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Safety and efficacy of RT234 vardenafil 
inhalation powder on exercise parameters 
in pulmonary arterial hypertension: phase II, 
dose‑escalation study design
Raymond L. Benza1*, Veronica Franco1, Mandar A. Aras2, Leslie Spikes3, Daniel Grinnan4 and Carol Satler5 

Abstract 

Background:  Pulmonary arterial hypertension (PAH) is a progressive disease characterized by high mean pulmo-
nary arterial pressure (≥ 20 mmHg) and remodeling of the vascular arteries. Approved therapies improve symptoms 
and delay clinical worsening in the long term, but they do not relieve acute exertional symptoms. RT234, a drug/
device combination (Respira Therapeutics, Palo Alto, CA, USA) that delivers the phosphodiesterase 5 inhibitor varde-
nafil to the lungs via inhalation, has been shown to reduce pulmonary vascular resistance in patients with PAH. This 
study aims to evaluate whether RT234 can increase oxygen capacity during cardiopulmonary exercise testing (CPET) 
in patients with PAH.

Methods:  This prospective, multi-center, open-label, two-cohort, dose-escalation, phase IIb trial in patients with PAH 
will evaluate the safety and efficacy of RT234 in improving exercise parameters. The trial began in September 2020 
and is expected to be completed by early 2024. Patients eligible for enrollment will have a right heart catheterization–
confirmed diagnosis of PAH, a 6-minute walking distance of ≥ 150 m, a minute ventilation/carbon dioxide production 
slope of ≥ 36, and will be on up to three stable oral and/or inhaled (not parenteral) PAH-specific background thera-
pies. The estimated sample size is 86 patients, who will be divided into two dose cohorts. Cohort 1 will receive 0.5 mg 
RT234, and cohort 2 will receive 1.0 mg RT234. Each cohort will contain two subgroups based on the number of 
PAH background medications (up to two vs three). The trial will assess patients’ changes from baseline in peak oxygen 
consumption (VO2) during CPET 30 minutes after a single dose of 0.5 mg or 1.0 mg RT234, the change in the 6-minute 
walking distance, and the pharmacokinetics and safety profile of single doses of RT234.

Conclusion:  This is the first trial involving an as-needed medication for PAH. The trial will provide insights into the 
safety and efficacy of as-needed RT234 in treating the acute symptoms of PAH during exercise and will inform the 
design of further trials.

Trial registration number: ClinicalTrials.gov identifier NCT04266197.

Keywords:  Cardiac output, Clinical trial protocol, Exercise test, Pulmonary arterial hypertension, Safety, Treatment 
efficacy, Vardenafil, Vascular resistance

Background
Pulmonary hypertension (PH) is a rare disease defined 
by abnormally high pulmonary arterial pressure and 
pulmonary vascular resistance [1, 2]. Group 1 PH, 
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pulmonary arterial hypertension (PAH) [3], is a progres-
sive disease characterized by a mean pulmonary artery 
pressure ≥ 20 mmHg, pulmonary capillary wedge pres-
sure ≤ 15 mmHg, and pulmonary vascular resistance of 
≥ 3 Wood units [4], as well as physiological changes to 
the pulmonary arteries [5]. As the disease progresses, 
exercise capacity declines and daily activities become 
more difficult [6].

There is currently no cure for PAH. The disease is man-
aged by approved treatments, such as endothelin recep-
tor agonists, phosphodiesterase 5 inhibitors (PDE5i), 
and prostacyclin analogs that reduce symptoms and slow 
disease progression over time [7]. Managing the acute 
symptoms induced by daily activities is an ongoing chal-
lenge for patients living with PAH [8, 9] because none of 
the approved treatments can be used for acute symptom 
relief. There is therefore an unmet clinical need for an as-
needed (PRN) treatment for PAH that will reduce acute 
symptoms and allow patients to perform daily activities 
and exercise.

Vardenafil is a PDE5i that has been shown to improve 
exercise capacity in patients with PAH [10]. Vardena-
fil has a slow dissociation rate (KD 0.38 ± 0.07) [11] and 
rapid clearance (56 L h–1) [12], making it ideally suited to 
PRN use. An inhalable, powdered form of vardenafil has 
recently been developed, which is delivered via RT234 
(Respira Therapeutics, Palo Alto, CA, USA), a drug/
device combination product comprising powdered var-
denafil hydrochloride and the Axial Oscillating Sphere 
Dry Powder Inhaler™ (DPI; Plastiape S.p.A., Osnago, Italy 
(Fig. 1)). A phase I study, RT234-CL101, has been com-
pleted for RT234 [13], which compared the pharmacoki-
netic (PK) profiles of RT234 and oral vardenafil in healthy 
volunteers. The maximum concentration (Cmax)  of var-
denafil was reached rapidly (time to Cmax [Tmax] = 2 min-
utes), there were no serious treatment-emergent adverse 
events (TEAEs), and the drug was well tolerated.

RT234-CL202 is a phase IIb study that will investigate 
acute changes in exercise capacity and exertional symp-
toms, as assessed by cardiopulmonary exercise testing 
(CPET) and the 6-minute walking test (6MWT), follow-
ing RT234 dosing in patients with PAH on stable, disease-
specific background therapy. The study will evaluate the 
acute effect of single doses of 0.5 mg and 1.0 mg RT234 
on CPET parameters and the change in 6-minute walking 
distance (6MWD) in two sequential cohorts. The adverse 
event profile and acute physical and cardiac effects of 
RT234 will be determined, as well as the PK parameters 
of vardenafil and the relationship between vardena-
fil exposure and changes in CPET parameters and the 
6MWD. This study will provide important insights into 
the effectiveness of RT234 for improving exercise capac-
ity in patients with PAH on stable background therapy.

Methods
Study design
This prospective, multi-center, open-label, two-cohort, 
dose-escalation, phase IIb trial in patients with PAH on 
≤ 3 stable, disease-specific PAH background oral and/
or inhaled therapies will evaluate the safety and effi-
cacy of RT234 on exercise parameters. It is estimated 
that this trial will be conducted at up to 25 sites in the 
United States and Serbia. The trial began in September 
2020 and is expected to be completed by early 2024. All 
CPET data collected during the trial will be transmitted 
electronically to a central facility, the CPET Core Labo-
ratory, where they will be regularly reviewed. The trial 
will be conducted in accordance with the Declaration of 
Helsinki and the Good Clinical Practice Guidelines of the 
International Conference on Harmonisation, along with 
all local regulatory requirements. The informed consent 
document and the protocol have been or will be reviewed 
and approved by each investigator’s designated Institu-
tional Review Board/Independent Ethics Committee, and 
by the sponsor. The trial is registered at ClinicalTrials.gov 
(identifier NCT04266197).

At each site, the investigator will obtain and docu-
ment written informed consent for each patient and will 
determine the eligibility of patients before enrolling them 
in the trial. Patients will be divided into two successive 
cohorts, cohort 1 (receiving 0.5 mg RT234) and cohort 2 
(receiving 1.0 mg RT234), with up to 86 patients in total. 
Each dose cohort will be further divided into two sub-
groups as defined by the number of background medi-
cations (i.e., up to two vs three). There will be up to 17 
patients in each dose cohort using up to two background 

Fig. 1  The Axial Oscillating Sphere (AOS) Dry Powder Inhaler (DPI) 
for inhalation of vardenafil. RT234 is a combination of vardenafil 
in powder form and the AOS DPI™ (Plastiape S.p.A., Osnago, Italy). 
Image copyright of Respira Therapeutics
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medications and up to 26 patients using three back-
ground medications. A Safety Monitoring Committee 
will independently review all safety and efficacy data 
from the trial once they have been collected. Data for 
patients who discontinue the study and provide an expla-
nation will be summarized and listed.

Study population
Each patient’s eligibility will be reviewed by the spon-
sor’s medical monitor before and after the baseline 
CPET. To be eligible for inclusion in the trial, patients 
must be between 18 and 80 years of age, inclusive; have 
a diagnosis of right heart catheterization–confirmed 
PAH with WHO/New York Heart Association func-
tional class II–IV symptomatology; have a body mass 
index ≤ 35.9 kg m–2; be on stable PAH disease-specific 
background therapy of up to three oral and/or inhaled 
therapies; have a 6MWD of ≥ 150 m; and have minute 
ventilation (VE)/carbon dioxide production (VCO2) 
slope of ≥ 36 (Table  1). The sponsor’s chief medical 
officer or designated medical monitor must approve 
RT234 dosing. Patients will be excluded from the trial 
if they have baseline systemic hypotension, defined as 
mean arterial pressure < 50 mmHg or systolic blood 
pressure (SBP) < 90 mmHg, or a history of uncontrolled 
hypertension, defined as SBP > 175 mmHg or sitting dias-
tolic blood pressure > 110 mmHg; use parenteral PAH 
medications; or have evidence or history of left-sided 
heart disease and/or clinically significant cardiac disease 
(Table 1).

Treatment protocol
Once patient eligibility has been confirmed, the study 
will begin with the screening visit(s) (visit 1), which will 
occur between 28 and 3 days before the CPET base-
line visit (Fig.  2). The screening visit(s) will include two 
6MWTs performed at least 2 days apart or, if tolerable 
to the patient, at least 2 hours apart on the same day 
(this will account for the learning effect associated with 
the 6MWT [14]; the relative difference between the 
two measurements must be ≤ 15%). The two screen-
ing 6MWDs will be averaged to determine the base-
line 6MWD. At the CPET baseline visit (visit 2; day 1), 
enrolled patients will return to the testing center for 
pre-test assessments, CPET, and post-test assessments 
(Fig.  3). Eligible patients whose baseline CPETs are 
deemed evaluable by the CPET Core Laboratory will 
enter the treatment period (visits 3 and 4) for dosing with 
RT234 and post-dose CPET and 6MWT. At the CPET 
treatment visit (visit 3; day 8), patients will return to the 
testing facility for pre-CPET assessments and a single 
dose of RT234 (0.5 mg for cohort 1 and 1.0 mg for cohort 
2), which will be administered with the aid of the study 

team. CPET will be performed 30 minutes post dose, at 
approximately the same time of day at each visit (within 2 
hours), followed by post-test assessments. At the 6MWT 
treatment visit (visit 4; day 15), patients will undergo pre-
6MWT assessments and receive a single dose of RT234. 
Patients will perform a 6MWT 30 minutes post dose and 
will then undergo post-test assessments. Plasma samples 
for PK analyses will be collected before and after RT234 
dosing at visits 3 and 4. RT234 will only be administered 
to patients during visits 3 and 4 (Fig. 1); patients will not 
use RT234 outside these two visits. Patients will remain 
at the clinic for PK sampling and safety monitoring for 
4 hours once all tests have been completed during visits 
3 and 4, and safety monitoring will continue for 30 days 
after visit 4. Visit 5 (day 45 ± 3-day window) will involve a 
follow-up telephone call assessment of safety.

Outcome measures and endpoints
The primary efficacy endpoint is the change from base-
line in peak oxygen consumption (VO2) measured during 
CPET performed 30 minutes after a single dose of 0.5 mg 
or 1.0 mg RT234. The secondary efficacy endpoints are 
change from baseline in 6MWD (mean of two 6MWDs 
at screening) to the 6MWD measured 30 minutes after 
RT234 dosing; change from baseline to post dose in the 
minute VE/VCO2 slope during CPET; change from base-
line to post dose in the response of the partial pressure 
of end-tidal carbon dioxide apex to exercise (i.e., highest 
level during CPET); change from baseline to post dose 
in the duration of exercise during CPET; change from 
baseline to post dose in peak perceived dyspnea during 
CPET, as assessed by the Modified Borg Dyspnea Scale 
Score [15]; change from baseline to post dose in Patient 
Global Impression of Severity (PGI-S) for CPET (assessed 
before CPET and after a 2-minute cooldown after tread-
mill exercise while wearing mask, and then at 5-minute 
intervals [7, 12, and 17 minutes] without a mask); and 
changes from screening to post dose in PGI-S for 6MWT 
(assessed before the 6MWT and at 2 minutes after com-
pletion of the 6MWT).

The assessment of safety will involve evaluating the 
adverse event profile and acute physical and cardiac 
symptoms of single doses (0.5 or 1.0 mg) of RT234. The 
incidence and severity of TEAEs will be summarized 
by Medical Dictionary for Regulatory Activities (cur-
rent version) System Organ Class and Preferred Term, 
National Cancer Institute Common Terminology Criteria 
for Adverse Events (current version) grade, and causality 
(attribution to study treatment and related/not related to 
investigational medicinal product). Changes in vital signs 
(blood pressure [BP], heart rate, respiratory rate, body 
temperature, and pulse oximetry) will be monitored, and 
physical examinations and 12-lead electrocardiograms 
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Table 1  Patient inclusion and exclusion criteria

Inclusion criteria
• ≥ 18 to ≤ 80 years of age

• BMI ≤ 35.9 kg m–2*

• Diagnosis of documented and RHC–confirmed PAH in any of the following:
  • Idiopathic, primary, or familial PAH
    OR
  • PAH associated with connective tissue diseases
    OR
  • PAH associated with: HIV; simple, congenital systemic–to–pulmonary shunts ≥ 1-year post–surgical repair; exposure to drugs, chemicals, and toxins

• The patient must have had ventilation/perfusion scan, computerized tomography angiogram, or pulmonary arteriogram that rules out chronic  
thromboembolic pulmonary hypertension

• Previous PAH diagnosis with the following conditions:
  • Stable PAH without significant adjustments of disease–specific background PAH therapy ≥ 3 months before the CPET procedure
    AND
  • If on corticosteroids, has been receiving a stable dose of ≤ 20 mg per day of prednisone (or equivalent dose of other corticosteroid) for ≥ 30 days 
before the baseline CPET

• PFT within 6 months before commencement of screening, or during the screening period for this study, that fulfills the following:
  • FEV1 ≥ 60% predicted
  • FVC ≥ 60% predicted
  • FEV1/FVC ≥ 60%

• RHC performed and documented before screening that is consistent with the diagnosis of PAH, meeting all the following criteria:
  • mPAP ≥ 20 mmHg (at rest)
    AND
  • PCWP or LVEDP of ≤ 12 mmHg if PVR is ≥ 300 to < 500 dyn·s cm– 5, or PCWP or LVEDP ≤ 15 mmHg if PVR is ≥ 500 dyn·s cm–5 and, if PCWP is not avail-
able, then mLAP or LVEDP ≤ 15 mmHg or ≤ 12 mmHg in the absence of left atrial obstruction
    AND
  • PVR > 3 Wood units or > 240 dyn·s cm–5

• WHO/NYHA functional class II–IV symptomatology

• On stable† PAH disease–specific background therapy of ≤ three oral therapies and/or inhaled therapy

• Able to walk ≥ 150 m on the 6MWT‡

• Has a VE/VCO2 slope ≥ 36 during the baseline CPET§

• Maximal effort on the baseline CPET must reach a peak RER of ≥ 1.0

• If the patient is taking the following concomitant medications, which may affect PAH, the patient must be on a stable therapeutic dose for ≥ 1 month 
before the screening, and the dosage must be maintained throughout the study:
  • Vasodilators
  • Digoxin
  • L–arginine supplement
  • Anticoagulants (anticoagulation status should be maintained/stable in the therapeutic range for ≥ 1 month before the screening)

Exclusion criteria
• Baseline systemic hypotension, defined as MAP < 50 mmHg or SBP < 90 mmHg at screening

• History of chronic uncontrolled asthma

• Patients who are unable or may find it difficult to use an inhaler device

• Requirement for intravenous inotropes within 30 days before the baseline CPET procedure

• Use of parenteral PAH medications

• Use of ricioguat as background PAH therapy ≤ 1 month before initiating screening or during the study through the end of visit 4

• Use of oral, topical, or inhaled nitrates within 2 weeks before the baseline CPET procedure

• Has history of or current uncontrolled systemic hypertension as evidenced by sitting SBP > 175 mmHg or sitting DBP > 110 mmHg at screening

• Portopulmonary hypertension, portal hypertension, or chronic liver disease determined to be Child–Pugh B or C

• Evidence or history of left–sided heart disease and/or clinically significant cardiac disease

• History of atrial septostomy

• History of known uncorrected right–to–left shunt; clinically relevant, persistent patent foramen ovale; or known Eisenmenger’s physiology

• Paroxysmal or uncontrolled atrial fibrillation

• Chronic renal insufficiency

• Serum alanine aminotransferase or aspartate aminotransferase that is ≥ 3x the upper limit of the normal range

• Platelets < 50,000 µL–1 at screening

• Hemoglobin concentration < 9 g dL–1 at screening
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Table 1  (continued)
6MWT 6-minute walking test, BMI body mass index, CPET cardiopulmonary exercise testing, DBP diastolic blood pressure, FEV1 forced expiratory volume in 1 second, 
FVC forced expiratory vital capacity, LVEDP left ventricular end-diastolic pressure, MAP mean arterial pressure, mLAP mean left atrial pressure, mPAP mean pulmonary 
arterial pressure, NYHA New York Heart Association, PAH pulmonary arterial hypertension, PCWP pulmonary capillary wedge pressure, PFT pulmonary function testing, 
PVR pulmonary vascular resistance, RER respiratory exchange ratio, RHC right heart catheterization, SBP systolic blood pressure, VE/VCO2 ventilation/carbon dioxide 
production, WHO World Health Organization

*To consider individuals with BMI > 36 kg m–2, contact the sponsor Medical Director
† Stable is defined as no change in PAH-specific drug therapy within 3 months of screening visit 1 and for the duration of the study, and no change in dose of PAH-
specific drug(s) within 1 month of screening
‡ 6MWT distance will be determined using the mean of the two 6MWT results done between visits 1 and 2, ≥ 2 hours apart if conducted on the same day, or ≥ 2 days 
apart
§ As assessed by the CPET Core Laboratory

Prospective, multicenter, open-label, 2-cohort, dose-escalation, Phase 2b study

End of study
Safety follow-up

Screening
Day -28
to Day -3

Day 1 Day 8 Day 15 Day 45

CPET
(baseline)

CPET 6MWT

Enrolled
(N=86)

6MWT
(baseline)

Cohort 1 (N=43):
Subgroup 1: up to 2 
background medications
Subgroup 2: 3 background
medications
RT234 0.5 mg 

SMC review of
Cohort 1 safety,
efficacy, and
PK data 

Primary endpoint
Change in peak VO2 from

Day 1 to Day 8
(30 min post dose) 

Cohort 2 (N=43):
Subgroup 1: up to 2
background medications
Subgroup 2: 3 background
medications
RT234 1.0 mg 

RT234 via DPI RT234 via DPI

Fig. 2  Study design. Patients with pulmonary arterial hypertension will be assigned to two successive cohorts to receive one dose of RT234 (0.5 mg 
for cohort 1 and 1.0 mg for cohort 2) via the Dry Powder Inhaler (DPI; Plastiape S.p.A., Osnago, Italy). Screening 6-minute walking tests (6MWT) to 
determine baseline 6-minute walking distance will be conducted between days − 28 and − 3 of the study (visit 1). On day 1 (visit 2), patients will 
undergo baseline cardiopulmonary exercise testing (CPET) to measure peak oxygen consumption (VO2). On day 8 (visit 3), patients will receive 
0.5 mg (cohort 1) or 1.0 mg (cohort 2) RT234 and will perform CPET 30 minutes post dose. On day 15 (visit 4), patients will receive 0.5 mg (cohort 
1) or 1.0 mg (cohort 2) RT234 and will perform the 6MWT 30 minutes post dose. Blood samples will be collected at visits 3 and 4 before RT234 
dosing; at 3, 15, and 30 minutes post dose; immediately at the end of the exercise period; and at 45, 75, 120, 180, and 240 minutes post dose 
for pharmacokinetic (PK) measurements. Patients will be monitored for 240 minutes post dose at visits 3 and 4. Follow-up will be conducted by 
telephone on day 45 (visit 5). Safety will be monitored throughout the study by the Safety Monitoring Committee (SMC)
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(ECGs) will be conducted to measure the change from 
baseline to post dose.

Exploratory endpoints include the proportion of 
patients with improvement in risk category (low, 
intermediate, or high) for the VE/VCO2 slope criteria 
(defined in the 2015 European Society of Cardiology/
European Respiratory Society Guidelines for the Diag-
nosis and Treatment of Pulmonary Hypertension [1]) 
during CPET from baseline to post dose, and changes in 
the following additional CPET parameters from base-
line to post dose, according to the recommendations of 
the American Heart Association [16]: ECG response to 
exercise, VO2 at ventilatory threshold, change in respir-
atory exchange ratio at peak VO2, systolic BP response 
to exercise, pulse oximetry response to exercise, the 
non-peak Modified Borg Dyspnea Scale Score [15] 
throughout exercise (at every non-peak minute during 
CPET and for 6 minutes post CPET), the Borg Rating 
of Perceived Exertion Scale [17] throughout exercise 
(every 2 minutes during CPET and recovery), the Duke 
Activity Status Index [18] and the 4-Point Angina Scale 
[19].

The PK parameters of vardenafil and the relation-
ship between vardenafil exposure and changes in CPET 
parameters and 6MWD will also be determined. Plasma 
samples will be collected at visits 3 and 4 before RT234 
dosing; at 3, 15, and 30 minutes post dose; immediately at 
the end of the exercise period; and at 45, 75, 120, 180, and 
240 minutes post dose. Vardenafil concentrations will be 
measured in the PK samples as described previously [13]. 
Estimators of PK parameters will include Tmax, Cmax, area 
under the curve from time 0 to the last measurable con-
centration (AUC​0–Last), AUC from time 0 to infinity (AUC​
0–Inf), and half-life (t1/2). For CPET, exposure–response 
analysis will be based on AUC​0–Last and change from 
baseline in peak VO2 measured during CPET 30 minutes 
after RT234 dosing; for the 6MWT, exposure–response 
analysis will be based on AUC​0–Last and change from 
baseline 6MWD (mean of the screening 6MWDs) to the 
6MWD 30 minutes after RT234 dosing.

Statistical analysis
The estimated total sample size is 86 enrolled patients, 
with a 5% dropout rate and a computed sample size of 

(See figure on next page.)
Fig. 3  Schedule of events. Study assessments will be performed over 45 days for each cohort. The schedule lists all the interventions, tests, and 
pre- and post-test assessments that will be performed at screening (days − 28 to − 3), cardiopulmonary exercise testing (CPET) at baseline (day 1), 
treatment (days 8 and 15), and safety follow-up (day 45) visits. Adverse event assessments and interval history reviews will be conducted at each 
visit. 6MWT 6-minute walking test, 6MWD 6-minute walking distance, BP blood pressure, DASI Duke Activity Status Index, ECG electrocardiogram, 
HR heart rate, HRR heart rate recovery, NYHA New York Heart Association, O2 oxygen, PAH pulmonary arterial hypertension, PFT pulmonary function 
testing, PGI-S Patient Global Impression of Severity, PK pharmacokinetic, RPE rating of perceived exertion, SPO2 peripheral oxygen saturation, WHO 
World Health Organization. *Potential patients will be screened approximately 3 days (≤ 28 days) before baseline CPET visit 2. †Patients will be 
scheduled for treatment CPET visit 3, approximately 7 days after the baseline CPET visit 2. ‡If a patient prematurely discontinues the study any time 
before dosing or treatment CPET visit 3 because of an adverse event or patient safety concern, the patient should return to the clinic as soon as 
possible for an early termination study visit. §Medical history will include a detailed PAH disease-specific medical history. IIClinical laboratory tests 
may be repeated at the baseline CPET visit 2 if screening laboratory results are deemed clinically significant and warrant repeat testing. Clinical 
laboratory includes hematology, chemistry, and urinalysis. Prothrombin time international normalized ratio will also be tested in patients taking oral 
vitamin K antagonists. ¶Urine or serum pregnancy test at screening visit 1 required and a urine or serum pregnancy test at visit 3 and visit 4. **Either 
a single 0.5-mg dose (cohort 1) or a single 1.0-mg dose (cohort 2) of RT234 will be administered 30 minutes before CPET at visit 3 and 30 minutes 
before the 6MWT at visit 4. ††Interval history will include any signs, symptoms, or events experienced by the patient since the previous study 
visit. ‡‡Physical examinations at screening will be complete; all other physical examinations will be symptom directed. §§Height will be obtained only 
at screening visit 1. II IIResting vital signs (BP, HR, respiration rate, body temperature, and pulse oximetry [SPO2]) after resting for 5 minutes (sitting). 
Vital signs should be taken before any blood draw. BP, HR, and SPO2 will also be measured during CPET and into recovery (HR via continuous 
ECG monitoring during CPET and for 6 minutes post CPET, BP assessment every 2 minutes during CPET and for 6 minutes post CPET, and SPO2 
assessment every minute during CPET and for 6 minutes post CPET) and at treatment 6MWT visit 4 (before RT234 dosing; 5 and 15 minutes post 
dose before 6MWT at 30 minutes post dose; and at 60 and 120 minutes post dose). ¶¶Continuous ECG monitoring will be collected during CPET 
and for 6 minutes post CPET. ***PFT may be completed at screening and/or baseline to confirm eligibility if historical PFT results within 6 months 
before screening are not available. †††During the screening period, two 6MWTs will be performed at least 2 days apart, and the mean of the distance 
walked will be used for eligibility. If tolerable for the patient, the two 6MWTs at screening can be performed on the same day after a minimum of 
2 hours between each test. The two screening 6MWDs must have a relative difference (i.e., [absolute difference between the two 6MWDs] / [mean 
of the two 6MWDs]) of ≤ 15%. If the difference is > 15%, a third 6MWT will be done during screening. If after the third 6MWT the relative distance is 
still > 15%, the Sponsor Medical Monitor will be contacted. The two longest 6MWDs will be averaged to determine the baseline 6MWD. ‡‡‡ The CPET 
assessments conducted at Visits 2 (pre dose) and 3 (post dose) will be conducted at approximately the same time of day (within 2 hours). §§§PGI-S 
before CPET and at 2 minutes cool down off treadmill but still wearing the mask, then at 5-minute intervals: 7, 12, and 17 minutes with the mask off. 
For the 6MWT, PGI-S will be taken before and at 2 minutes after completion of the test. II II IIModified Borg Dyspnea Scale assessment every minute 
during CPET and for 6 minutes post CPET. ¶¶¶Borg RPE Scale assessment every 2 minutes during CPET and for 6 minutes post CPET. ****Angina 
Scale assessment every 2 minutes during CPET and for either 6 minutes post CPET or, if indicated, until symptom recovery. ††††DASI assessment 10 
minutes post CPET. ‡‡‡‡PK samples will be collected at visits 3 and 4 before RT234 dosing; at 3, 15, and 30 minutes post dose; immediately at the 
end of the exercise period; and at 45, 75, 120, 180, and 240 minutes post dose
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17 and 26 patients with up to two and three background 
medications, respectively, per dose cohort (0.5 and 
1.0 mg). This was derived using a one-sample two-sided 
t test (0.05 significance level and 80% power) to test the 
null hypothesis of no change in peak VO2 from baseline 
to post dose assessed during CPET performed 30 min-
utes after RT234 dosing. The assumed mean change from 
baseline is 1.5 and 1.2 mL O2·kg–1·min–1 [20] for patients 
with up to two and three background medications, 
respectively, in each dose cohort. A standard deviation of 

2 mL O2·kg–1·min–‍1 is assumed for each dose cohort and 
background medication group.

The primary efficacy analysis will be conducted on the 
modified intention-to-treat (mITT) analysis set, which 
comprises all treated patients with baseline and post-
baseline assessment of peak VO2. This mITT analysis set 
will serve as the basis for all efficacy analyses. The analysis 
procedure will be repeated for the per-protocol analysis 
set (all mITT patients who do not experience any major 
protocol violations) using a one-sample t test (if peak 

Screening 
(includes 
baseline 6MWT) 
visit 1*

CPET testing†

Treatment
6MWT
visit 4

Safety follow-up
30 days post
treatment
visit 5 

Early
termination‡

Baseline 
visit 2

Treatment 
visit 3

3±54yaD3±51yaD3+8yaD1yaD3–ot82–syaDtniopemiT

cinilCcinilCcinilCcinilCcinilCepyttisiV Telephone

XneercsytilibigilE

XtnesnocdemrofnI

Medical history§ X

Inclusion/exclusion criteria X X

Blood and urine collectionII X

Pregnancy test¶ XXX

Interventions

Dispense/administer study drug**

Concomitant medications

Assessments

Interval history†† X X X X X

WHO/NYHA Functional Class II–IV 
Symptomatology Assessment X

Full/directed physical examination‡‡ XXXXX

Height and weight§§ X X X

Vital signs, including O2 saturationII II XXXXX

ECG¶¶ X X X

PFT*** X

XRRHhtiwTWM6 ††† X

Device training per pharmacy manual
for DPI; Dose Administration

CPET‡‡‡ X X

PGI-S§§§ X X X X

Modified Borg Dyspnea ScaleII II II X X

Borg RPE Scale¶¶¶ X X

Angina scale**** X X

DASI†††† X X

PK sampling‡‡‡‡ X X

Adverse event assessment X X X X X X

X X

X X

X X X X X X

Fig. 3  (See legend on previous page.)
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VO2 follows a normal distribution) to test the two-sided 
null hypothesis (0.05 significance level) of no change in 
peak VO2. The 95% CI for peak VO2 mean change will be 
derived from the t test if the normality assumption is not 
rejected. If it is rejected, a one-sample Wilcoxon signed-
rank test will be used to determine the median change in 
peak VO2 with a 95% CI estimate.

The secondary efficacy analyses will be conducted 
on the mITT analysis set and will be repeated with the 
per-protocol analysis set, as described for the primary 
efficacy analyses. Because this study is exploratory (open-
label, uncontrolled, and non-randomized) and its focus is 
on dose-escalation safety and activity, formal inferential 
statistics are not planned, and multiplicity adjustment 
will not be performed.

Safety data will be summarized descriptively for the 
safety analysis set (all patients who receive at least one 
dose [partial or complete] of RT234; safety parameters 
will be summarized for the pooled background medica-
tion groups in each dose cohort) on the basis of TEAEs, 
clinical laboratory assessments, vital signs, weight, and 
physical examinations. Changes from baseline in these 
assessments will be summarized by cohort using stand-
ard descriptive statistics. TEAE incidence rates will 
be summarized by frequency and percentage for each 
cohort and overall.

Planned PK parameters (Tmax, Cmax, AUC​0–Last,  
AUC​0–Inf, and t1/2) will be calculated for treated patients 
with available PK measurements using the standard lin-
ear trapezoidal convention for all available drug concen-
tration measurements. Standard descriptive statistics 
(mean, median, n, standard deviation, minimum, maxi-
mum, and coefficient of variation) will be used to sum-
marize the PK parameters, along with the 90% CI, when 
appropriate.

Discussion
RT234 is a first-in-class treatment for PAH that is 
designed to provide immediate relief for exertion-related 
symptoms. Current approved therapies for PAH are 
chronic treatments that require multiple doses to allevi-
ate symptoms and delay disease progression. Moreover, 
despite ongoing advances in these therapies, patients 
continue to experience a significant reduction in car-
diorespiratory fitness and exercise capacity [21]. These 
therapies are also associated with adverse effects that 
reduce patients’ quality of life, including nausea, head-
ache, and flushing, as well as injection site pain and 
infection with infusion medications [22]. These adverse 
effects are due, in part, to the doses required for an effec-
tive local drug concentration in the pulmonary arteries. 
Vardenafil is a high-affinity inhibitor of PDE5 (half-max-
imal inhibitory concentration [IC50] 0.091 ± 0.031) [11], 

which, in combination with its slow dissociation rate, 
allows for lower concentrations of the drug to be used, 
reducing the chance of adverse effects. Furthermore, 
direct delivery to the lungs via RT234 reduces systemic 
exposure to the drug, as observed in RT234-CL101 [13]. 
This is supported by the results of the RT234-CL201 
phase IIa study, in which the pulmonary vascular resist-
ance/systemic vascular resistance ratio was reduced and 
stable mean systemic arterial pressure and systemic vas-
cular resistance were maintained [23].

Two inhaled therapies have been approved to treat 
PAH, iloprost (Ventavis®, Actelion Pharmaceuticals, 
South San Francisco, CA,  USA) and treprostinil (Tyv-
aso®, United Therapeutics, Silver Spring, MD,  USA), 
which were developed as alternatives to intravenous ther-
apies. However, these drugs have been formulated for use 
with a nebulizer, which is difficult and time consuming to 
operate [24, 25]. Two investigational dry powder formu-
lations of treprostinil, Tyvaso DPI™ and Yutrepia™ (Liq-
uidia, Morrisville, NC, USA), have also been approved or 
tentatively approved to treat PAH. These drugs have been 
developed as chronic treatments that will offer an alter-
native to nebulized treprostinil.

Inhaled PRN therapies have been shown to improve 
symptoms and exercise capacity in other diseases that 
impede exercise, for example, bronchodilators in patients 
with asthma [26] and oral nitroglycerin spray in patients 
with chronic angina [27]. Similarly, PRN therapy for 
PAH is expected to enable patients to exercise more eas-
ily, resulting in improved fitness and functional capac-
ity [28]. RT234-CL202 is the first trial to test the acute 
effect of an inhaled PDE5i on exercise parameters in 
patients with PAH and is therefore the first to address 
the unmet need for a PRN therapy for PAH. This trial will 
extend the results of the phase I and IIa studies, which 
established that RT234 is ideally suited for use as a PRN 
treatment for PAH because it exhibits pulmonary selec-
tivity, is rapidly absorbed and cleared [13], and is well 
tolerated by patients with PAH on background therapies 
[23]. Although these trials demonstrated that RT234 has 
an acceptable safety profile and improves hemodynamic 
parameters in patients with PAH, this phase IIb trial will 
specifically investigate the safety and efficacy of RT234 
when used to acutely improve VO2 during exercise.

A strength of this study is that it is the first involv-
ing a PRN therapy for PAH. Additionally, to ensure that 
patients enrolled in the trial do not have reduced car-
diopulmonary fitness due to factors other than PAH 
[29], individuals with confounding conditions such as 
hypotension, uncontrolled asthma, systemic hyperten-
sion, and cardiac disease are not eligible for this trial. 
The validity of the results will be ensured through the 
use of CPET to assess cardiopulmonary output because 
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it allows for numerous clinically relevant measure-
ments to be made simultaneously, including the change 
in VO2 [30]. The use of the 6MWT to assess exercise 
capacity will also contribute to validity because it has 
been used routinely in clinical trials for approved PAH 
therapies [31]. Although there are limitations to using 
the 6MWD as a clinical endpoint for long-term studies, 
it is a valid measure in short-term studies with small 
cohort sizes [29].

The main limitation of the study is the small number 
of patients, although the planned sample size was cal-
culated to ensure sufficient power and to account for 
the effect of patient dropout, and the short duration 
of the trial will help to minimize the loss of patients. 
Along with this, the lack of a placebo arm and the 
open-label nature of the trial increase the risk of intro-
ducing bias. Finally, the trial excludes patients using 
intravenous PAH therapies because these patients gen-
erally have severe disease that may substantially limit 
their exercise capacity [32].

The results of the RT234-CL202 trial, expected by 
early 2024, will inform the design of phase III trials to 
determine the efficacy and safety of RT234 in patients 
with PAH. If these trials are successful, PRN RT234 is 
anticipated to provide acute improvements in patients’ 
capacities for exercise and physical activity and to 
reduce the exertional symptoms associated with physi-
cal activity, thereby improving the quality of life of 
those living with PAH.
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