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Abstract

Pulmonary arterial hypertension (PAH) has emerging therapeutic options including prostacyclin 

analogs. Inhaled therapy offers advantages compared to alternative routes of administration. We 

aimed to determine the safety and tolerability of inhaled treprostinil (iTRE) titrated to target 

maintenance dose higher than the labeled dose for PAH. Our study included 80 consecutive 

patients (69% female, 70% White) followed at Duke University Medical Center prescribed iTRE 

at dose > 9 breaths (54 mcg). Etiology of PH was most frequently pulmonary arterial hypertension 

(PAH) (51%) or secondary to lung disease (35%). Median follow-up was 20.3 months (IQR 14.2–

33.2). Most patients (91%) had titrated iTRE dose to 12 breaths (72 mcg) four times daily. 

Common side effects reported with drug initiation were cough (41%), headache (28%) and throat 

irritation (8%); the majority of side effects improved at follow-up. Overall, 25% patients 

discontinued iTRE: 9 transitioned to parenteral therapy, 4 had untolerable side effects, 3 died, and 

4 had other reasons. Overall, iTRE taken at a higher dose than approved for use in PAH was safe 

and well-tolerated in our cohort of PH patients.
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Introduction

Pulmonary hypertension (PH) is defined hemodynamically as mean pulmonary arterial 

pressure greater than 25 mmHg at rest. Whether it occurs as a primary disease of the 

pulmonary arteries (pulmonary arterial hypertension [PAH], World Health Organization 

[WHO] Group 1) or secondary to left heart disease, lung disease, chronic thromboembolic 

disease, or other causes (WHO Groups 2–5, respectively), the diagnosis of PH portends a 

poor prognosis. The pathogenesis of PAH is directly related to abnormal pulmonary 

vasculature (i.e., increased vasoconstriction, vascular remodeling, and thrombosis) 

associated with an imbalance of prostacyclin, endothelin-1, and nitric oxide. (1–3) Current 

approved therapeutics for PAH target these molecular pathways and fall into one of several 
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classes: prostacyclin analogs, endothelin receptor antagonists, phosphodiesterase-5 

inhibitors, and soluble guanylate cyclase stimulators. Occasionally, WHO Groups 2 and 3 

patients who have a significant precapillary component of disease are also treated with PAH-

specific therapies, although evidence is lacking. (4, 5)

Treprostinil is a tricyclic benzindene prostacyclin analog that is stable at room temperature. 

(6) As shown in several monotherapy and combination therapy trials, treprostinil in various 

forms (i.e., parenteral, subcutaneous, and inhaled) improves symptom burden and 6 minute 

walk distance (6MWD) in PAH patients. (7–16) In particular, compared to parenteral 

administration, inhaled treprostinil (iTRE) therapy offers the advantage of avoiding long-

term invasive access and associated complications, (16, 17) as well as potentially lowering 

the risk of systemic vasodilation and ventilation-perfusion mismatch in patients with lung 

disease. (18–20) Inhaled treprostinil was approved for PAH patients with New York Heart 

Association class III symptoms based on the results of the pivotal Treprostinil Sodium 

Inhalation Used in the Management of Pulmonary Arterial Hypertension (TRIUMPH) trial 

in 2009, which randomized 235 patients on bosentan or sildenafil to added iTRE (mean dose 

50 ± 10 μg) or placebo and showed an increase of 20 meters in 6MWD at 12 weeks in the 

treatment arm. (13) The currently approved iTRE dosing titration algorithm reaches a 

maximum of 9 breaths (54 mcg) four times daily.

However, a dose-dependent relationship with duration of pulmonary vascular resistance 

reduction has been previously shown. (21) Furthermore, iTRE has a half-life of only 44–52 

minutes, (22, 23) making optimal dosage with each administration critical. Although doses 

of up to 12 breaths (72 mcg) four times daily have been reported, the safety and tolerability 

of > 9 breaths four times daily have not been studied. (7, 8) Of note, iTRE has not been FDA 

approved for WHO groups II–V. We aimed to characterize safety and tolerability of higher 

iTRE doses (>9 breaths four times daily and/or greater than 216 mcg/day) from our single 

tertiary center experience in treating PH patients.

Methods

Study Population

We performed a retrospective cohort study of all WHO Group 1–5 PH patients followed at 

the Duke University Medical Center PH Clinic prescribed high-dose iTRE (> 9 breaths four 

times daily) prior to August 2012. The PH clinic standard iTRE dosing protocol is as 

follows: 3 breaths (18 mcg)/initial session, 6 breaths (36 mcg)/second session, and then 

titration as tolerated, based on side effects, by 1 breath daily until a maximum dosage of 12 

breaths (72 mcg) four times daily is achieved (Figure 1). Of note, iTRE initiation (first and 

second sessions) was performed in clinic under physician supervision with 4 hours in 

between the sessions.

Data Sources

Data were collected by chart abstraction from the electronic medical record for three 

separate time points for each patient: 1) Baseline at 9 breaths four times daily (up to 3 

months prior to beginning iTRE); 2) Follow-up 1 (3–6 months post initiation of high-dose 
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iTRE), and Follow-up 2 (most recent visit prior to August 2012). If a patient stopped high-

dose iTRE (either dose reduced or stopped completely) prior to Follow-up 1 or Follow-up 2, 

data were collected from the most recent visit closest to the high-dose discontinuation. 

Patient demographics, past medical history, and WHO classification of PH were collected 

for each patient from the Baseline visit. Start date and initial and subsequent iTRE doses 

were also obtained for each patient. Study data were collected and managed using Research 

Electronic Data Capture (REDCap) tools hosted at Duke University Medical Center.

Endpoints

The primary endpoints for our study were safety and tolerability. Safety parameters 

consisted of adverse events (AEs), routine clinical laboratory tests (serum creatinine, 

hematocrit, platelet count), vital signs (pulse, respiratory rate, systolic and diastolic blood 

pressure, body mass index), and physical examination findings (jugular venous distension, 

lung sounds, peripheral edema, ascites). Tolerability of high-dose iTRE was assessed by a 

need for dose reduction, discontinuation, and reasons for discontinuation.

In addition, the following data related to PH severity were captured for all visits: 6MWD, 

Borg Dyspnea Index, Dyspnea-Fatigue Index, WHO or NYHA functional class, 

echocardiographic findings, pulmonary function test (PFT) values, amino-terminal pro-B-

type natriuretic peptide (NT-proBNP) value, and concomitant PH medications. Statistical 

analysis of continuous variables was performed with descriptive statistics. Continuous 

variables were expressed as mean ± standard deviation unless otherwise stated. Student's t-

test for paired samples was performed to determine statistical significance of efficacy 

results. Statistical tests were performed using GraphPad Prism version 5.0a for Mac OS X, 

GraphPad Softare, La Jolla California USA, www.graphpad.com. Duke University 

Institutional Review Board determined that the study protocol adheres to ethical principles, 

and its approval was granted to this study prior to data collection.

Results

A total of 80 patients were included in our study with baseline characteristics described in 

Table 1. Most patients had PAH (51.9%) or PH secondary to lung disease (31.6%). Dates of 

iTRE initiation ranged from 12/2005 to 7/2012. Among all patients, the median duration of 

titration from 9 breaths/dose to 12 breaths/dose was 3 days (25–75% interquartile range [Q1-

Q3], 1–3; mean 32.2 days; range 0–685). Median times from start of high-dose iTRE 

therapy to Follow-up Visits 1 and 2 were 5.2 months (Q1-Q3: 4.0–8.7) and 20.3 months 

(Q1-Q3: 14.2–33.2), respectively. Finally, of the original cohort, 49 patients had available 

data for the Follow-up Visit 1 analysis, and 39 patients continued to Follow-up Visit 2.

Adverse Events

Patients at baseline most frequently reported cough (39%) and headache (29%) although 

both decreased over time. All noted AEs by frequency at Baseline and Follow-up Visits 1 

and 2 are listed in Table 2. Additionally, 26 patients (32.5%) had no AE at baseline, and 29 

(59.2%) and 25 (64.1%) had no AE at Follow-up Visits 1 and 2, respectively. There were 3 

patient deaths attributed to worsening PH or post-operative complications.
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Tolerability

Of the total cohort, 78 patients had titrated their dose to 12 breaths (72 mcg) four times 

daily, while two received 10–11 breaths. During the study period, 15/78 (19.2%) patients 

decreased the iTRE dose below 12 breaths four times daily due to intolerable medication 

side effects (Table 3). Of these patients, 5 eventually discontinued iTRE completely (2 

secondary to continued medication intolerance at lower dose and 3 required parenteral 

prostacyclin therapy). Overall, 20/78 (25.6%) patients discontinued iTRE in follow-up: 9 

transitioned to parenteral therapy, 4 stopped due to side effects, 3 died, 2 self-discontinued, 1 

had worsening PH symptoms on high-dose iTRE (parenteral therapy not appropriate), and 1 

had lack of clinical response.

Efficacy Parameters

Routinely used measures including 6-minute walk distance, Borg dyspnea index, and NT-

proBNP were tracked over time as biomarkers of PH severity. The average change in 6-

minute walk distance was 3.9 meters (95% confidence interval: −13.4, 21.2) from Baseline 

to Follow-up 1 (n=39; p=0.65), and 31.6 meters (−3.8, 67.0) from the Baseline to Follow-up 

2 (n=34; p=0.08). Mean Borg Dyspnea Index changed by −0.2 (−0.7, 0.2) (n=37; p=0.31) 

and 0.0 (−0.76, 0.76) (n=32; p=1.00) between corresponding visits. Finally, NT-proBNP 

decreased by 39 ng/L (−312, 234) at Follow-up 1 (n=32, p=0.77) and 630 ng/L (−1456, 197) 

at Follow-up 2 (n=23, p=0.13).

Discussion

We found that adverse events in PH patients on iTRE at 12 breaths (72 mcg) four times daily 

were relatively few and this dose was generally well-tolerated. Approximately one-third of 

our patient population did not experience any untoward effects. Of patients requiring dose 

reduction, cough and/or headache were responsible in 42% of the cases. Furthermore, 

among the patients who discontinued iTRE, only 20% cited intolerable side effects. Instead, 

the most common reason for discontinuation was the need to transition to parenteral therapy 

for worsening PH.

We found the safety profile of high-dose iTRE to be comparable to prior cited adverse 

effect/event rates of iTRE therapy. For example, in the TRIUMPH study of 235 patients on 

iTRE (maximum dose 9 breaths four times daily), cough (54% of patients) and headache 

(41% of patients) were the most frequent AEs in a 12 week follow-up period. (13) 

Furthermore, our cohort of patients did not experience previously documented rates of throat 

irritation (14%) and pharyngolaryngeal pain (11%). Instead, we observed a decrease in 

throat irritation over time among patients who remained on the drug (7.5% to 2.0% and 

0.0% in follow-up visits), and only 2 patients cited throat irritation as a reason for 

discontinuation. To provide a longer-term profile and outcomes assessment of these patients, 

the TRIUMPH study open-label extension cohort of 206 patients was followed to 24 

months. (7) Mean iTRE doses were 7.8 ± 2.9, 8.9 ± 2.5, 9.4 ± 2.6, and 9.5 ± 2.6 breaths at 6, 

12, 18, and 24 months, respectively. Adverse effects (cough and headache) accounted for 6% 

of events resulting in discontinuation in this longer-term follow-up.
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In a sick patient population with significant functional limitations and poor reserve, rapid 

titration of therapy to optimal dose (one that provides increased efficacy with tolerable side 

effects) is a critical part of management whenever possible. In prior studies, titration has 

spanned 18–21 days to achieve a dose of 9 breaths. (8, 13) It is possible that a more 

aggressive approach when appropriate may be preferred and well-tolerated.

The iTRE delivery system allows for titration of medication beyond the recommended 

package insert dosing instructions. Thus, PH clinicians can vary dosing for individual 

patients similar to standard practice with intravenous and subcutaneous prostacyclin 

therapies. This allows for patient-specific medication titration to maximal clinical benefit 

while minimizing side effects. Finally, we report a favorable safety and tolerability profile 

among PH WHO group 3 patients in our study for whom there are currently no approved 

therapies, and iTRE may provide benefit in this patient population.

Limitations

This study was limited by the retrospective study design and only included patients thought 

to be good candidates for higher dose iTRE. Because this was an observational study in 

clinical practice it also suffers from follow-up loss. The iTRE dosing changes were made 

according to a standardized protocol that resulted in most patients achieving target dose in a 

few days. In this analysis we did not assess the association of high-dose iTRE with the 

adjustment of other medications such as diuretics. There were insufficient follow-up data to 

analyze efficacy endpoints.

Conclusions

In conclusion, iTRE appears to be safe and generally well-tolerated at doses > 9 breaths four 

times daily among PH patients in our single center experience. These results warrant further 

investigation into the efficacy of high-dose iTRE in PH.
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Figure 1. 
High-dose inhaled treprostinil titration protocol.
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Table 1

Baseline Characteristics of Study Population (n=80). Continuous variables are expressed as mean±standard 

deviation.

Patient Characteristic

Mean age (years) 63.1

Female (%) 55 (68.8)

White (%) 55 (68.8)

Body Mass Index (kilogram/meter2) Comorbid conditions 30±7.0

 • Left heart disease 17 (21.3)

 • Diabetes mellitus 18 (22.5)

 • Hypertension 36 (45.0)

 • Depression 4 (5.0)

 • Obesity 25 (31.3)

 • Obstructive sleep apnea 20 (25.0)

 • Renal disease 11 (13.8)

 • Interstitial lung disease/ pulmonary fibrosis 20 (25.0)

 • Obstructive lung disease 23 (28.8)

 • Sarcoidosis 2 (2.5)

 • Venous thromboembolic disease 11 (13.8)

 • Non-skin cancer 9 (11.3)

PH World Health Organization Classification

 • Group 1 41 (51.9)

   ∘ Idiopathic 16 (40.0)

   ∘ Familial 1 (2.5)

   ∘ Drug/toxin-induced 2 (5.0)

   ∘ Connective tissue disease 15 (37.5)

   ∘ Human Immunodeficiency Virus 2 (5.0)

   ∘ Portopulmonary hypertension 1 (2.5)

   ∘ Congenital heart disease 3 (7.5)

 • Group 2 3 (3.8)

 • Group 3 25 (31.6)

   ∘ Obstructive disease 13 (52.0)

   ∘ Interstitial lung disease/fibrosis 6 (24.0)

   ∘ Mixed pattern 6 (24.0)

 • Group 4 9 (11.4)

 • Group 5 1 (1.3)

Concomitant pulmonary hypertension medications

• Endothelin receptor antagonist 46 (57.5)

• Phosphodiesterase-5 inhibitor 53 (66.3)

• Oxygen (continuous) 46 (57.5)

Biomarkers

World Health Organization Functional Class III/IV 62 (77.5)
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Patient Characteristic

Bo Borg Dyspnea Index Score core 3.6±2.2

Mean 6-minute walk distance (meters) 302±135

NT-proBNP (ng/L) (reference range < 125) 1923±3086
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Table 2

Adverse Events at Baseline (9 breaths/dose) and Follow-up Visits.

Adverse effect Baseline (%) (n=80) Follow-up 1 (%) (n=49) Follow-up 2 (%) (n=39)

Cough 31 (38.8) 10 (20.4) 7 (17.9)

Headache 23 (28.8) 7 (14.3) 5 (12.8)

Other 16 (20.0) 4 (8.2) 5 (12.8)

Flushing 13 (16.3) 2 (4.1) 3 (7.7)

Nausea/vomiting 6 (7.5) 0 (0.0) 2 (5.1)

Throat irritation 6 (7.5) 1 (2.0) 0 (0.0)

Diarrhea 5 (6.3) 3 (6.1) 3 (7.7)

Lightheadedness 4 (5.0) 3 (6.1) 0 (0.0)

Syncope 1 (1.3) 0 (0.0) 0 (0.0)

Hypotension 1 (1.3) 0 (0.0) 1 (2.6)
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Table 3

Reasons for dose reduction in high-dose iTRE cohort (15/80 patients).

Adverse Effect Number of Occurrences

Headache 6

Cough 4

Throat irritation 2

Jaw pain 2

Diarrhea 2

Tremulousness 2
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