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Executive Summary:  

· Treprostinil is a prostacyclin analogue and is indicated as an inhalation solution for the treatment of patients with World Health Organization (WHO) Group I Pulmonary Arterial Hypertension (PAH) and New York Heart Association (NYHA) Class III symptoms to increase walking distance. 

· Efficacy of treprostinil inhalation solution was evaluated in PAH patients already on oral monotherapy with an endothelin receptor antagonist (bosentan) or a phosphodiesterase type 5 inhibitor (sildenafil).  Evaluated  in one pivotal, phase 3, multicenter, randomized, double-blind, placebo-controlled trial, TRIUMPH 1, treprostinil was shown to improve peak 6-minute walk distance (6MWD) by a placebo-corrected median change from baseline of 20 meters (m) after 12 weeks of treatment ( 95% confidence interval [CI] = 8-33m; p=0.0004; mean baseline  6MWD = 348 ±66m).  Effect tended to be greater in patients with lower baseline 6MWD.  No improvement in time to clinical worsening,  NYHA functional class, or Borg dyspnea score was found with the addition of treprostinil.  An observational finding of this study was a lack of significant improvement in 6MWD in patients on background sildenafil therapy (30% of study population).  Open label extension studies of 24-36 months’ duration suggest that the benefit in 6MWD appears to be maintained.
· In TRIUMPH 1, more patients treated with treprostinil discontinued therapy due to adverse events compared to placebo (6% vs. 3%).  The most common adverse events reported with treprostinil inhalation included cough, headache, throat irritation/ pharyngolaryngeal pain, nausea, flushing, and syncope.  Additional adverse events that appeared to be related to the inhalation route of administration included epistaxis, hemoptysis, and wheezing.  Because of concerns regarding the potential for inhaled treprostinil to be associated with oropharyngeal and/or pulmonary toxicity, the FDA is requiring post-marketing study to further evaluate this risk.
· Treprostinil is dosed during waking hours in 4 separate treatment sessions approximately 4 hours apart. The effects diminish over the recommended dosing interval, and treatment timing can be adjusted for planned activities. The recommended starting dose is 3 breaths of treprostinil (18mcg) per treatment session. If tolerated, it is recommended that the dose be titrated until the target dose of 9 breaths (54mcg) per treatment session, 4 times daily, is reached. Treprostinil inhalation solution is for use only with the Tyvaso Inhalation System, which consists of the Optineb-ir Model ON-100/7 (an ultrasonic, pulsed-delivery device) and its accessories.
· Due to the vasodilator properties of treprostinil, patients may be at increased risk of symptomatic hypotension when the drug is co-administered with other agents that lower blood pressure.  Treprostinil inhibits platelet aggregation and may increase risk of bleeding.  Although no pharmacokinetic interactions have been identified with warfarin, additive risk of bleeding may occur when treprostinil is co-administered with warfarin or other anticoagulants.

· Information on drug interactions with treprostinil is limited to studies conducted with the oral and injectable formulations.  Treprostinil is metabolized by cytochrome P450 (CYP) 2C8; co-administration of inhibitors or inducers of this enzyme may increase or decrease exposure to treprostinil, respectively.  Treprostinil has not been shown to induce or inhibit other common CYP P450 enzymes.
Introduction

The purposes of this monograph are to:  (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating treprostinil inhalation solution for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Background1-6
PAH is a serious, progressive disease that results from restricted blood flow through the pulmonary arteries with a subsequent increase in pulmonary vascular resistance and ultimate right heart failure.1 The WHO updated clinical classification of pulmonary hypertension (PH) classifies the disease of PH into 5 groups with Group 1 encompassing PAH. WHO Group 1 includes: 1) idiopathic (IPAH), 2) heritable, 3) drug- and toxin-induced, 4) PAH associated with connective tissue diseases, human immunodeficiency virus (HIV), portal hypertension, congenital heart disease, schistosomiasis, and chronic hemolytic anemia, and 5) persistent PH of the newborn.2
Goals of therapy include improving symptoms and quality of life, delaying disease progression, and prolonging survival.  PAH-specific pharmacological therapies aimed at the underlying disease include prostacyclin analogs, endothelin receptor antagonists (ERAs), and phosphodiesterase inhibitors (PDE-5 inhibitors). General supportive therapies used include diuretics, anticoagulants (warfarin), cardiac glycosides (digoxin), calcium channel blockers (CCBs), and supplemental oxygen.1,3 Combination therapy is an area of continued interest due to the multiple pathological features of PAH with multiple drug targets, though the role of combination therapy in the management of PAH has not been definitively determined.1
Administered as a continuous subcutaneous or intravenous infusion, treprostinil sodium injection has been available in the United States since 2002 for the treatment of severe PAH to improve exercise capacity.4 Treprostinil inhalation solution is the second prostacyclin analog approved in the United States for administration via the inhalation route, with iloprost available since 2004.5,6 

Pharmacology/Pharmacokinetics/Pharmacodynamics5,7-10
Treprostinil is a prostacyclin analogue that exerts its effects through direct vasodilation of pulmonary and systemic arterial vascular beds and inhibition of platelet aggregation. 
Table 1 Pharmacokinetics
	Parameter
	Treprostinil Inhalation Solution5

	Bioavailability
	64% (18mcg) and 72% (36mcg)

	 Cmax
	~ 1.4 ng/mL with 54 mcg dose†

	Protein Binding
	91% (in vitro)

	Metabolism*
	Substantially metabolized by the liver, primarily cytochrome P450 enzyme  
(CYP) 2C8

	Elimination*
	Renal: 4% unchanged; 79% inactive metabolites 
Nonrenal: 13% 

	Half-life*
	4 hr terminal


†Comparatively, plasma concentrations of ~ 5 ng/mL are achieved with treprostinil subcutaneous continuous infusions at 40 ng/kg/min7; Each incremental dose of 10 ng/kg/min with treprostinil SQ/IV continuous infusions produce a corresponding plasma-level increase of approximately 1 ng/mL8; *Based on subcutaneous administration5
Results from randomized, controlled, pilot hemodynamic studies indicated that various doses of treprostinil reduced pulmonary vascular resistance (PVR) and pulmonary arterial pressure (PAP) with no significant reduction in systemic arterial pressure (SAP).9,10 Compared with inhaled iloprost, inhaled treprostinil appeared to have a longer duration of action, although the onset of vasodilator effects was slower.10
Single therapeutic and supratherapeutic doses of treprostinil administered to healthy volunteers were shown to prolong the corrected QT (QTc) interval by approximately 10 milliseconds, an effect that dissipated quickly as concentrations of treprostinil decreased. 5
FDA Approved Indication(s) and Off-label Uses5
Treprostinil inhalation solution is indicated for the treatment of PAH (WHO Group I) in patients with NYHA Class III symptoms, to increase walk distance. Inhaled treprostinil was evaluated in patients with PAH already on oral monotherapy with bosentan or sildenafil.  This drug was FDA approved on July 30, 2009. 
Current VA National Formulary Alternatives

Currently there are no PAH-specific treatments on the VA National Formulary.  
Dosage and Administration5,11
Treprostinil is dosed during waking hours in 4 separate treatment sessions approximately 4 hours apart.  The effects diminish over the recommended dosing interval, and treatment timing can be adjusted for planned activities.5 
Initial Dose:  The recommended starting dose is 3 breaths of treprostinil (18mcg) per treatment session, 4 times daily.  If not tolerated, a reduction to 1 or 2 breaths may be tried and subsequently increased to 3 breaths, as tolerated.5
Maintenance Dose:  It is recommended that the dose be increased by 3 breaths at approximately 1-2 week intervals, until the target dose of 9 breaths (54mcg) per treatment session, 4 times daily, is reached. If the patient is unable to reach the target dose due to adverse effects, treprostinil should be continued at the maximum tolerated dose. Missed or interrupted treatment sessions should be resumed as soon as possible at the usual dose. 5
Maximum Dose:  The maximum recommended dose is 9 breaths per treatment session, 4 times daily. 5 
Administration:  Treprostinil must be used only with the TYVASO Inhalation System which consists of Optineb-ir Model ON-100/7 (an ultrasonic, pulsed-delivery device) and its accessories. A back-up Optineb-ir device is provided in order for patients to avoid potential interruptions in drug delivery because of equipment malfunction. Treprostinil should not be mixed with other medications in the Optineb-ir device, as compatibility of treprostinil with other medications has not been studied. 5
The TYVASO Inhalation System should be prepared for use each day according to the instructions for use, and the preparation time is approximately 5 minutes.11  Treprostinil inhalation solution is supplied in 2.9 mL ampules (containing 1.74 mg treprostinil), which are packaged in light-resistant foil pouches.  One ampule of treprostinil contains a sufficient volume of medication for all 4 treatment sessions in a single day at the maximum dose.  The entire content of the ampule is placed into the device at the start of each day, and any remaining solution must be discarded at the end of each day.5 Each treatment session takes approximately 2 to 3 minutes to complete.11 Skin or eye contact with treprostinil solution should be avoided. The treprostinil solution should not be orally ingested. 5
While there are long-term safety and efficacy data for the use of treprostinil monotherapy via alternate routes of administration, all controlled clinical experience with inhaled treprostinil has been in combination with oral agents (bosentan or sildenafil).5
Dosing in patients with hepatic or renal insufficiency:  Treprostinil should be titrated slowly in patients with renal or hepatic impairment, as these patients will likely be exposed to greater drug concentrations and may be at increased risk of dose-dependent adverse effects.5
Efficacy
Efficacy Measures

6MWD is a readily available assessment of cardiopulmonary exercise capacity, and serves as a primary endpoint in therapeutic trials in PAH. Performance in the unencouraged 6 minute walk test has been found to be an independent predictor of survival.1  Additional efficacy endpoints evaluated in the pivotal study with inhaled treprostinil included time to clinical worsening (defined as death, transplantation, hospital stay due to worsening PAH, or initiation of additional PAH-specific therapy), NYHA functional class, Borg Dyspnea Score, signs and symptoms of PAH, and quality of life [QOL] as measured by the Minnesota Living With Heart Failure (MLWHF) questionnaire.  An ancillary assessment of plasma N-terminal pro b-type natriuretic peptide (NT-Pro-BNP) levels was performed in a sub-group of patients.12
Summary of efficacy findings12-16
The efficacy of treprostinil inhalation in the treatment of PAH has been evaluated in one phase 3, randomized controlled trial, and numerous open label trials. Long term data have been reported in abstract for patient exposures of up to two and three years. No controlled clinical outcomes studies have been identified comparing inhaled treprostinil to inhaled iloprost or treprostinil by any other route of administration (intravenous [IV] or subcutaneous [SQ]). 
In TRIUMPH 1 (TReprostinil Sodium Inhalation Used in the Management of Pulmonary Arterial Hypertension), the pivotal, phase 3, multicenter, randomized, double-blind trial, 235 patients with WHO Group 1 PAH, Class III-IV symptoms, and on background therapy with bosentan or sildenafil (stable doses for at least 3 months) were randomized to receive treprostinil inhalation (up to 54 mcg four times daily) or placebo and followed for a duration of 12 weeks.12  The study population was predominantly female (82%) with a mean age of 54 years, and the mean baseline 6MWD was 348 ± 66m.  The majority of patients had idiopathic/familial PAH (56%), class III symptoms (98%), and were on background bosentan therapy (70%). For the primary efficacy endpoint, the placebo-corrected median change at 12 weeks from baseline 6MWD with inhaled treprostinil was +20m (95% confidence interval [CI]; 8.0 - 32.8m, p=0.0004), as measured at peak (10-60 minutes after dose) and +14m (95% CI: 4 - 24.8, p=0.0066) at trough (≥ 4 hours after dose). Treatment effect was evident at 6 weeks and tended to be greater in patients who had a lower baseline 6MWD, with 59 patients in the lowest quartile (baseline 6MWD 204 - 302m) achieving a peak placebo-corrected median change from baseline 6MWD of +49m (95% CI: 23.7 - 78.2m, p=0.0003).  The percentage of patients who achieved a 6MWD improvement of at least 20m in the treprostinil group was 52%, compared with 32% in the placebo (p-value not stated).  When evaluated according to baseline background therapy, patients who were receiving sildenafil (30% of study population) did not experience significant improvement in 6MWD with treprostinil inhalation vs. placebo.12   
No significant differences from baseline were seen in the secondary efficacy endpoints of time to clinical worsening, Borg Dyspnea score, NYHA functional class or PAH signs and symptoms.  QOL changes as measured by MLWHF questionnaire favored treprostinil (global score range = 0 - 105 points; physical score range = 0 - 40 points13), with an improved global score by -4 points; p=0.027, and an improved physical score by -2 points; p=0.037.  Of the 155 patients who had NT-proBNP results available at baseline and 12 weeks, a median decrease from baseline of 57 pg/ml was observed in the treprostinil group, as compared to a median increase of 40 pg/ml in the placebo group (p<0.002).12 
Long-term effects of inhaled treprostinil (up to 72 mcg four times daily) were evaluated in an open-label extension of TRIUMPH 1 for durations of up to 24 months with 206 patients who completed the initial 12 week study.14,15  Patients who received treprostinil for a mean duration of one year appeared to maintain a benefit as measured by 6MWD and QOL changes.  Most patients did not have worsening of NYHA functional class.14 An additional open-label study of 27 patients followed over 36 months suggested that 6MWD was maintained, though the event free survival (death, additional therapy, or transplantation) was 50% at the end of the study.16
For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials 

Adverse Events (Safety Data) 5,9,10,12,15,16
Safety data for inhaled treprostinil is derived primarily from TRIUMPH-1, a pivotal 12 week, phase 3, randomized, controlled trial (n=235).5,12  Two extension studies provide additional safety data of up to 24 months’ duration (mean 1 yr duration; n=206) and 36-months’ duration (n=27).5,15,16 Additional open-label studies noted similar overall adverse events.9,10
Deaths and Other Serious Adverse Events (Sentinel Events)

One sudden death occurred in the placebo group during the TRIUMPH-1 study, which was considered unlikely to be related to study drug by the investigator.  Serious adverse events reported during the TRIUMPH-1 study in treprostinil-treated patients included worsening pulmonary hypertension, syncope, anemia, abdominal pain, diabetes, diarrhea, gastric ulcer, and right ventricular failure.12  Other serious adverse events reported during the open-label extension study in treprostinil inhalation treated patients included 8 cases of pneumonia and 3 episodes of hemoptysis, one of which was fatal.5
During the 36-month extension study, 2 of 7 reported deaths were attributed to PAH progression, and 5 were due to other causes.16
Common Adverse Events

The most frequently reported adverse events in the TRIUMPH 1study are listed in Table 2. 

Table 2
	Adverse Events Occurring in ≥ 4% of PAH Patients Receiving Inhaled TRE and More Than 3 % Greater Than Placebo 5

	Adverse Event
	Treatment

n (%)

	
	Inhaled TRE

n = 115
	Placebo

n = 120

	Cough
	62 (54)
	35 (29)

	Headache
	47 (41)
	27 (23)

	Throat irritation / Pharyngolaryngeal pain
	29 (25)
	17 (14)

	Nausea
	22 (19)
	13 (11)

	Flushing
	17 (15)
	1 (<1)

	Syncope
	7 (6)
	1(<1)


During the open-label extension of TRIUMPH 1 of up to 24 months, the most frequently reported adverse events were cough (34%), headache (22%), dyspnea (16%), and nausea (15%).15 An additional open-label extension over 36-months did not provide adverse event data (available in abstract only).16 
Open label studies also noted transient cough, headache, and sore throat.9,10
 Adverse Events Associated with Route of Administration

During the TRIUMPH 1 and extension studies, irritation to the respiratory tract due to inhalation of treprostinil was noted. Specific adverse events were cough, throat irritation, pharyngeal pain, epistaxis, hemoptysis and wheezing. 5
Because of concerns regarding the potential for inhaled treprostinil to be associated with oropharyngeal and/or pulmonary toxicity, the FDA is requiring post-marketing study to further evaluate this risk.  Concerns are based on adverse events reported in clinical trials of inhaled treprostinil, observations from animal studies, and the finding of significant irritation upon subcutaneous administration of treprostinil. 17
Tolerability

In TRIUMPH 1, more patients in the treprostinil group discontinued study drug due to adverse events compared to placebo (6% vs. 3%).12 Additionally, of the 206 patients in TRIUMPH 1 extension study, discontinuation of the drug due to adverse events was noted in 30 patients (14%).15
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 12).

Precautions/Contraindications5,14
Precautions

Patients with underlying pulmonary disease or infection

Close monitoring for loss of effect or worsening of lung disease is recommended for patients with both acute and chronic lung disease, as the safety and efficacy of inhaled treprostinil is undetermined for those patients. This includes patients with pulmonary infections, asthma, and chronic obstructive pulmonary disease. 
Risk of symptomatic hypotension

Due to the vasodilatory properties of treprostinil, patients with low systemic arterial pressure may be at increased risk of developing symptomatic hypotension.  
Patients with hepatic or renal impairment

Patients with hepatic or renal insufficiency will likely have increased systemic drug exposure, and slow titration is recommended. 
Bleeding
Treprostinil inhibits platelet aggregation and may increase risk of bleeding, particularly in patients on concurrent anticoagulant therapy.  
Pregnancy

Treprostinil inhalation is a FDA Category B medication.  There are no adequate and well controlled studies with treprostinil in pregnant women.  However, in the rat, there was no evidence of an impairment of fertility.  Animal reproduction studies of continuous infusions of treprostinil at doses higher than the human recommended exposure revealed no evidence of developmental toxicity in rats, though there was an increased incidence of fetal skeletal variations associated with maternal toxicity observed in rabbits. 

Lactation

There is currently no information available on lactation exposures.
Contraindications

There are no known contraindications.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of the Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), Table 2 provides the following drug names that may cause LASA confusion:
Table 3
	NME Drug Name
	Lexi-Comp
	USP Online
	First DataBank
	ISMP
	Clinical Judgment

	LA/SA for generic:
treprostinil
	 None
	 None
	 None
	None
	travoprost

	LA/SA for trade name:
Tyvaso™
	 None
	 None
	 None
	None
	Tysabri™

Tyzeka™

Tyzine™


Drug Interactions5,14
Pharmacokinetic/Pharmacodynamic drug interaction studies have not been conducted with inhaled treprostinil; information from studies conducted with oral and SQ treprostinil is provided below.
Antihypertensive agents or vasodilators

When treprostinil is used with other drugs that lower blood pressure (e.g., diuretics, antihypertensive agents, or vasodilators), additive hypotensive effects may occur.
Anticoagulants
Treprostinil inhibits platelet aggregation and may increase bleeding risk, particularly in patients receiving concomitant therapy with anticoagulants.  Treprostinil has not been shown to directly affect the pharmacokinetics or pharmacodynamics of warfarin.
Bosentan and sildenafil 

No pharmacokinetic interactions were noted during a study that used an oral formulation of treprostinil (treprostinil diethanolamine) and bosentan or sildenafil.
Cytochrome P450 Enzyme Interactions

Concurrent administration of an oral formulation of treprostinil and a known CYP2C8 inhibitor (gemfibrozil) resulted in increased plasma levels of treprostinil.  Conversely, concomitant use of treprostinil and a known CYP2C8 inducer (rifampin) resulted in decreased levels of treprostinil.
In vitro studies have shown that treprostinil does not inhibit the following CYP450 isoenzymes: CYP1A2, CYP2A6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and CYP3A. In vitro studies have also shown that treprostinil does not induce CYP450 isoenzymes CYP1A2, CYP2B6, CYP2C9, CYP2C19, and CYP3A.
Acquisition Costs

Table 4 Cost Comparisons of Treprostinil Inhalation Solution and Iloprost Inhalation Solution   (Prices from April 2010; see http://vaww.pbm.va.gov for current pricing)
	Drug*
	Dose
	Drug Cost/Day/pt
	Drug Cost/Year/pta

	Treprostinil (Tyvaso) Inhalation Solution 
	18-54 mcg INH  4x daily
	$287.00
	$104,755b

	Iloprost (Ventavis) Inhalation Solution
	2.5-5 mcg INH 6-9x daily 

(10 mcg/mL)
	$160.92 - $241.38
	$58,736 - $88,104c


	
	2.5-5 mcg INH 6-9x daily
(20 mcg/mL)
	$284.16 - 426.24
	$103,718 - $155,578


aAdditional specialty pharmacy costs estimated at ~$30 per day (~$10,950 annually) cover supplies and support
bFor first year, add $980 for start-up costs which cover device and back-up
cFor first year, add $3350 for start-up costs which cover device, medication chambers, and back-up
*Iloprost and treprostinil are not therapeutically equivalent. There are noted differences in dosing frequency and approved device for administration.

Pharmacoeconomic Analysis

There are no formal pharmacoeconomic analyses available for treprostinil.
Conclusions
Treprostinil inhalation solution is approved for treatment of patients with WHO Group I PAH with NYHA Class III symptoms to increase walk distance.  In a stable but symptomatic PAH study population on background therapy with either bosentan or sildenafil, inhaled treprostinil was shown to modestly improve 6MWD by a placebo-corrected median change from baseline at peak levels of +20 m after12 weeks of treatment (p=0.0004) and QOL scores, though no significant improvements other secondary endpoints such as clinical worsening, functional class, or Borg dyspnea score were observed.  The number of clinical worsening events was low (n=10), which may be attributed to the stable study population already on PAH-specific therapy at baseline and relatively short study duration.  Although not an objective of the study, it was found that the benefit in 6MWD was limited to patients receiving bosentan, and no significant benefit was observed in patients on sildenafil.  Preliminary extension studies suggest that effects on 6MWD may be maintained. 
Treprostinil is the second inhaled prostacyclin analogue approved by the FDA for WHO Group I PAH patients. Inhaled treprostinil and inhaled iloprost have not been directly compared for safety and efficacy and have not been determined to be therapeutically equivalent. Treprostinil inhalation has only been evaluated in the combination therapy setting, where treprostinil was added to regimens of patients already stable on oral monotherapy with bosentan or sildenafil.  In comparison, the pivotal phase 3, placebo-controlled trial conducted with iloprost (Aerosolized Iloprost Randomized study [AIR]) evaluated the drug essentially as monotherapy (supportive therapy permitted).18  In a WHO Group 1 PAH population (n=203) comprised of about 60% functional class III and 40% functional class IV and a lower baseline 6MWD (315-332m), iloprost was shown to improve 6MWD (+36m vs. placebo; p=0.004) and functional class (p=0.03) at 12 weeks.18  Iloprost has also been evaluated in two small studies in combination with bosentan.  While one study showed a trend of improvement in 6MWD with iloprost vs. placebo (and statistically significant improvements in clinical worsening and functional class), the other study was stopped early due to low likelihood of detecting improvement.19,20  Additional differences between iloprost and treprostinil are noted in dosing frequency and approved device for administration.  With a longer half-life, treprostinil is administered 4 times daily, as compared with 6 to 9 daily treatments with iloprost.  
Treprostinil sodium injection is approved for continuous subcutaneous or intravenous administration in the treatment of PAH with NYHA Class II-IV symptoms to diminish symptoms associated with exercise.  No controlled clinical outcomes studies are available for the conversion of treprostinil sodium injection to inhaled treprostinil.  Based on pharmacokinetic information, the systemic exposure of treprostinil inhalation at the highest recommended dose is significantly lower than lower doses of treprostinil continuous IV/SQ infusions.  While associated with a number of drawbacks (e.g., complex administration and preparation, risk of bloodstream infection, etc.), continuous injectable infusions of prostacyclins (particularly epoprostenol) have been shown to significantly improve clinical outcomes beyond 6MWD including time to clinical worsening, functional class, and potentially survival.    
Many of the adverse effects observed with treprostinil inhalation are common to the prostacyclin class of drugs (e.g., headache, nausea, flushing, jaw pain); however, additional adverse events reported specific to the respiratory tract suggestive of direct irritation (e.g., cough, throat irritation, pharyngeal pain, epistaxis, hemoptysis, wheezing) are of concern and require further study.  FDA is requiring additional evaluation of the potential association between treprostinil inhalation and oropharyngeal and/or pulmonary toxicity, given the adverse events reported in clinical trials, observations of toxicity in animal studies, and the significant local irritation that occurs with treprostinil administered by subcutaneous infusion.  
The use of combination therapy in the management of PAH is an area of interest and ongoing study, though additional information is needed to better clarify the role of this strategy from the perspective of efficacy and safety.  
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (1966 to March 2010) using the search terms treprostinil and TyvasoTM. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. Randomized controlled trials published in peer-reviewed journals conducted in patients with disease and evaluating clinical outcomes were included.
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	Study Goals
	To determine the effects of chronically administered inhaled treprostinil (TRE) on exercise capacity and safety in patients with PAH.

	Methods
	TRIUMPH 1 was conducted in the United States (n=142) and other countries (n=93).5 Study was sponsored and funded by United Therapeutics Corp.12
Study Design
The TRIUMPH 1 is a randomized, double-blind trial comparing inhaled treprostinil (TRE) to placebo (PBO) over 12 weeks in patients with NYHA functional class III-IV after at least 3 months of stable therapy with bosentan or sildenafil.  The primary endpoint was change in 6MWD from baseline to Week 12 at peak levels.  Secondary endpoints included time to clinical worsening (defined as death, transplantation, hospital stay due to worsening PAH, or initiation of additional PAH-specific therapy), changes in NYHA functional class, Borg Dyspnea Score, 12 week change in 6MWD at trough levels, 6 week change in 6MWD at peak levels, signs and symptoms of PAH, and QOL as measured by MLWFH questionnaire.
Data Analysis

All analyses were done on intention-to-treat (ITT) population.  Primary analysis using nonparametric analysis of covariance testing differences between TRE and placebo in peak 6MWD change from baseline adjusting for baseline 6MWD and disease etiology. Treatment effect was estimated using the Hodges-Lehmann median differences between treatment groups. 

	Criteria
	Inclusion criteria

Male and female subjects were included in the study if they were between 18 and 75 years of age, had idiopathic, NYHA class III and IV PAH, stable on bosentan (125 mg BID) or sildenafil (any fixed dose ≥ 20 mg TID) for 3 months prior to enrollment, baseline 6MWD of 200-450m.
Exclusion criteria

Patients receiving concomitant therapy with a prostacyclin.

	Results
	A total of 235 confirmed PAH patients were included in the study, (TRE n=115, PBO n=120). Baseline characteristics were similar across treatment arms.  
Baseline characteristics
Mean age, gender, PAH diagnosis, and 6MWD:
· 54 years (18-75); male 18%; idiopathic PAH (56%), or PAH secondary to collagen vascular disease (33%) or secondary to HIV or previous use of anorexigens (12%); NYHA class III (98%) and NYHA class IV (2%); Baseline 6MWD 348±66 m.
Baseline PAH-specific therapy
· Subjects receiving bosentan = 165 (70%) 

· Subjects receiving sildenafil = 70 (30%) 
Primary Endpoint:   
12-wk placebo-corrected median change from baseline in 6MWD (peak*):  +20 meters (95% CI: 8.0-32.8m, p=0.0004) 
Other 12-wk placebo-corrected median change from baseline in 6MWD results:
· Trough**:  +14m (95% CI: 4-24.8m; p=0.0066)
· Lowest quartile 6MWD at baseline (204-302m; n=59) (peak*):  +49m (95% CI: 23.7-78.2m); p=0.0003)
· Bosentan-treated patients (n=165):  +25m (p=0.0002)
· Sildenafil-treated patients (n=70):  +9m (NS)
* peak exposure = 10-60 min after dosing

** trough exposure = at least 4 hrs after dosing 

Secondary Endpoints:
· Clinical worsening similar between groups

· n=4 TRE (4 PAH hospital stay)

· n=6 PBO (1 death; 5 PAH hospital stay)
· NYHA class and Borg Dyspnea Score were not significantly changed.
· MLWHF median changes from baseline (12 wks)
· Global score improved by -4 points; p=0.027 (global score range = 0-105 points11) 

· Physical score improved by -2 points; p=0.037 (physical score range = 0-40 points11)
Safety and Tolerability:

Common adverse events
Cough, headache, throat irritation/ pharyngolaryngeal pain, nausea, flushing, syncope 
Serious adverse events reported with TRE (n=11)

Worsening of PAH, syncope, anemia, abdominal pain, diabetes, diarrhea, gastric ulcer, right ventricular failure
Dose tolerated
72% TRE patients reached target dose of 9 breaths (54 mcg) 4 times daily
Patient discontinuations (n=23 total; n=13 TRE vs. n=10 PBO)
· Death: 1 (0 TRE/1 PBO)
· Disease progressions: 3 (3 TRE/0 PBO)
· Adverse events: 11 (7 TRE/4 PBO)
· Withdrawal of consent: 8 (3 TRE/5 PBO)

	 Conclusions                   
	In patients with stable but symptomatic PAH, the addition of treprostinil to background therapy of bosentan or sildenafil was associated with a modest improvement in 6MWD after 12 weeks of therapy, although no improvement in functional class or clinical worsening was observed.  The treatment effect was greatest in patients with a lower baseline 6MWD.  Although sildenafil-treated patients comprised only 30% of the study population, no significant improvements in 6MWD were observed with the addition of treprostinil in these patients.  Adverse events were associated primarily with route of administration, and more patients discontinued study drug due to adverse events in the treprostinil group vs. placebo.
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