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Abstract

Inhaled treprostinil is an approved therapy for pulmonary arterial hyper-

tension (PAH) and pulmonary hypertension associated with interstitial lung

disease in the United States. Studies have confirmed the robust benefits and

safety of nebulized inhaled treprostinil, but it requires a time investment for
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nebulizer preparation, maintenance, and treatment. A small, portable

treprostinil dry powder inhaler has been developed for the treatment of

PAH. The primary objective of this study was to evaluate the safety and

tolerability of treprostinil inhalation powder (TreT) in patients currently

treated with treprostinil inhalation solution. Fifty‐one patients on a stable dose

of treprostinil inhalation solution enrolled and transitioned to TreT at a

corresponding dose. Six‐minute walk distance (6MWD), device preference and

satisfaction (Preference Questionnaire for Inhaled Treprostinil Devices [PQ‐
ITD]), PAH Symptoms and Impact (PAH‐SYMPACT®) questionnaire, and

systemic exposure and pharmacokinetics for up to 5 h were assessed at

baseline for treprostinil inhalation solution and at Week 3 for TreT. Adverse

events (AEs) were consistent with studies of inhaled treprostinil in patients

with PAH, and there were no study drug‐related serious AEs. Statistically

significant improvements occurred in 6MWD, PQ‐ITD, and PAH‐SYMPACT.

Forty‐nine patients completed the 3‐week treatment phase and all elected to

participate in an optional extension phase. These results demonstrate that, in

patients with PAH, transition from treprostinil inhalation solution to TreT is

safe, well‐tolerated, and accompanied by statistically significant improvements

in key clinical assessments and patient‐reported outcomes with comparable

systemic exposure between the two formulations at evaluated doses (trial

registration: clinicaltrials.gov identifier: NCT03950739).
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INTRODUCTION

Pulmonary arterial hypertension (PAH) is defined as
an elevation in mean pulmonary arterial pressure
(>20mmHg) and pulmonary vascular resistance (>3.0
WU) with normal pulmonary artery wedge pressure
(<15mmHg).1 Elevation in pulmonary arterial pressure
causes an increase in right ventricular afterload, impairing
right ventricular function and ultimately leading to failure
and premature death.2 Endogenous prostaglandins, includ-
ing prostacyclin (prostaglandin I2), are potent vasodilators
and inhibitors of platelet aggregation produced by the
vascular endothelium.3,4 Synthetic prostacyclin analogs are
used to treat PAH and have been shown to improve
hemodynamics, exercise tolerance, and overall survival.5

Treprostinil is a chemically stable, longer‐acting
prostaglandin I2 analog6 that was initially approved as
a parenteral formulation for the treatment of PAH.7

Treprostinil has been shown to be both safe and effective
when administered parenterally,8,9 but an oral inhalation
solution was developed to deliver the drug directly to the
site of action, avoiding the most common adverse events
(AEs) of infusion‐site pain and reaction seen with

subcutaneous treprostinil administration.7,10 Treprostinil
inhalation solution was approved in 2009 for the
treatment of PAH to improve exercise ability based on
the results of the TRIUMPH study, which demonstrated
a placebo‐corrected median change from baseline in
6‐minute walk distance (6MWD) of 20m (p< 0.001) after
12 weeks of treatment.10,11

Treprostinil inhalation solution is delivered via a
handheld ultrasonic nebulizer (Tyvaso® Inhalation System,
United Therapeutics Corporation). Inhaled therapies such
as treprostinil inhalation solution can be time‐consuming
due to the need for both prolonged device preparation and
maintenance as well as the duration of treatment.12

Nebulized treprostinil should be administered four times
per day, with each inhalation requiring up to 3min per
treatment session. To improve ease of use, a dry powder
formulation of treprostinil is in development together with
a reusable, breath‐powered dry powder inhaler (DPI;
Tyvaso DPI™, United Therapeutics Corporation). Trepros-
tinil inhalation powder (TreT) is supplied in single‐use
cartridges. A single‐use cartridge is manually inserted into
the inhaler and powder is discharged when the patient
inhales. TreT contains fumaryl diketopiperazine, an inert
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excipient present in the US Food and Drug Administra-
tion's Inactive Ingredient Database that is approved as a
carrier for inhaled formulations.13 Fumaryl diketopiper-
azine can self‐assemble to form microparticles at a pH< 5
and rapidly dissolves in the neutral pH of the lungs. A
Phase 1, single‐dose, ascending‐dose study (30–180 μg in
30‐μg increments) in six dose cohorts of healthy subjects
confirmed that the treprostinil plasma concentrations and
exposure achieved with TreT were clinically relevant and
comparable to those observed with treprostinil inhalation
solution in historical clinical studies; 150 μg was the
maximally tolerated dose.14

We conducted a study to assess the safety and
tolerability of TreT as Tyvaso DPI™ in patients with PAH.

METHODS

BREEZE (NCT03950739) was a single‐sequence study in
which patients with PAH on a stable regimen of treprostinil
inhalation solution switched to a corresponding dose of
TreT. The corresponding dose was based on pharmaco-
kinetic (PK) modeling from single‐dose studies in healthy
volunteers with the DPI and nebulized formulations.14 The
primary objective was to evaluate the safety and tolerability
of TreT. AEs were captured if the event was new‐onset or
worsened after the transition to TreT. Secondary objectives
included evaluation of the systemic exposure and PK of
treprostinil inhalation solution and TreT, 6MWD, device
satisfaction and preference with the Preference Question-
naire for Inhaled Treprostinil Devices (PQ‐ITD), and the
Pulmonary Arterial Hypertension‐Symptoms and Impact
(PAH‐SYMPACT®) questionnaire. The PQ‐ITD is a ques-
tionnaire given to evaluate subject satisfaction with and
preference for inhaled treprostinil devices. The question-
naire provides 12 different statements around inhaled
device satisfaction and allows for 5 response options:
strongly disagree, disagree, neutral, agree, and strongly
agree. The PAH‐SYMPACT is a patient‐reported question-
naire given to assess PAH symptoms and impact on quality
of life. The questionnaire includes four domains: cardio-
pulmonary symptoms, cardiovascular symptoms, physical
impacts, and cognitive/emotional impacts.15,16

After completing the 3‐week treatment phase of the
BREEZE study, patients could participate in an optional
extension phase (OEP) to assess the long‐term safety and
tolerability of TreT.

Inclusion/exclusion criteria

The study protocol, protocol amendments, and informed
consent forms were submitted for review and approval to

each site's institutional review board or independent
ethics committee. Eligible patients had to be adults (≥18
years) diagnosed with PAH (6th World Symposium on
Pulmonary Hypertension group 1 PAH).1 Patients also
had to have started treprostinil inhalation solution ≥3
months before the baseline visit and had to be on a stable
dosing regimen (i.e., no change in dose within 30 days of
baseline visit, 6–12 breaths four times daily). Addition-
ally, patients had to have evidence of forced expiratory
volume in 1 s (FEV1) ≥60% and FEV1/forced vital
capacity ratio ≥60% during the 6 months before
enrollment. Candidates who were pregnant or lactating,
were taking any other prostacyclin analogs or agonists, or
had a history of uncontrolled sleep apnea, parenchymal
lung disease, or hemodynamically significant left‐sided
heart disease were excluded. If receiving approved PAH
background therapy (i.e., endothelin receptor antagonist,
phosphodiesterase type 5 inhibitor, or soluble guanylate
cyclase stimulator), candidates must have been on a
stable dose with no additions or discontinuations for a
minimum of 30 days before the screening visit, and
patients could not newly initiate or discontinue back-
ground therapy from the screening phase through the
Week 3 visit. Patients lost to follow‐up could not
complete the treatment phase or the OEP. Full inclusion
and exclusion criteria are in Table S1.

Study design

The study was conducted in accordance with Good Clinical
Practice guidelines and included a screening phase, a
treatment phase, and the OEP. The screening visit was
scheduled for 14 days before the baseline visit and after
informed consent was obtained. Patients who satisfied all
eligibility criteria during the screening phase returned to
the clinic at baseline for enrollment. The treatment phase
included two study visits to the clinic approximately 3
weeks apart. At the baseline visit, patients received a single
dose of treprostinil inhalation solution in the clinic and
underwent PK assessments 15min before dose and for up
to 5 h after dose (5, 10, 15, 30, 45, 90, 120, 180, 240, and 300
min), safety assessments, and a 6‐minute walk test
(6MWT); PK timepoints at baseline with the nebulizer
were the same as at Week 3 with the DPI. Following these
assessments, patients who had been treated with trepros-
tinil inhalation solution were assigned a corresponding
dose of TreT (32, 48, or 64 μg) based on their current stable
treprostinil inhalation solution dose (42 μg [6–7 breaths],
54–60 μg [9–10 breaths], or 66–72 μg [11–12 breaths];
Table S2). After receiving device training and the first dose
in the clinic, each patient self‐administered TreT four times
daily by oral inhalation for 3 weeks. Following 3 weeks of
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treatment, patients returned to the clinic, received a single
dose of TreT, and underwent PK assessments at the same
time points used for treprostinil inhalation solution at the
baseline visit, safety assessments, and a 6MWT identical to
that performed at the baseline visit. PQ‐ITD and PAH‐
SYMPACT questionnaires were also administered at both
study visits. Following the Week 3 visit, patients could
continue receiving TreT by participating in the OEP. In the
OEP, clinic visits were scheduled every 8 weeks and dosing
titration was encouraged (Figure S1). The dose of TreT
could be titrated upward, as clinically tolerated, to identify a
maximal stable dose in each patient. If a patient did not
elect to participate in the OEP, TreT was discontinued, and
treprostinil inhalation solution therapy could be resumed.
These patients were required to return to the clinic 2 weeks
after TreT discontinuation for an end‐of‐study visit.

Outcomes

Safety assessments were based on established definitions
of AEs and serious AEs (SAEs). All AEs were identified
using the standard mechanisms of physical examinations
including vital signs, laboratory assessments, electrocar-
diograms, and safety requirements of the investigational
product. Efficacy assessments included 6MWD and
PQ‐ITD and PAH‐SYMPACT questionnaires.

Statistical analyses

For this study, the total sample size was estimated to be
45 patients and was not based on power calculations. The
planned sample size was selected to provide adequate
data to assess the safety and tolerability of TreT in
patients with PAH currently treated with treprostinil
inhalation solution. The safety population was defined as
all patients in the study who received ≥1 dose of TreT
during the treatment phase. All PK analyses were
performed on patients with sufficient data in the PK
population. All assessments were summarized by
descriptive statistics as appropriate. The results for
patients completing up to 51 weeks of the treatment
phase and OEP are reported here. Changes in 6MWD
were assessed by paired t‐tests. For PQ‐ITD responses,
Mantel‐Haenszel mean score statistics were computed to
determine whether the distribution of assessments for each
device was the same. Changes in the PAH‐SYMPACT
questionnaire domain scores were assessed by paired
t‐tests at Week 3 in the treatment phase and again at
Week 11 in the OEP. Improved satisfaction with TreT
was confirmed by the Mantel‐Haenszel mean score
statistics. PK parameters of treprostinil (area under the

concentration‐time curve time 0–5 h [AUC0–5], maximal
drug concentration [Cmax], half‐life [t1/2], and time of
maximal plasma concentration [Tmax]) were obtained
from the plasma drug concentration‐time data. All
analyses were conducted using SAS Version 9.4 except
PK parameters, which were calculated using noncom-
partmental methods employing Phoenix® WinNonlin®
Version 8.1 (Certara USA, Inc.). p values ≤0.05 were
considered significant, and no adjustments were made
for multiplicity.

RESULTS

Patient baseline characteristics

Fifty‐one patients enrolled and transitioned from nebu-
lized treprostinil to TreT (Figure 1). Baseline character-
istics are summarized in Table 1. The majority of patients
(57%) received a diagnosis of idiopathic/heritable PAH.
The overall median time since PAH diagnosis at baseline
was 7.82 years (range: 0.49–30.88 years), and most
patients (61%) were World Health Organization func-
tional Class II at study start. Overall, 98% (50 of 51) of
patients were receiving ≥1 background PAH medication;
41 (80%) patients took two background PAH medica-
tions, 9 (18%) patients took one background PAH
medication, and 1 (2%) patient took no background
PAH medication.

Safety outcomes

During the treatment phase, 30 (59%) patients experi-
enced new or worsened AEs following TreT treatment
(Table 2). There were no study drug‐related SAEs. There
was one event of colon cancer and one event of
mechanical fall, but neither of these SAEs was consid-
ered to be treatment‐related. During the OEP, 39 (80%)
patients experienced AEs following TreT treatment; 21
(43%) patients experienced ≥1 AE considered attributa-
ble to TreT. In the treatment phase, 1 of the 27 (4%)
patients treated with 48 μg of TreT and 2 of the 22 (9%)
patients treated with 64 μg of TreT experienced an AE
leading to withdrawal. (Note: One subject completed the
treatment phase but withdrew due to nausea during the
OEP; the onset of nausea AE was during the treatment
phase and is therefore summarized with the treatment
phase data).

In the OEP, 1 of the 26 (4%) patients treated with
48 μg of TreT and 2 of the 21 (9%) patients treated with
64 μg of TreT experienced an AE leading to withdrawal.
Cough (35%), headache (16%), and dyspnea (8%) were
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the most commonly reported AEs during the treatment
phase; these events, as well as low incidences (≤5 events
each) of arthralgia, diarrhea, dizziness, and pneumonia,
most commonly occurred during the OEP. Twenty‐seven
(53%) and 6 (12%) of the 51 patients in the treatment
phase and 30 (61%) and 24 (49%) of the 49 patients in the
OEP experienced mild or moderate AEs, respectively.
Most of these events were considered attributable to
TreT. Most patients in the OEP either maintained or
increased their study treatment dose from baseline.
Although 15 SAEs occurred during the OEP, all events
were reported for single patients with the exception of
pneumonia (two patients). In addition, none of the SAEs
during the OEP was considered to be treatment‐related.
No clinically relevant changes in vital signs, clinical
laboratory parameters, or electrocardiogram parameters
were observed over the course of the study.

Efficacy outcomes

The change from baseline in 6MWD with TreT overall
demonstrated a statistically significant improvement
(11.5‐m increase; p= 0.0217) at Week 3 (Table 3 and

Figure 2). Beyond Week 3, the sample size decreases over
time due to the timing of the data cut (i.e., subjects who
enrolled toward the end of the study had not reached the
later visits at the time of the data cut). For those patients
with contributing data, improvements in 6MWD were
sustained for patients in the OEP up to Week 51 (7.9 m at
Week 11 and 26.4 m at Week 43; mean change from
baseline: 24.4 m; range: 7.9–26.4 m).

Overall, patient‐reported satisfaction with TreT was
significantly improved at Week 3 compared with
satisfaction with the treprostinil nebulizer at baseline
(Table 4 and Figure 3). With the nebulizer at baseline,
31% of patients agreed/strongly agreed that they
were satisfied and 45% of patients provided a neutral
response. At Week 3, 96% (p< 0.0001) of patients agreed/
strongly agreed that they were satisfied with the TreT
inhaler. In addition, a notable shift from disagreement/
strong disagreement to agreement/strong agreement for
overall satisfaction with the TreT inhaler was observed
from baseline to Week 3.

The distribution of responses to all components of the
PQ‐ITD showed a significant (p≤ 0.0001) shift toward
increased satisfaction with the TreT inhaler at Week 3
compared with the nebulizer at baseline.

Analysis of patient‐reported PAH‐SYMPACT data
revealed that mean changes from baseline to Week 3 and
to Week 11 were improved for all domain scores across
all weeks (range: −0.04 to −0.21; Table 5). Significant
improvements for physical impacts were observed at
Week 3 (mean change from baseline: −0.14 at Week 3,
p= 0.0438, and −0.21 at Week 11, p= 0.0429, and
cognitive/emotional impacts (significant mean change
from baseline: −0.17 at Week 3, p= 0.0048) were
observed.

The mean treprostinil concentration versus time plot
by dose‐matched treatment is shown in Figure 4. Both
TreT and treprostinil inhalation solutions were absorbed
rapidly, with median Tmax occurring ≤10min post‐dose
for both the mid‐ (48 μg) and high‐dose (64 μg) treat-
ments. Between‐subject variability for AUC and Cmax

parameters were similar across dose levels within
treatment (TreT or treprostinil inhalation solution);
variability of these parameters was approximately two‐
to threefold lower for TreT compared with treprostinil
inhalation solution.

When all treprostinil inhalation solution doses were
pooled, geometric mean (geometric coefficient of varia-
tion [CV] %) for Cmax and AUC0–5 were 0.901 ng/ml
(88%) and 0.833 h*ng/ml (78%), respectively. Median
Tmax for the pooled treprostinil inhalation solution dose
groups was 0.17 h (range: 0.08–0.50 h). Geometric CV%
t1/2 was 0.971 h (45%).

FIGURE 1 Patient disposition. AE, adverse event; OEP,
optional extension phase; TreT, treprostinil inhalation powder.
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TABLE 1 Baseline demographics and disease characteristics.

Treprostinil inhaled powder (treatment phase)

32 μg 48 μg 64 μg Overall
n= 2 n= 27 n= 22 N= 51

Age, years

Mean (SD) 48.0 (28.3) 54.7 (13.1) 58.0 (12.8) 55.9 (13.4)

Median 48.0 55.0 59.5 57.0

Min, max 28, 68 28, 81 23, 82 23, 82

Sex, n (%)

Male 0 5 (18.5) 3 (13.6) 8 (15.7)

Female 2 (100.0) 22 (81.5) 19 (86.4) 43 (84.3)

Ethnicity, n (%)

Hispanic or Latino 0 1 (3.7) 3 (13.6) 4 (7.8)

Not Hispanic or Latino 2 (100.0) 26 (96.3) 19 (86.4) 47 (92.2)

Race, n (%)

White 2 (100.0) 23 (85.2) 15 (68.2) 40 (78.4)

Black or African American 0 4 (14.8) 5 (22.7) 9 (17.6)

American Indian or Alaska Native 0 0 1 (4.5) 1 (2.0)

Native Hawaiian or Other Pacific
Islander

0 0 0 0

Asian 0 0 1 (4.5) 1 (2.0)

Baseline BMI, kg/m2

Mean (SD) 30.20 (11.03) 27.89 (5.94) 32.18 (6.91) 29.87 (6.74)

Median 30.20 26.35 32.35 29.25

Min, max 22.4, 38.0 18.9, 40.2 20.1, 47.7 18.9, 47.7

Time since PAH diagnosis, years

N 2 27 22 51

Mean (SD) 5.68 (7.33) 7.97 (7.17) 9.83 (5.63) 8.69 (6.51)

Median 5.68 6.09 9.31 7.82

Min, max 0.49, 10.86 0.58, 30.88 2.04, 25.22 0.49, 30.88

Current PAH diagnosis, n (%)

Idiopathic/familial 1 (50.0) 17 (63.0) 11 (50.0) 29 (56.9)

Associated with unrepaired or repaired
congenital systemic‐to‐pulmonary
shunts

0 2 (7.4) 2 (9.1) 4 (7.8)

Associated with collagen vascular disease 1 (50.0) 6 (22.2) 7 (31.8) 14 (27.5)

Associated with HIV 0 0 1 (4.5) 1 (2.0)

Associated with appetite suppressant/
other drug or toxin use

0 2 (7.4) 1 (4.5) 3 (5.9)

WHO functional class at screening, n (%)

I 1 (50.0) 5 (18.5) 0 6 (11.8)

II 1 (50.0) 18 (66.7) 12 (54.5) 31 (60.8)

III 0 4 (14.8) 10 (45.5) 14 (27.5)
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TABLE 1 (Continued)

Treprostinil inhaled powder (treatment phase)

32 μg 48 μg 64 μg Overall
n= 2 n= 27 n= 22 N= 51

Background PAH medications, n (%)

Any background PAH medication 2 (100.0) 27 (100.0) 21 (95.5) 50 (98.0)

ERA 2 (100.0) 22 (81.5) 19 (86.4) 43 (84.3)

PDE5i 1 (50.0) 23 (85.2) 17 (77.3) 41 (80.4)

sGC 0 3 (11.1) 4 (18.2) 7 (13.7)

Abbreviations: BMI, body mass index; ERA, endothelin receptor antagonist; PAH, pulmonary arterial hypertension; PDE5i, phosphodiesterase‐5 inhibitor;
sGC, soluble guanylate cyclase stimulator; WHO, World Health Organization.

TABLE 2 Summary of AEs.

Treatment phase

Preferred term

32 μg 48 μg 64 μg Overall
n= 2 n= 27 n= 22 N= 51

n (%)
No. AEs
(AE rate) n (%)

No. AEs
(AE rate) n (%)

No. AEs
(AE rate) n (%)

No. AEs
(AE rate)

Any AE 0 0 16 (59) 40 (25.91) 14 (64) 30 (23.17) 30 (59) 70 (23.63)

Cough 0 0 11 (41) 11 (7.12) 7 (32) 7 (5.41) 18 (35) 18 (6.08)

Headache 0 0 4 (15) 4 (2.59) 4 (18) 4 (3.09) 8 (16) 8 (2.70)

Dyspnea 0 0 2 (7) 2 (1.30) 2 (9) 2 (1.54) 4 (8) 4 (1.35)

Nausea 0 0 2 (7) 2 (1.30) 1 (5) 1 (0.77) 3 (6) 3 (1.01)

Diarrhea 0 0 0 0 2 (9) 2 (1.54) 2 (4) 2 (0.68)

Flushing 0 0 1 (4) 1 (0.65) 1 (5) 1 (0.77) 2 (4) 2 (0.68)

Throat irritation 0 0 1 (4) 1 (0.65) 1 (5) 1 (0.77) 2 (4) 2 (0.68)

Optional extension phase

All AEs

32 μg 48 μg 64 μg Overall
n= 2 n= 26 n= 21 N= 49

n (%)
No. AEs
(AE rate) n (%)

No. AEs
(AE rate) n (%)

No. AEs
(AE rate) n (%)

No. AEs
(AE rate)

Any AE 1 (50) 2 (1.04) 20 (77) 90 (3.80) 18 (86) 93 (5.34) 39 (80) 185 (4.30)

Cough 0 0 4 (15) 4 (0.17) 3 (14) 4 (0.23) 7 (14) 8 (0.19)

Dyspnea 1 (50) 1 (0.52) 4 (15) 4 (0.17) 2 (10) 2 (0.11) 7 (14) 7 (0.16)

Diarrhea 0 0 1 (4) 2 (0.08) 4 (19) 4 (0.23) 5 (10) 6 (0.14)

Dizziness 0 0 4 (15) 4 (0.17) 1 (5) 1 (0.06) 5 (10) 5 (0.12)

Headache 0 0 2 (8) 2 (0.08) 2 (10) 3 (0.17) 4 (8) 5 (0.12)

Arthralgia 0 0 2 (8) 2 (0.08) 1 (5) 2 (0.11) 3 (6) 4 (0.09)

Fatigue 0 0 1 (4) 1 (0.04) 2 (10) 4 (0.23) 3 (6) 5 (0.12)

Hypotension 0 0 2 (8) 2 (0.08) 1 (5) 1 (0.06) 3 (6) 3 (0.07)

Pneumonia 0 0 2 (8) 2 (0.08) 1 (5) 1 (0.06) 3 (6) 3 (0.07)

Note: AE rate is calculated as the number of AEs divided by the total patient years within each group.

Abbreviation: AE, adverse event.
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DISCUSSION

This open‐label, single‐sequence, multicenter study was
designed to evaluate the safety and tolerability of TreT in
patients with PAH who were being treated with
treprostinil inhalation solution for ≥30 days before

enrollment. Most AEs were mild to moderate in severity
and occurred at severities and frequencies consistent
with those seen in other studies of inhaled treprosti-
nil.10,11,17,18 The administration of a new formulation
could explain patients experiencing new or worsened
AEs; however, tolerability seemingly improves with time.

TABLE 3 Summary and analysis
of 6MWD.Visit week

6MWD, mean
(SD), m

Change from
baseline, mean (SD) p

Dose, median
(range), μg

Baseline 418.9 (109.4) 48 (32, 64)

(n= 51) (n= 51)a

3 438.9 (110.5) 11.5 (32.9) 0.0217 48 (32, 80)

(n= 46) (n= 49)

11 416.1 (125.2) 7.9 (45.5) 0.3354 64 (0, 96)

(n= 32) (n= 46)

19 439.1 (112.3) 7.8 (43.0) 0.3036 64 (32, 112)

(n= 33) (n= 43)

27 446.5 (122.3) 13.1 (54.7) 0.1702 64 (32, 144)

(n= 34) (n= 41)

35 462.4 (122.6) 17.3 (40.3) 0.0518 64 (32, 160)

(n= 23) (n= 28)

43 476.7 (101.9) 26.4 (53.7) 0.0522 64 (48, 176)

(n= 18) (n= 22)

51 467.6 (120.5) 30.1 (60.2) 0.0563 64 (0, 176)

(n= 17) (n= 21)

Note: p value is from a paired t‐test to assess change from baseline in 6MWD.

Abbreviation: 6MWD, 6‐minute walk distance.
aNote: “n” different from “n” for 6MWD except for baseline.

FIGURE 2 Mean change from baseline in 6MWD (m) by visit: TreT overall. aRepresentative sample data were captured from study start
through July 2021. Duration on therapy is dependent on the TreT start date, and the decreasing sample size over time reflects the results for
those patients who completed 51 weeks of the treatment phase and OEP; it does not represent dropouts. Not all patients have had the
opportunity to reach later time points out to 51 weeks at the time of data cut. The OEP is currently ongoing. 6MWD, 6‐minute walk
distance; OEP, optional extension phase; TreT, treprostinil inhalation powder.
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TABLE 4 Summary of overall satisfaction with inhalation
devices.

Question
and
response

Baseline:
treprostinil
nebulizer

Week 3:
treprostinil dry
powder inhaler

p
(N= 51) (N= 46)
n (%) n (%)

I like the size of the inhaler <0.0001

Strongly
disagree

20 (39.2) 1 (2.2)

Disagree 12 (23.5) 0

Neutral 11 (21.6) 0

Agree 7 (13.7) 5 (10.9)

Strongly
agree

1 (2.0) 40 (87.0)

The inhaler is easy to travel with <0.0001

Strongly
disagree

20 (39.2) 1 (2.2)

Disagree 14 (27.5) 0

Neutral 8 (15.7) 1 (2.2)

Agree 8 (15.7) 0

Strongly
agree

1 (2.0) 44 (95.7)

The inhaler is easy to hold <0.0001

Strongly
disagree

4 (7.8) 0

Disagree 5 (9.8) 0

Neutral 18 (35.3) 1 (2.2)

Agree 20 (39.2) 4 (8.7)

Strongly
agree

4 (7.8) 41 (89.1)

The inhaler instructions are easy to follow <0.0001

Strongly
disagree

0 0

Disagree 0 0

Neutral 7 (13.7) 1 (2.2)

Agree 30 (58.8) 4 (8.7)

Strongly
agree

14 (27.5) 41 (89.1)

The inhaler is easy to set up and prepare for use <0.0001

Strongly
disagree

0 0

Disagree 7 (13.7) 0

Neutral 10 (19.6) 1 (2.2)

(Continues)

TABLE 4 (Continued)

Question
and
response

Baseline:
treprostinil
nebulizer

Week 3:
treprostinil dry
powder inhaler

p
(N= 51) (N= 46)
n (%) n (%)

Agree 27 (52.9) 3 (6.5)

Strongly
agree

7 (13.7) 42 (91.3)

The inhaler is easy to use <0.0001

Strongly
disagree

1 (2.0) 0

Disagree 1 (2.0) 0

Neutral 9 (17.6) 0

Agree 34 (66.7) 4 (8.7)

Strongly
agree

6 (11.8) 42 (91.3)

The inhaler cartridge is easy to load <0.0001

Strongly
disagree

– 0

Disagree – 0

Neutral – 1 (2.2)

Agree – 7 (15.2)

Strongly
agree

– 38 (82.6)

The inhaler cartridge is easy to remove <0.0001

Strongly
disagree

– 0

Disagree – 0

Neutral – 1 (2.2)

Agree – 2 (4.3)

Strongly
agree

– 43 (93.5)

I am satisfied with the number of daily breaths required <0.0001

Strongly
disagree

4 (7.8) 0

Disagree 15 (29.4) 0

Neutral 12 (23.5) 2 (4.3)

Agree 14 (27.5) 8 (17.4)

Strongly
agree

6 (11.8) 36 (78.3)

I would recommend the inhaler to others <0.0001

Strongly
disagree

1 (2.0) 0

(Continues)
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6MWD changes were captured to monitor for acute
clinical deterioration. Following 3 weeks of TreT
administration, patients who switched from treprostinil
inhalation solution demonstrated improvements in
6MWD, significant satisfaction with and preference for
the use of TreT, significant improvement in PAH impact
scores, and a trend toward improvement in PAH
symptom scores. Improvement in 6MWD was sustained
through Week 51 of the long‐term OEP.

Prostanoid therapy has been a mainstay for the
treatment of PAH for many years, and synthetic
prostacyclin analogs are available for administration
by intravenous, subcutaneous, oral, and inhaled
routes. However, with the exception of the oral route,
these routes of delivery and/or the associated delivery
systems can be cumbersome for patients, creating an
opportunity to enhance the usability of these delivery
devices.

The effectiveness of inhaled drugs such as trepros-
tinil for PAH depends primarily on the delivery system
and the particle size.19 In this study, pulmonary
exposure to treprostinil dry powder administered via
DPI was attained with fewer inhalations than required
with treprostinil inhalation solution administered via
nebulizer without any unexpected safety issues.
Accordingly, the dry powder formulation may enhance
the effectiveness of treprostinil in patients with PAH
by increasing alveolar delivery.20–23 This results in
higher drug levels in the lungs for an administered
dose compared with current inhaled therapies without
some of the limitations of treprostinil delivered by
other parenteral routes.

TABLE 4 (Continued)

Question
and
response

Baseline:
treprostinil
nebulizer

Week 3:
treprostinil dry
powder inhaler

p
(N= 51) (N= 46)
n (%) n (%)

Disagree 6 (11.8) 0

Neutral 21 (41.2) 1 (2.2)

Agree 19 (37.3) 6 (13.0)

Strongly
agree

4 (7.8) 39 (84.8)

Overall, I am satisfied with the inhaler <0.0001

Strongly
disagree

0 0

Disagree 12 (23.5) 0

Neutral 23 (45.1) 1 (2.2)

Agree 13 (25.5) 5 (10.9)

Strongly
agree

3 (5.9) 40 (87.0)

The inhaler stays clean <0.0001

Strongly
disagree

– 2 (4.3)

Disagree – 0

Neutral – 4 (8.7)

Agree – 5 (10.9)

Strongly
agree

– 35 (76.1)

Note: –, not evaluated.

FIGURE 3 Summary of overall satisfaction with the TreT inhaler at Week 3.a aResponse to PQ‐ITD question “Overall, I am satisfied
with the inhaler.” PQ‐ITD, Preference Questionnaire for Inhaled Treprostinil Devices; TreT, treprostinil inhalation powder.
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This innovative study confirmed the safety of
TreT using a delivery device that is much more
convenient, more portable, and easier to use for self‐
administration. These features may have been respon-
sible for improved compliance, better device use, and

inhalation of the full dose due to more consistent
breaths, resulting in 6MWD improvement and further
improvement in patient satisfaction. In addition,
these features might facilitate the introduction of
inhaled treprostinil earlier in the clinical course of
PAH for selected patients, which potentially could
slow the characteristically progressive course of the
disease.

The study also demonstrated the safety of increasing
the overall dose of TreT beyond the current recom-
mended dose of 9–12 breaths four times daily, potentially
allowing for titration to higher dose levels (12 breaths)
without resulting in prolonged treatment sessions. An
analysis of specialty pharmacy data by Mandras et al.24

identified significantly higher rates of drug persistence
and survival over 3 years in patients who received higher
doses of inhaled treprostinil. Data suggest that higher
doses result in better outcomes,24–27 with the potential to
prolong the time on prostanoid inhalation therapy and
reduce the need to transition to more complex trepros-
tinil regimens. In addition, easier device storage and
accessibility in hospital and clinic settings or during
more strenuous activity may enhance compliance. The
potential utility and impact of inhaled treprostinil
powder in these settings should be studied in future
clinical trials.

TABLE 5 Summary and analysis of
PAH‐SYMPACT questionnaire.

Visit week
No. of
patients

Score,
mean (SD)

Change from baseline,
mean (SD) p

Cardiopulmonary symptoms domain score

Baseline 51 0.81 (0.49)

3 46 0.76 (0.45) −0.05 (0.27) 0.2451

11 37 0.82 (0.55) −0.04 (0.36) 0.4989

Cardiovascular symptoms domain score

Baseline 51 0.32 (0.39)

3 46 0.29 (0.36) −0.06 (0.33) 0.2492

11 37 0.30 (0.43) −0.05 (0.40) 0.4685

Physical impacts domain score

Baseline 51 0.87 (0.64)

3 46 0.75 (0.63) −0.14 (0.46) 0.0438

11 36 0.73 (0.59) −0.21 (0.59) 0.0429

Cognitive/emotional impacts domain score

Baseline 51 0.66 (0.71)

3 46 0.47 (0.56) −0.17 (0.40) 0.0048

11 36 0.49 (0.46) −0.13 (0.51) 0.1287

Note: p value is from a paired t‐test to assess change from baseline in domain scores.

Abbreviation: PAH‐SYMPACT, Pulmonary Arterial Hypertension‐Symptoms and Impact.

FIGURE 4 Mean treprostinil plasma concentration versus
time plots by treatment (dose pooled). Mean plasma concentrations
may be less than the lower limit of quantification due to imputation
of below‐the‐limit‐of‐quantification samples to 0. Each breath of
treprostinil inhaled solution is equivalent to 6 μg of treprostinil.
Mean plots include patients who received both treprostinil inhaled
solution 72 μg (n= 18) or treprostinil inhaled solution 66 μg (n= 1)
and treprostinil inhaled powder 64 μg (n= 19).

PULMONARY CIRCULATION | 11 of 14



The time required for device preparation and
maintenance as well as the need for multiple daily
prolonged inhalations may adversely affect not only
adherence and compliance but also quality of life.
Quality of life among those with a chronic illness such
as PAH is critically important to both patients and their
healthcare providers. The patients who participated in
this study already had PAH‐SYMPACT scores indicating
that they were “doing well” with respect to their PAH
care before transitioning from treprostinil inhalation
solution to TreT. Accordingly, it is particularly notable
that these scores improved in patients once the transition
occurred, indicating that this device and the simplified
dosing regimen could potentially increase compliance
and create a pathway for prostanoid therapy earlier in the
disease process.

Overall, this study represents a very exciting addition
to the treatment paradigm for the PAH population. The
ease of use, portability, and ability to titrate the dose with
TreT should have a clinically significant, beneficial
impact on patient compliance and persistence, quality
of life, and, potentially, the disease process itself.

STUDY LIMITATIONS

This was an open‐label, unblinded study with short
follow‐up and without a control group and was not
designed to show improvement in efficacy. It was
designed primarily to demonstrate parity, identify
patients' preference and improvement in quality of life,
and assess tolerability and safety. As a result, the
significant improvements in 6MWD that were observed
may be due to factors such as clinical trial participation
and the associated increase in compliance and, therefore,
should be interpreted accordingly. Moreover, changes in
other clinical parameters such as changes in WHO
functional class and NT‐proBNP were not assessed. In
addition, there were fewer than 20 patients available for
evaluation at the last two visits. Representative sample
data were captured from study start through July 2021;
duration of therapy is dependent on the TreT start date
and reflects the results for subjects who completed up to
51 weeks of the treatment phase and OEP. The OEP is
currently ongoing.

CONCLUSIONS

Transition from treprostinil inhalation solution to TreT
was safe and well‐tolerated, and systemic exposure to
treprostinil was comparable between the two formula-
tions. Treatment with TreT resulted in statistically

significant improvements in important clinical parame-
ters (6MWD, PQ‐ITD, and PAH‐SYMPACT) among
patients with PAH.

Prostacyclin therapy is often delayed in patients with
PAH because of the complexity of administration and its
associated, perceived quality‐of‐life issues. The results of
this study indicate that prostacyclin in a convenient,
tolerable formulation may increase its accessibility to
more patients earlier in the course of their disease,
thereby potentially improving long‐term outcomes.
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