16) 47 (15)

Sex, female, n (%) 207 (80) 167 (79) 374 (80)

Race, n (%)

White 130 (50) 115 (54) 245 (52)

Black or African American 8 (3) 2 (1) 10 (2)

Asian 119 (46) 94 (44) 213 (45)

Unknown 1 (0) 1 (1) 2 (0)

Region, n (%)

North America 40 (16) 17 (8) 57 (12)

Asia–Pacific 121 (47) 102 (48) 223 (47)

Europe 28 (11) 30 (14) 58 (12)

South and Central America 69 (27) 63 (30) 132 (28)

Time since diagnosis, median (IQR),

months

28 (14, 50) 31 (17, 49) 30 (16, 49)

Etiology of PAH, n (%)

Idiopathic or heritable PAH 158 (61) 141 (67) 299 (64)

Connective tissue disease 62 (24) 52 (25) 114 (24)

Other 38 (15) 19 (9) 57 (12)

6MWD, n (%)

[ 440 m 92 (36) 84 (40) 176 (38)

B 440 m 161 (64) 125 (60) 286 (62)

6MWD, mean (SD), m 388 (128) 397 (129) 392 (128)

WHO functional class at baseline, n (%)

I 19 (7) 22 (10) 41 (9)

II 122 (47) 104 (49) 226 (48)

II 106 (41) 76 (36) 182 (39)

IV 11 (4) 10 (5) 21 (5)

Background PAH therapy at baseline of FREEDOM-EV, n (%)

PDE5i or sGCS alone 185 (72) 163 (77) 348 (74)

ERA alone 73 (28) 49 (23) 122 (26)

Time on background PAH therapy,

median (IQR), weeks

105 (57, 183) 114 ( 65, 191) 109 (61, 187)
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Baseline Characteristics of Groups
with CWE

Not surprisingly, the groups (both placebo-as-
signed and treprostinil-assigned) that had CWE
had a high average risk profile at the time of
entry into OLE (Table 2, top) as compared to
those who did not have CWE. Perhaps more
interesting, looking back to baseline character-
istics at enrollment in the parent study, the
CWE groups also looked markedly different
than the groups that did not have a CWE
(Table 2, bottom). The two sets of participants

who had CWE had much higher NT-proBNP,
significantly lower 6MWD, and a more severe
functional class profile at baseline in the parent
study, yielding a substantially higher risk
score/classification whether calculated by
REVEAL Lite 2 or COMPERA 2.0.

Previous Placebo Participants with CWE

Of the 108 placebo-assigned participants who
had CWE and entered OLE, there were 11
deaths (10%) in this high-risk group during the
first 48 weeks, and 16 (15%) did not tolerate

Table 1 continued

FREEDOM-EV Placebo
(n = 258)

FREEDOM-EV Oral
treprostinil (n = 212)

Overall
(n = 470)

French noninvasive low-risk criteria met at baseline, n (%)

Total participants with all three measures

available

234 190 424

3 46 (20) 54 (28) 100 (24)

2 63 (27) 48 (25) 111 (26)

1 52 (22) 39 (21) 91 (21)

0 73 (31) 49 (26) 122 (29)

REVEAL Lite 2 at baseline, n (%)

Total participants with

calculatable measures

257 208 465

Low 116 (45) 107 (51) 223 (48)

Intermediate 50 (19) 44 (21) 94 (20)

High 91 (35) 57 (27) 148 (32)

COMPERA 2.0 at baseline, n (%)

Total participants with

calculatable measures

233 190 423

Low 84 (36) 80 (42) 164 (39)

Intermediate-low 73 (31) 63 (33) 136 (32)

Intermediate-high 66 (28) 41 (22) 107 (25)

High 10 (4) 6 (3) 16 (4)

6MWD 6-min walk distance, ERA endothelin receptor antagonists, IQR interquartile range, PAH pulmonary arterial
hypertension, PDE5i phosphodiesterase 5 inhibitors, SD standard deviation, sGC soluble guanine cyclase, WHO World
Health Organization
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drug, similar to the AE dropout rate in the par-
ent trial (Fig. 1). Sixty-nine (64%) completed
assessments at week 48, and 58 had a recorded
6MWD which increased on average 84 m
(Fig. 4a, p \0.0001 compared to open-label
baseline). Forty-nine had an NT-proBNP which

fell (Fig. 4b, p \0.03), and 65 had a WHO
functional class assessment at week 48 (with
improvement in 43%, Fig. 4c, p\0.0001). We
added a post hoc analysis of the open-label data,
using the more recently described
COMPERA 2.0 and REVEAL Lite 2 risk scores

Fig. 2 A Oral treprostinil reduced mortality even after
initial placebo participants crossed over to active treate-
ment with oral TRE. A total of 346 participants were
initially assigned oral treprostinil and 344 matching
placebo; for 74 participants (11%), vital status was
unknown. In July 2021 at final database closure, hazard
ratio for death among those initially assigned treprostinil
was 0.64 (95% CI 0.46–0.91, p = 0.013). In the main EV
study, participants were censored at time of study
withdrawal, but most participants continued to be
followed in a ‘‘vital status substudy’’ which involved phone
confirmation of vital status every 6 months until October

2018. Participation in OLE was high for those who
completed the EV study; 258 of 288 eligible placebo-
assigned participants enrolled (30 declined to continue
participating even though eligible) and 212 of 239 eligible
treprostinil-assigned participants enrolled (27 declined to
continue). In OLE, participants were censored as soon as
they withdrew without further attempts to determine vital
status. B Tabular summary of all-cause deaths in FREE-
DOM-EV, FREEDOM-EV OLE, and the Vital Status
Substudy. CI confidence interval, DC discontinued, HR
hazard ratio, OLE open-label extension, PBO placebo,
TRE oral treprostinil
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instead of the French noninvasive (the score we
had selected a priori for the analyses in the
parent FREEDOM-EV study). Most (58%) of
these participants were intermediate-high risk
at baseline in the OLE (this group had all
experienced CWE), and a substantial minority
were high risk (Fig. 4d). For the 51 with a score
at week 48, more than half of the group
improved with 51% now intermediate-low risk
(Fig. 4d, p = 0.0004). Similarly, REVEAL Lite 2
assessed this to be a very high-risk group at
open-label baseline, and because REVEAL Lite 2
is less sensitive to missing data, 64 of the 69
who completed week 48 had a score (Fig. 4e).
When considering the categorical low/inter-
mediate/high strata, 35% shifted favorably, and
36% had dropped to low risk (Fig. 4e, p = 0.001).
REVEAL Lite 2 produces an integer score, and
on average, the score dropped by 1.2 ± 1.9
(p\ 0.0001); a drop of at least 1 in this con-
tinuous, quantitative scoring system is prog-
nostically significant [11], and most, 39/64
participants, dropped by at least 1 (p\ 0.0001).
Tabular data at week 48 is presented as Supple-
mentary Material Table 1.

Previous Placebo Participants Without
CWE

The placebo-assigned participants who enrolled
in OLE at the close of the parent study (no CWE,
n = 150) were a low-risk group (Table 2, Fig. 5d;
mean REVEAL Lite 2 = 4.5). By week 48 of open-
label experience, 13 participants (9%) had
stopped the drug because of adverse effects
(lower than the parent study), and 5 (3%) had
died. For the 125 (83%) who had a week 48
assessment, exposure to oral treprostinil pro-
duced favorable trends including a significant
reduction in NT-proBNP. The mean 6MWD at
baseline in OLE was 450 m, and 58% had a
6MWD distance C 440 m; the median walk
increased numerically by 6 m (Fig. 5a, p = 0.19).
Similarly, the median NT-proBNP was 270 pg/
mL, and 52% had an NT-proBNP\300 pg/mL.
Even so, there appeared to be a favorable effect
of treprostinil as the mean reduction in NT-
proBNP was 140 pg/mL, and Fig. 5b shows that
the upper bound of the IQR dropped visually
(p = 0.03). A similar trend was also observed for
WHO functional class with 12% improving
(Fig. 5c, p = 0.07). Integrating these observa-
tions into the COMPERA 2.0 score, we observed
that 90% of these participants began open-label

Fig. 3 Dosing increased steadily for initial placebo
participants as they entered open label, and doses at week
24 (approx. 3.5 mg TID) were very similar to the actively
treated group in the parent EV study. CWE clinical

worsening event, NO CWE no clinical worsening event,
OLE open-label extension, PBO placebo, SD standard
deviation, TID three times daily, TRE oral treprostinil

626 Adv Ther (2024) 41:618–637



Table 2 Clinical characteristics of groups with and without CWE at baseline of OLE and parent study

PBO ? TRE
CWE
n = 108

PBO ? TRE
No CWE
n = 150

TRE ? TRE
CWE
n = 66

TRE ? TRE
No CWE
n = 144

Baseline FREEDOM-EV OLE

WHO FC, n (%)

I 0 (0) 19 (13) 1 (2) 21 (15)

II 14 (13) 108 (72) 3 (5) 101 (70)

III 83 (77) 23 (15) 52 (79) 22 (15)

IV 11 (10) 0 (0) 10 (15) 0 (0)

6MWD, mean (SD), m 302 (117) 450 (96) 288 (138) 448 (84)

NT-proBNP, median (IQR), pg/mL 2318 (572,

5166)

270 (127,

1059)

2208 (902,

4276)

203 (103, 856)

REVEAL Lite 2, n (%)

Total participants with calculatable measures 107 150 64 144

Low 15 (14) 101 (67) 6 (9) 101 (70)

Intermediate 23 (21) 27 (18) 13 (20) 31 (22)

High 69 (64) 22 (15) 45 (70) 12 (8)

REVEAL Lite 2 quantitative score, mean

(SD)

8.2 (2.3) 4.5 (2.3) 8.5 (2.1) 4.3 (2.1)

COMPERA 2.0, n (%)

Total participants with calculatable measures 90 143 53 137

Low 2 (2) 82 (57) 1 (2) 79 (58)

Intermediate-low 26 (29) 47 (33) 13 (25) 50 (36)

Intermediate-high 52 (58) 14 (10) 33 (62) 8 (6)

High 10 (11) 0 (0) 6 (11) 0 (0)

Baseline FREEDOM-EV

WHO FC (%)

I 1 (1) 9 (6) 3 (5) 5 (4)

II 56 (52) 110 (73) 28 (42) 93 (65)

III 51 (47) 31 (21) 35 (53) 46 (32)

IV 0 (0) 0 (0) 0 (0) 0 (0)

6MWD, mean (SD), m 386 (92) 422 (97) 385 (76) 406 (86)

NT-proBNP, median (IQR), pg/mL 775 (238, 2661) 243 (93, 821) 962 (408, 2403) 329 (159,

1042)
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experience with either low or intermediate-low
status, and nonetheless, we observed a trend
with 14% improved by one stratum (Fig. 5d,
p = 0.10). REVEAL Lite 2 made a similar estimate
with 85% being intermediate or low risk at
baseline but the three-strata model was less
sensitive to improvement (Fig. 5e). The quanti-
tative REVEAL Lite 2 score did not change, but
started quite low with a mean of 4.5.

Previous Treprostinil Participants Starting
OLE

For the low-risk group assigned to treprostinil
who completed the parent study without CWE
(n = 144), we observed stability over the first
48 weeks of open-label experience. There were
no deaths, although ten participants (7%)
stopped the drug because of AEs. For 126 par-
ticipants who had a 6MWD at week 48, it was
similar to baseline (Fig. 6a); for 122 participants

who had NT-proBNP, it was again steady with
median baseline and week 48 values below
300 pg/mL (Fig. 6b). Functional class was like-
wise stable with an equally small number of
patients improving and declining (Fig. 6c). The
distribution of COMPERA 2.0 scores at baseline
was 94% low or intermediate-low risk, and
again, the results were largely stable with an
equally small number of participants improving
and declining (Fig. 6d). REVEAL Lite 2 had a few
more observations than COMPERA 2.0 (less
sensitive to missing data) and suggested the
possibility that more patients (16%) deterio-
rated than improved (9%), but overall, these
scores were also stable (Fig. 6e, p = 0.08).
Quantitatively, the REVEAL Lite 2 score started
at 4.3 ± 2.1 (extremely low risk) and increased
by 0.4 ± 1.6 at week 48 OLE. The inclusion of
more labile variables (heart rate, blood pressure)
into REVEAL Lite 2 may make it more prone to
noise in therapeutic trials.

Table 2 continued

PBO ? TRE
CWE
n = 108

PBO ? TRE
No CWE
n = 150

TRE ? TRE
CWE
n = 66

TRE ? TRE
No CWE
n = 144

REVEAL Lite 2, n (%)

Total participants with calculatable measures 105 146 60 143

Low 37 (35) 91 (62) 11 (18) 73 (51)

Intermediate 18 (17) 36 (25) 23 (38) 38 (27)

High 50 (48) 19 (13) 26 (43) 32 (22)

REVEAL Lite 2 quantitative score, mean (SD) 6.5 (2.6) 4.8 (2.2) 7.1 (2.0) 5.4 (2.3)

COMPERA 2.0, n (%)

Total participants with calculatable measures 105 147 60 143

Low 23 (22) 73 (50) 5 (8) 56 (39)

Intermediate-low 43 (41) 57 (39) 35 (58) 64 (45)

Intermediate-high 38 (36) 17 (12) 20 (33) 22 (15)

High 1 (1) 0 (0) 0 (0) 1 (1)

6MWD 6-minute walk distance, ERA endothelin receptor antagonists, IQR interquartile range, NT-proBNP N-terminal
pro-brain natriuretic peptide, PAH pulmonary arterial hypertension, PDE5i phosphodiesterase 5 inhibitors, SD standard
deviation, sGC soluble guanine cyclase, WHO World Health Organization, COMPERA 2.0 Comparative, Prospective
Registry of Newly Initiated Therapies for Pulmonary Hypertension Version 2.0, REVEAL Lite 2 Registry to Evaluate Early
and Long-term PAH Disease Management Version 2
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A small group (n = 66) of treprostinil-as-
signed participants had a CWE in the parent
study and yet still continued treprostinil in the
OLE, which seemed an unusual decision for us
as author-investigators. These participants were
largely (70%) from regions of the world in
which access to expert care and drugs may have
influenced the decision to continue participat-
ing in a study that offered open-label therapy
and access to the study team at regular intervals.
Seven (11%) died by week 48; functional and
risk outcomes are shown in Supplementary
Material Fig. 1.

Safety

Nearly all (n = 238, 92%) prior placebo-assigned
participants reported a treprostinil-

attributable AE after beginning open-label tre-
prostinil (Table 3), and 83 (32%) of these stop-
ped the drug because of an AE by the end of the
study. Forty-six (18%) reported that the tre-
prostinil-attributable AE was severe in intensity
(eight subsequently stopped the drug and are
included in the aforementioned 83 who stop-
ped because of an AE). Twenty-one participants
(8%) had a serious AE attributable to trepros-
tinil. AEs were typical for treprostinil and simi-
lar to those reported in the parent study; of
note, it did not appear that AEs were more likely
in the group of low risk, placebo-assigned
patients who began treprostinil with no CWE
(Table 3). If anything, AEs were numerically
more likely in the high-risk group who had had
a CWE.

DISCUSSION

Survival

We initially reported a statistically significant
survival benefit for three times daily trepros-
tinil-assigned participants, but the group sepa-
ration occurred late. With a longer period of
observation, especially for those randomized
relatively late in the conduct of the parent trial,
the complete data set includes more deaths and
now shows clear group separation at year 2 after
randomization in the parent study. Absolute
risk reduction was 9%, corresponding to a
number needed to treat of 12 to prevent a
death. Thus, our initial report of the first pla-
cebo-controlled trial in PAH to demonstrate a
mortality benefit using the a priori statistical
plan is even stronger now with the complete
data set. While we acknowledge that the post
hoc analysis of mortality from AMBITION [12]
was robust and indicates a survival benefit for
initial combination therapy, we propose that
this new data might influence clinical practice
in the choice of an oral drug from this class.
Selexipag’s similarly designed event-driven
study had numerically more deaths at the end
of the placebo-controlled period in the active
treatment arm, and although PAH-related
deaths numerically favored active treatment at
the trial close, the available data does not

bFig. 4 Placebo-assigned participants who had clinical
worsening, began oral treprostinil, and had week 48
assessments demonstrated functional improvements.
A 6MWD increased 84 m (paired-t, p\ 0.0001 compared
to baseline); the baseline 6MWD in the OLE was similar
between the overall 106 and the 58 who had a baseline and
week 48 test (i.e., those for whom paired-t statistic could be
performed). B NT-proBNP dropped (paired t test against
log-transformed data); for this group of n = 49 with
baseline and week 48 values, the median and upper IQR
were not as high as the n = 96 with baseline values, but the
statistic reported is for the group with both values. Median
(IQR) = line (bar). Geometric mean = dot. C WHO
functional class shifted favorably (McNemar’s test
p\ 0.0001). D Participants (n = 51) with complete data
were statistically different at week 48 using the 4-strata
COMPERA 2.0 risk tool (McNemar’s test, p = 0.0004).
E REVEAL Lite 2 is less sensitive to missing data and
n = 64 participants were statistically different at week 48
(McNemar’s test, p = 0.001). COMPERA 2.0 Compara-
tive, Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension Version 2.0, EV OLE FREE-
DOM-EV open-label extension, FC functional class, IQR
interquartile range, m meter, mL milliliter, NT-proBNP
plasma N-terminal pro-brain natriuretic peptide, pg
picogram, REVEAL Lite 2 Registry to Evaluate Early and
Long-term PAH Disease Management Version 2, WHO
FC World Health Organization Functional Class, 6MWD
6-minute walk distance
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support a survival benefit for selexipag [13]. In
fact, the efficacy of oral treprostinil in this
regard is perhaps underscored because GRI-
PHON, FREEDOM-EV, and similar event-driven
trials took great pains to avoid finding a mor-
tality benefit by offering open-label drug
immediately to the surviving placebo partici-
pants who had a CWE, thus biasing the studies
against finding a survival advantage. Despite
this bias, our study showed a mortality benefit.

We believe that this survival data under-
scores the urgency with which clinicians need
to address PAH, even in COMPERA 2.0 inter-
mediate-low and REVEAL Lite 2 B 6. The par-
ticipants in FREEDOM-EV were effectively
‘‘early combination therapy’’ (median time on
monotherapy 6 months before randomization),
and treatment delay (randomization to placebo)
led to a clear increase in CWE and death over
the median 55 weeks of careful, quarterly
observation explicitly designed to prevent
death. Our recent analysis of risk argued for
fixed-duration ‘‘clinical improvement’’ studies

to synthesize the goals of measuring durable
treatment effects and functional benefits [11],
and we believe that the mortality consequences
of event-driven studies are another reason to
avoid these in the future.

Participants with CWE were Higher Risk

Our demographic analysis looking ‘‘backward’’
at the baseline demographics for those who had
CWE is a first for the previously reported event-
driven studies in PAH. We think this analysis
emphasizes the utility of integrated risk scores
in patient selection for studies that are designed
to find a difference in the occurrence of CWE
(e.g., event-driven or, alternatively, primary
endpoint as time-to-clinical-worsening during a
defined period). Both placebo and treprostinil-
assigned participants who had events had
higher average REVEAL Lite 2 scores and a more
advanced COMPERA 2.0 risk profile (Table 2).
The currently enrolling event-driven study of
sotatercept is only including participants with
REVEAL Lite 2 C 6, and our post hoc analysis
strongly supports that as a sensible enrichment
strategy.

In addition to the survival benefit, trepros-
tinil proved effective in providing functional
benefits, even for those who had suffered CWE
while taking placebo. Functional improve-
ments, measured as part of a multifaceted risk
assessment, have been repeatedly associated
with improved outcomes [7, 8, 14, 15]. Unlike
the group of participants initially enrolled in
FREEDOM-EV that were relatively lower risk at
baseline, those assigned placebo who suffered a
CWE and began open-label therapy were a rel-
atively higher-risk population with a mean
REVEAL Lite 2 score of 8.2. Sixty-nine individ-
uals (64%) in this group titrated drug steadily to
a mean of 5.7 ± 3.8 mg when they completed
week 48, experiencing substantial benefits in
NT-proBNP, functional class, and 6MWD. There
were 11 deaths (10%) during that 48 weeks, and
we are not advocating oral treprostinil for high-
risk individuals; however, this data strengthens
the overall efficacy profile of the drug.

For those who tolerated AEs and remained
on drug, functional benefits were durable. This

bFig. 5 Placebo-assigned participants who did not have
clinical worsening and began oral treprostinil were stable at
week 48 assessments. A 6MWD was an average 6 m higher
(paired-t, p = 0.19 compared to baseline); most of these
participants already had 6MWD[ 440 m. B NT-proBNP
dropped (paired t test against log-transformed data); for
this group of n = 114 with baseline and week 48 values,
the median and upper IQR were not as high as the
n = 147 with baseline values, but the statistic reported is
for the group with both values. Median (IQR) = line
(bar). Geometric mean = dot. C WHO functional class
was preserved (McNemar’s test p = 0.07). D Consistent
with previous reports, 4-strata COMPERA 2.0 was rela-
tively sensitive to improvements and overall risk trended
lower at week 48 (McNemar’s test, p = 0.10). E REVEAL
Lite 2 was not different at week 48 (McNemar’s test,
p = 0.56). COMPERA 2.0 Comparative, Prospective Reg-
istry of Newly Initiated Therapies for Pulmonary Hyper-
tension Version 2.0, EV OLE FREEDOM-EV open-label
extension, FC functional class, IQR interquartile range,
m meter, mL milliliter, NT-proBNP plasma N-terminal
pro-brain natriuretic peptide, pg picogram, REVEAL
Lite 2 Registry to Evaluate Early and Long-term PAH
Disease Management Version 2, WHO FC World Health
Organization Functional Class, 6MWD 6-minute walk
distance
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is most evident in the group of 138 participants
who initially began oral treprostinil, had no
CWE, and remained on drug in open label
(Fig. 6). There were no deaths over those
48 weeks; this is very different than the simi-
larly low-risk group of placebo-assigned partici-
pants who began oral treprostinil (without
clinical worsening) and still had 5 deaths (3%)
during the first 48 weeks of open label. Low risk
does not mean no risk in PAH, and we believe
that monotherapy is rarely adequate. In support
of an early treatment strategy with oral tre-
prostinil, the placebo participants who began
treprostinil without previous CWE had a typical
AE profile for this class of medication and 19%
discontinued drug because of an AE (Table 3,
similar to the blinded Freedom-EV parent
study).

Limitations

Our study has important limitations. Adverse
effects typical for prostacyclin class medications
were common, and 126 (27%) participants in

bFig. 6 Treprostinil-assigned participants who did not have
clinical worsening and continued oral treprostinil were
stable at week 48 assessments. A 6MWD was an average
7 m lower (paired-t, p = 0.12 compared to baseline); most
of these participants already had 6MWD[ 440 m. B NT-
proBNP (paired t test against log-transformed data) started
and finished with a median under the low-risk threshold of
300 pg/mL. Median (IQR) = line (bar). Geometric
mean = dot. C WHO functional class was preserved
(McNemar’s test p = 0.56). D COMPERA 2.0 risk started
and finished favorably (McNemar’s test, p = 0.53). E
REVEAL Lite 2, which includes more labile values like
heart rate and blood pressure, trended worse at week 48
(McNemar’s test, p = 0.08). COMPERA 2.0 Comparative,
Prospective Registry of Newly Initiated Therapies for
Pulmonary Hypertension Version 2.0, EV OLE FREE-
DOM-EV open-label extension, FC functional class, IQR
interquartile range, m meter, mL milliliter, NT-proBNP
plasma N-terminal pro-brain natriuretic peptide, pg
picogram, REVEAL Lite 2 Registry to Evaluate Early and
Long-term PAH Disease Management Version 2, WHO
FC World Health Organization Functional Class, 6MWD
6-minute walk distance

Table 3 Summary of adverse events

Overall AE
summary,
n (%)

PBO ?
TRE
CWE
n = 108

PBO ?
TRE No
CWE
n = 150

TRE
?
TRE
CWE
n = 66

TRE ?
TRE No
CWE
n = 144

AE 108

(100)

148 (99) 63 (96) 129 (90)

Study drug-

related AE

99 (92) 139 (93) 46 (70) 78 (54)

AE leading to

study drug

withdrawal

55 (51) 28 (19) 29 (44) 13 (9)

SAE 68 (63) 47 (31) 43 (65) 47 (33)

Severe AE 61 (57) 49 (33) 36 (55) 35 (24)

Study drug-

related

severe AE

26 (24) 20 (13) 11 (17) 10 (7)

Study drug-

related

SAE

13 (12) 8 (5) 7 (11) 9 (6)

Specific AEs, n (%)

Diarrhea 67 (62) 88 (59) 17 (26) 32 (22)

Headache 57 (53) 85 (57) 5 (8) 20 (14)

Nausea 43 (40) 52 (35) 9 (14) 21 (15)

Vomiting 41 (38) 36 (24) 17 (26) 20 (14)

Upper

respiratory

tract

infection

31 (29) 32 (21) 14 (21) 34 (24)

Flushing 34 (32) 50 (33) 8 (12) 13 (9)

Dizziness 21 (19) 21 (14) 12 (18) 16 (11)

AE adverse event, CWE clinical worsening event, PBO
placebo, SAE serious adverse event, TRE oral treprostinil
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the OLE ultimately stopped the drug because of
an AE during the at least 3 years of observation.
The functional benefits recorded in the open-
label phase were obviously only observed in
those who survived and tolerated drug to
week 48 (a ‘‘completers’’ analysis). The overall
survival analysis, while increasingly robust at
this point, is limited by 74 participants (11% of
initially enrolled) whose vital status is
unknown. Importantly, the baseline mortality
risk for those with unknown vital status was
similar between placebo- and treprostinil-as-
signed participants (unlike the overall study
population), and the present analysis would
remain significant even in the extreme case of
eight excess treprostinil deaths in this group
with unknown vital status.

CONCLUSIONS

Oral treprostinil three times daily improved
survival in comparison to those assigned pla-
cebo over the entire period of observation in
FREEDOM-EV and open label. For those who
suffered CWE while assigned to placebo, a
majority completed 48 weeks of open-label
therapy and recorded impressive functional
benefits despite having intermediate risk for
mortality. A remarkable 92% of those initially
assigned treprostinil who completed FREEDOM-
EV without CWE maintained an average low-
risk status during 48 weeks of open-label
therapy.
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