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T wo decades have passed since the approval 
of the first prostacyclin for the treatment 
of pulmonary arterial hypertension (PAH).1 
However, managed care decision makers 

have little experience with these treatments, in part due 
to the rarity of PAH. The disease has a prevalence of 15 
to 50 cases per million individuals worldwide, with an 
incidence and prevalence in the United States estimated 
at 2.3 and 12.4 cases per million individuals, respective-
ly.2-4 Prostacyclins have typically been covered under the 
insurance medical benefit because they require durable 
medical equipment and are administered by an intrave-
nous, subcutaneous, or inhalation route. As a result, this 
class of medications may be less familiar to managed care 
decision makers.5

Consequently, knowledge of prostacyclin and pros-
tacyclin analog indications, dosing, and administration 
logistics among decision makers in managed care remains 
limited. The complexity and expense of drug delivery 
must be appreciated. In addition, the number and type 
of prostacyclin options continue to expand. An oral for-
mulation was approved in 2013,6 and a selective IP pros-
tacyclin receptor agonist was recently approved by the 
FDA.7 The expanded choices targeting the prostacyclin 
pathway add to the challenge for managed care decision 
makers. To evaluate new treatment options and arrive at 
clinically sound and cost-effective treatment decisions, an 
improved understanding of these drugs is needed and will 
be the focus of this review.

PAH is a subset of a group of diseases known as 
pulmonary hypertension (PH). PH is classified into 5 
categories (Table8).8 World Health Organization (WHO) 
group 1 PAH comprises several etiologies. Notably, in the 
Registry to Evaluate Early And Long-term PAH Disease 
Management (REVEAL) study, results showed that the 
cause of group 1 PAH was idiopathic in approximately 
half (46.2%) of nearly 3000 enrolled patients.9
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Abstract

Prostacyclins for the treatment of pulmonary arte-
rial hypertension (PAH) have historically been cov-
ered under the insurance medical benefit because 
they require durable medical equipment and are 
administered by an intravenous, subcutaneous, or 
inhalation route. However, more treatment options 
that target the prostacyclin pathway have become 
available. As the number and type of options 
expand, an improved understanding of these drugs 
will aid managed care decision makers in evaluat-
ing new treatment options and making clinically 
sound and cost-effective treatment decisions. PAH 
is a progressive disease of pulmonary vascular 
remodeling that increases pulmonary vascular resis-
tance and often results in right-side heart failure 
and death if left untreated. Adverse event profiles, 
the complexity of administration modalities, and 
potential complications must be considered when 
administering prostacyclin therapy. Traditional 
modes of administration, with their potential chal-
lenges and complications, may have contributed to 
the unmet need for an oral agent. Another consider-
ation for managed care decision makers is that oral 
agents are generally covered under the insurance 
pharmacy benefit. Access to oral medications with 
long-term outcomes data, as well as the improved 
convenience of oral therapy, may help patients with 
PAH maximize function by maintaining a more con-
venient and consistent therapeutic regimen.
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PAH is a progressive disease of pulmonary vascular 
remodeling that increases pulmonary vascular resistance 
and often results in right-side heart failure and death.10 
Patients present with symptoms such as dyspnea, chest 
pain, fatigue, or syncope.11 The symptom complex results 
in deterioration of exercise capacity and functional status, 
both of which are graded by a modified New York Heart 
Association or WHO functional class (FC) ranging from 
I (minimal or no symptoms) to IV (symptoms at rest or 
syncope). The nonspecific nature of the symptoms and 
the complexity of the diagnosis often lead to diagnostic 
delay. On average, 2.8 years elapse between the onset of 
symptoms and a confirmed diagnosis of PAH.9

Echocardiography is generally used to screen for 
PH, but a right-side heart catheterization is necessary 
for a definitive diagnosis.12 Hemodynamically, PAH is 
defined as a mean pulmonary artery pressure ≥25 mm 
Hg, a pulmonary artery wedge pressure ≤15 mm Hg, and 
a peripheral vascular resistance >3 Wood units.13

The Causes of PAH

The causes of PAH are not fully characterized, leading 
scientists to believe they are multifactorial.3,14 An imbal-
ance of vasoactive mediators is pivotal. There is impaired 
production of the endogenous vasodilators prostacyclin 
and nitric oxide and enhanced production of the vasocon-
strictive mediators thromboxane A2 and endothelin.3,15 In 
addition, endothelial cell dysfunction plays a key role in 
PAH pathogenesis. Tissue remodeling, proinflammatory 
signaling, and several other relevant pathways in PAH 
pathogenesis may contribute to defects of endothelial cell 

function.16 Within the endothelial cell, approved PAH-
specific therapies target 3 discrete pharmacologic path-
ways: the endothelin pathway, the nitric oxide pathway, 
and the prostacyclin pathway (Figure 117,18).15

Targeted Therapy for PAH

The currently available agents approved by the FDA 
encompass 3 classes: prostanoids (which will be discussed 
in more detail), endothelin-receptor antagonists (ERAs), 
and those that affect nitric oxide (ie, phosphodiester-
ase-5 [PDE5] inhibitors and a soluble guanylate cyclase 
[sGC] stimulator). The ERAs include the oral treatments 
ambrisentan, bosentan, and macitentan. Sildenafil (oral 
and for short-term intravenous use during hospitaliza-
tion) and tadalafil (oral) are PDE5 inhibitors approved 
for use in PAH. Finally, the oral sGC stimulator riociguat 
enhances endogenous nitric oxide signaling, independent 
of baseline endogenous nitric oxide levels.15,17,19-24

The 2013 WHO treatment algorithm developed at the 
World Symposium on Pulmonary Hypertension (WSPH) 
held in Nice, France, relies on WHO FC for specific drug 
choice (Figure 215). In general, for patients with more 
limited symptoms (ie, WHO FC II), oral therapies are 
recommended, while intravenous prostanoids are recom-
mended for those with more severe disease (WHO FC 
IV). For WHO FC III, all approved medical therapies 
may be considered. Without head-to-head drug compari-
sons, any drug with evidence for efficacy is listed as an 
option, with the specific selection left to the clinician.

Prostanoid therapy is supported by evidence-based 
guidelines for both WHO FC III and IV patients and is 

n  Table. Classification of Pulmonary Hypertension8

Group Specific Condition Name(s) Associated Conditions

1 PAH
Idiopathic, heritable, drug/toxin-induced, associated with another 
condition (eg, connective tissue disease)

1’
Pulmonary veno-occlusive disease  
and/or pulmonary capillary hemangiomatosis N/A

1” Persistent pulmonary hypertension of the newborn

2 PH due to left-side heart disease Systolic dysfunction, diastolic dysfunction, valvular disease

3 PH due to lung disease and/or hypoxia Several diseases may precipitate group 3 PH, including COPD and ILD

4 CTEPH May be precipitated by pulmonary embolism

5 PH with unclear/multifactorial mechanisms
Several diseases may precipitate group 5 PH, including hematologic/
systemic/metabolic disorders

COPD indicates chronic obstructive pulmonary disease; CTEPH, chronic thromboembolic pulmonary hypertension; ILD, interstitial lung disease; PAH, 
pulmonary arterial hypertension; PH, pulmonary hypertension; ‘, prime; “, double prime.
Adapted from Simonneau et al. J Am Coll Cardiol. 2013;62(suppl 25):D34-D41.
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the cornerstone for FC IV.15 Prostanoids have histori-
cally been added as sequential therapy in combination 
with oral medication in patients with poor response 
or severe PAH. This approach has largely been based 
on the complexity of administration of prostanoids. 
However, the availability of oral prostanoid prepara-
tions introduces the possibility that these agents may 
be added earlier in the treatment course as evidence 
mounts that combination therapy significantly reduces 
PAH morbidity.25-27

Combination Therapy
The 2013 WHO algorithm recommends prostanoids in 

combination with a separate drug class for patients with 
inadequate initial response to monotherapy with a grade 
I, evidence level A/B recommendation.15 However, for 
more than a decade, real-world treatment has included 
initial combination as a therapeutic strategy in PAH.3,26 
In addition, nearly half (43%) of all trials evaluating 
PAH-specific therapies include at least one subgroup 
of patients receiving combination therapy. Common 

n  Figure 1. Target Pathways and Current Therapies in Pulmonary Arterial Hypertension17,18

cAMP indicates cyclic adenosine monophosphate; cGMP, cyclic guanosine monophosphate; sGC, soluble guanine cyclase. 
Schematic diagram of 3 biologic pathways involved in the pathogenesis of pulmonary arterial hypertension. 
Adapted from Humbert et al. N Engl J Med. 2004;351(14):1425-1436.
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n  Figure 2. Treatment Algorithm in Pulmonary Arterial Hypertension15

APAH indicates associated pulmonary arterial hypertension; BAS, balloon atrial septostomy; CCB, calcium channel blockers; ERA, endothelin receptor 
antagonist; IPAH, idiopathic pulmonary arterial hypertension; IV, intravenous; PAH, pulmonary arterial hypertension; PDE-5i, phosphodiesterase type-5 
inhibitor; SC, subcutaneous; sGCS, soluble guanylate cyclase stimulator; WHO-FC, World Health Organization functional class.
aLevel of evidence is based on the WHO-FC of the majority of the patients of the studies. 
bApproved only by the FDA (macitentan, riociguat, treprostinil inhaled); in New Zealand (iloprost IV); in Japan and South Korea (beraprost). 
cPositive opinion for approval of the Committee for Medicinal Products for Human Use of the European Medicines Agency.  
From WHO 2013 World Symposium on Pulmonary Hypertension proceedings held in Nice, France. 
Reprinted from Galiè N, Corris PA, Frost A, et al. Updated treatment algorithm of pulmonary arterial hypertension. J Am Coll Cardiol. 2013;62(suppl 
25):D60-D72, with permission from Elsevier. 
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combination treatments include ERA/PDE5 inhibitor 
therapy, ERA/prostanoid therapy, and prostanoid/
PDE5 inhibitor therapy.15

Until recently, level A evidence for upfront combina-
tion therapy was lacking25-27; therefore, the recommenda-
tion was limited to sequential therapy for those patients 
not responding to initial therapy. Results from the recent-
ly published Ambrisentan and Tadalafil in Patients with 
Pulmonary Arterial Hypertension (AMBITION) study 
demonstrated the efficacy of initial ERA/PDE5 inhibi-
tor combination therapy over monotherapy with either 
drug alone in reducing a composite morbidity/mortality 
outcome in PAH patients with WHO FC III or IV symp-
toms (HR, 0.50; 95% CI, 0.35-0.72). This composite end 
point included death, hospitalization due to worsening 
of PAH, disease progression, or suboptimal long-term 
clinical response to therapy.27 The AMBITION results 
led to a new FDA-approved indication for combination 
therapy with these 2 agents.23

The recently published European Society of 
Cardiology/European Respiratory Society (ESC/ERS) 
guidelines recommend 6 treatment regimens in initial 
combination therapy for PAH (eg, ambrisentan plus 
tadalafil for FC II and III disease, and bosentan plus intra-
venous epoprostenol for FC IV disease). Additionally, 
more than 10 options for sequential combination ther-
apy in patients with WHO FC II, III, or IV disease were 
listed (eg, macitentan added to sildenafil, riociguat added 
to bosentan, or selexipag added to ERA ± PDE5 inhibitor 
therapy for FC II and III disease). These recently updated 
European treatment algorithms may reflect future revi-
sions to other PAH-specific management algorithms.28

Prostacyclin Historical Perspective
PAH was first described as a clinical entity in 1891, but 

it was not until 1995 that the first disease-specific therapy 
for PAH became available.29,30 The more than 100-year 
lag between identification and availability of the first 
disease-specific treatment for PAH may have been due 
to limited availability of diagnostic technology such as 
right-side heart catheterization, disease rarity, and lack 
of research. The need for clinical and scientific advance-
ment was emphasized in the late 1960s by an epidemic 
of PAH produced by a dietary suppressant (aminorex) 
prescribed for weight loss.30 PAH developed in 0.2% of 
patients receiving aminorex.29,31

The increase in the number of newly diagnosed 
patients with PAH led to growing research interest in the 
disease. The need to accelerate the clinical and research 

knowledge of PAH resulted in the first WSPH in 1973, 
held by the WHO in Geneva, Switzerland.29 At that 1973 
inaugural event, experts in PAH gathered to discuss and 
update current knowledge and identify those areas requir-
ing future research. Subsequent World Symposia have 
occurred in 1998 (Evian, France), 2003 (Venice, Italy), 
2008 (Dana Point, California), and 2013 (Nice, France).15

A pivotal point in the development of treatments for 
the disease was approval of the first PAH-specific therapy, 
intravenous epoprostenol. Although epoprostenol was 
first used for treatment of PAH in 1984, it was not avail-
able commercially until 1995.1,30,32 In 1984, Higenbottam 
and colleagues used intravenous epoprostenol in a young 
woman with severe WHO FC IV idiopathic PAH who 
had been bedridden for more than a year. Epoprostenol 
was originally intended as a bridge therapy while the 
patient awaited a lung transplant. However, the treatment 
resulted in clinical improvement beyond expectations. 
That experience was an important beginning in support 
of clinical trial development for epoprostenol.30,32

After the 1995 approval of epoprostenol for PAH, 
other prostanoids were introduced, including treprostinil 
for continuous subcutaneous infusion in 200233 and for 
continuous intravenous infusion in 2004.34 Also in 2004, 
iloprost became the first prostacyclin analog approved for 
inhalation.35 A second agent delivered by this route, the 
inhaled form of treprostinil,36 was approved in 2009.37 The 
oral form of treprostinil was approved in 201338 and, as of 
December 2015, the FDA approved a novel agent—the 
selective oral IP prostacyclin receptor agonist selexipag.7

Prostacyclin Mechanism of Action

Prostacyclin, also called prostaglandin I2 (or PGI2), 
is an endogenous lipid molecule produced by endothe-
lial cells. It is one of 5 principle bioactive prostanoids 
that act through 8 classical prostaglandin receptors.39-42 
Stimulation of receptors IP, DP1, EP2, and EP4 promote 
relaxation of vascular smooth muscle.39,43,44 For instance, 
prostacyclin interacts preferentially with the IP receptor, 
resulting in G protein activation, generation of the sec-
ondary messenger cyclic adenosine monophosphate, and 
specific target tissue effects.39,41,45-47 Activation of these 
receptors leads to vasodilation, decreased cell prolifera-
tion, and inhibition of platelet aggregation.43,48

Several other receptors inhibit vasodilation or direct-
ly exert vasoconstrictive effects when stimulated. EP3 
is an inhibitory receptor; activation of this receptor 
leads predominantly to inhibition of smooth muscle 
relaxation, cell proliferation, and platelet aggregation. 



S8	   n  www.ajmc.com  n	 JANUARY 2016

Report

In contrast, EP1, FP, and TP stimulate smooth muscle 
cell contraction, directly resulting in vasoconstriction, 
cell proliferation, and platelet aggregation.39 Endogenous 
prostanoids preferentially stimulate their specific recep-
tors; however, prostanoids display substantial cross-
reactivity across receptor subtypes.40

Within the lung, IP stimulation is especially important 
in promoting vasodilation, while EP3 and TP are the pri-
mary pulmonary receptors involved in vasoconstriction 
(Figure 339,41,43,48).39,41,43,48 Receptor-specific compounds that 
mimic the desirable effects of endogenous prostacyclin on 
the cardiovascular system while minimizing the potential 
negative effects of cross-reactivity with vasoconstrictive 
receptors are preferable.39,46,48

Formulation-Specific Characteristics

The pathobiology of PAH is complex, but it includes 
the key feature of prostacyclin deficiency. Replacing 
vasodilatory prostacyclin exogenously is a key treatment 

modality in patients with PAH. Specific features of avail-
able prostacyclin replacement therapy have clinically 
important implications.3

Prostacyclin Therapy—Parenteral and Inhaled
Epoprostenol is the synthetic form of the naturally 

occurring prostaglandin derivative and is chemically iden-
tical to endogenous prostacyclin.30 Traditionally, epopro-
stenol as first-line therapy has been reserved for patients 
with severe PAH (ie, patients with WHO FC III or IV dis-
ease).4,15 Additionally, some data indicate the possible ben-
efit of epoprostenol in the long-term prognosis of patients 
with disease regression and clinical improvement from FC 
III or IV to FC I or II after receiving prostacyclin therapy. 
This suggests that prostacyclin use in earlier stages of PAH 
may improve outcomes in some patients.49-51

Due to the extremely short half-life of epoprostenol 
(estimated at <6 minutes),1,52 treatment must be admin-
istered continuously through an ambulatory infusion 

n  Figure 3. Variable Effects of Prostanoids on Specific Receptor Subtypes39,41,43,48
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pump connected to a permanent central venous access 
line. Emergency medical attention is required in cases of 
pump failure or loss of central venous access due to rapid 
drug elimination and possible life-threatening rebound 
worsening of the PAH.4,15,30

Epoprostenol is rapidly hydrolyzed and rendered inac-
tive when administered orally and is unstable at physi-
ologic pH. To ensure stability of the infusion formulation, 
the earliest approved form of epoprostenol (trade name: 
Flolan) is supplied as a freeze-dried lyophilized powder.1 
During preparation, this powder must be reconstituted 
and further diluted with an available proprietary diluent 
containing a glycine buffer, resulting in a final product 
for infusion that has a pH of 10.2 to 10.8.1,30 The prepared 
solution may be stored for up to 40 hours under refrigera-
tion and subsequently infused for up to 8 hours at room 
temperature. Cooling packs are required for administration 
beyond this 8-hour limit.1 Home infusion of epoprostenol 
is administered with a CADD infusion pump; however, 
due to pump limitations, it is recommended that the drug 
solution be prepared and administered for 24 hours.1,50,53,54

In April 2010, a formulation of epoprostenol with 
improved thermal stability became available in the United 
States (trade name: Veletri). Veletri is stable without cool-
ing packs for 48 to 72 hours, depending on concentration. 
At all concentrations, as outlined in the PI, Veletri, with 
a pH of 11 to 13, can be prepared and refrigerated for up 
to 8 days before use, allowing for less frequent product 
preparation and increased convenience for the patient.15,52 
Unlike Flolan, the buffer and osmotic agents that confer 
room-temperature stability characteristics of Veletri are 
contained within the drug vial.55 Veletri can therefore be 
prepared with readily available sterile water for injection 
or normal saline, which provides cost advantages.1,52

Treprostinil (trade name: Remodulin) is a parenter-
ally administered prostacyclin analog that has been 
chemically modified. Treprostinil is stable at room tem-
perature, has an extended terminal elimination half-life 
of approximately 4 hours (following subcutaneous infu-
sion). Subcutaneous formulations can be administered 
for up to 72 hours at temperatures up to 37ºC (99ºF). 
Intravenous infusion may be used if subcutaneous infu-
sion is not tolerated and can be administered for up to 
48 hours at temperatures as high as 40ºC (104ºF).15,30,33

Two inhaled formulations of prostacyclin are available 
in the United States. With inhaled iloprost (available since 
2005 under the trade name Ventavis), treatment requires 
6 to 9 administrations no more than every 2 hours during 
the day through the I-neb adaptive aerosol delivery sys-

tem.56 The other inhaled prostacyclin, treprostinil (avail-
able since 2009 under the trade name Tyvaso), requires 4 
separate sessions spaced equally throughout the day, with 
inhalation through the TD-100 ultrasonic pulmonary 
delivery device. Each session may include as many as 9 
inhalations, with dosage titration based on tolerability.36

Prostacyclin Therapy: Challenges and Complications

The adverse event profiles, the complexity of admin-
istration modalities, and potential complications of these 
therapies must be considered when administering prosta-
cyclin therapy.

Side Effects of Prostacyclins
The most common side effects of parenteral prostacyclin 

therapies include dizziness, jaw pain, headache, musculoskel-
etal pain, nausea/vomiting, flu-like symptoms, and anxiety. 
Some adverse events, such as flushing, hypotension, chest 
pain, and tachycardia, may occur more frequently during 
initiation of treatment or after dosage adjustments.1,33,52 
Healthcare providers must manage these adverse events to 
reduce the risk of treatment discontinuation.30,57

Complications Associated With Modes of Administration
Initiation of intravenous prostacyclin therapy may 

incur the additional cost of a hospital admission for 
placement of a central line, infusion initiation, and close 
monitoring during initial dosage titration.1,30,33,52 Patients 
and caregivers require extensive education and practice to 
properly prepare and store medication while maintaining 
a 24-hour continuous infusion. With practice, prepara-
tion, which includes assemblage of necessary syringes and 
infusion pump cassettes; accurate reconstitution with the 
appropriate volume of solution; and assurance of proper 
storage, all while maintaining proper sterile technique, 
may be reduced to approximately 20 minutes per day.30

However, maintenance of proper administration 
technique with intravenous prostacyclins assumes that 
patients and caregivers:

•	 Have access to a reliable refrigerator or other con-
trolled storage4

•	 Are capable of learning to mix and administer 
medication and do not have deficits of manual 
dexterity (manual dexterity issues often exist in 
patients with connective tissue disease and in 
elderly patients)58

•	 Are able to maintain central line hygiene to pre-
vent local and systemic infections30
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With any form of central venous access, a potential 
for bloodstream infection (BSI) exists with intravenous 
prostacyclin therapy.1,33,52 With epoprostenol, BSIs due 
to sepsis have been estimated to occur at a rate of 0.3 
events per patient per year.1,52 Likewise, with intravenous 
treprostinil, the risk of BSIs has been estimated to average 
1 event per 3 to 5 years of use.33

To minimize the risk of infection, healthcare profes-
sionals must educate patients and caregivers on the prop-
er aseptic technique during preparation.1,33,52 Patients 
and caregivers must also be prepared for failures of the 
central line or infusion pump, or inadequate medication 
supplies because even transient interruption of continu-
ously infused prostacyclin therapies may lead to compli-
cations requiring urgent medical attention.30

Although continuous subcutaneous infusion of trepro-
stinil may be preferable in some clinical situations because 
central venous access is not required,33 infusion-site pain 
can be an important treatment-limiting side effect. Up 
to 85% of patients receiving subcutaneous infusion of 
treprostinil may experience serious infusion-site pain,17 
leading to treatment discontinuation in up to 23% of these 
patients.58 In pivotal trials of subcutaneous treprostinil, 
nearly 32% of patients received prescriptions for nar-
cotic pain relievers and 39% of patients experienced severe 
infusion-site pain, resulting in treatment discontinuation 
for 7% of all trial participants.33 Because of these effects, 
treatment with subcutaneous treprostinil is generally not 
recommended for patients with a low pain threshold.58

Prostacyclins delivered via inhalation offer their own 
challenges and complications, including multiple treat-
ments per day, as well as cough, which was the most 
commonly reported side effect noted in inhaled prosta-
cyclin clinical trials. Persistent cough occurred in 54% of 
patients receiving active treatment with inhaled treprosti-
nil and in 39% of patients receiving inhaled iloprost.36,56

Potential for Administration Errors
Further complicating prostacyclin-based treatment, 

administration errors have been documented in associa-
tion with use of these therapies, as evidenced by a study 
of 18 large PAH treatment centers in the United States 
conducted by Kingman and colleagues in 2010. Common 
causes of errors included accidental insertion of the wrong 
medication cassette at the time of administration (in 2 
cases, epoprostenol was switched with treprostinil, result-
ing in a dosing error due to an infusion rate incompatible 
with the medication administered) and failure to start 
infusion pumps after replacing the cassette. Other errors 

included improper programming of the pump and errors 
in dosage calculations that could lead to possible admin-
istration of a prostacyclin bolus, resulting in hypotension 
and cardiopulmonary arrest requiring resuscitation.57

Titration

Optimal dosing for patients receiving intravenous 
prostanoids, such as epoprostenol, remains highly vari-
able among patients and among referral centers. Patients 
receiving too low a dose of prostacyclin therapy may 
experience suboptimal treatment effects, whereas patients 
receiving high-dose prostacyclins may experience intoler-
able side effects and/or deterioration due to high-output 
heart failure. Historically, prostacyclin doses were adjust-
ed rapidly, resulting in side effects that led many patients 
to permanently abandon therapy.30 In these early studies, 
doses were adjusted primarily based on changes in hemo-
dynamic parameters and side effects, such as nausea, 
vomiting, severe headache, or anxiety.53

Today, prostacyclin dosages are titrated carefully over 
several weeks to months or more to find doses that yield 
the maximum benefit, balancing tolerability with PAH 
symptom improvement.30 However, even when patients 
have been using prostacyclin infusions for a long period 
of time, retitration may be required. In some cases, a 
higher dose of medication may be necessary to attain the 
same effects previously achieved. This development of tol-
erance is known as tachyphylaxis. Although some inves-
tigators have interpreted this effect as a product of disease 
progression, pharmacologists have identified that reduc-
tions in IP receptor abundance and IP receptor sensitivity 
to prostacyclins with chronic therapy may be responsible 
for this effect. The substantial inter-individual variability 
in IP receptor expression may also be a factor in the highly 
individualized nature of prostacyclin dosing.30,43

Role of Specialty Pharmacies

Because prostacyclin dose adjustment is a long-term 
process, specialty pharmacies are uniquely positioned 
to monitor the therapeutic regimen and offer evidence-
based solutions to adjust therapy through collaboration 
with the healthcare team. On initiation of prostacyclin 
therapy, it is imperative that a clear treatment plan be 
communicated to all members of the healthcare team 
and that goals of the initial titration are fully understood.

Titration Management
The specialty pharmacy plays an important role in 

the initial titration of the prostacyclin agents. Ideal orders 
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include precise intervals at which to make specific changes 
to the prostacyclin dose, a clear target dose, and enumera-
tion of specific situations that would warrant prescriber 
engagement. Because the initial titration period often 
requires the patient to alter volumes of each ingredient in 
the mixing process, it is imperative that patients are pro-
vided with clear on-demand oral or written instructions by 
the dispensing pharmacist. Patients should be extensively 
counseled on expectations of therapy, should voice under-
standing of the mixing process, and must be empowered to 
report early any barrier to successful therapy.

Once a patient has achieved an initial maintenance 
dose, typically one with an optimal balance of mini-
mal adverse events and improvement of symptoms of 
PAH, ongoing assessment by the specialty pharmacy 
helps patients maintain long-term prostacyclin treat-
ment. This continual specialty pharmacy assessment 
process includes confirming prostacyclin dosing on every 
refill and inquiring about the presence of barriers to 
continuous successful therapy. Returning symptoms of 
PAH, adverse events associated with therapy, difficul-
ties with admixture or medical equipment required to 
administer the product, and any early signs or symptoms 
of an infected central line are all examples of barriers to 
successful treatment that may be identified through the 
specialty pharmacy assessment.

The specialty pharmacy can also provide proactive 
clinical telephonic assessments by trained PAH nurses 
or pharmacists and continuous 24/7/365 access to a 
registered nurse or pharmacist, which enables patients to 
receive support in troubleshooting acute issues, facilita-
tion of replacement delivery of supplies, and answers to 
questions regarding prostacyclin therapies. Because even 
temporary dose interruption of a continuously adminis-
tered parenteral prostanoid can necessitate hospitaliza-
tion, the availability of nurses and pharmacists may 
prevent emergency department visits and hospitalizations.

Through communication with the clinical prescriber, 
specialty pharmacy personnel enable prescribers to make 
more informed decisions regarding a long-term plan of 
care. Specialty pharmacy management of PAH therapies 
has been shown to improve adherence in patients with 
PAH, thereby improving disease state outcomes.59

Addressing the Need for an Oral Agent

Underutilization
Although prostanoids are well regarded as the gold 

standard of treatment for patients with severe forms of 
PAH,30 prostanoid therapy is grossly underutilized, even 

in later stages of the disease. In the REVEAL registry, a 
substantial percentage of patients were not being treated 
with the recommended options of intravenous prosta-
cyclin and/or combination therapy at time of death or 
after being assessed as worsening to FC IV. Only 43% 
of patients were receiving parenteral prostacyclin at the 
time of PAH-related death, and 8% of patients did not 
receive any PAH-specific therapy. Farber and colleagues 
postulated that some explanations for this underutiliza-
tion include patients’ or clinicians’ unwillingness or 
inability to apply complex therapy or lack of belief in it 
as more efficacious than other drugs, as well as lack of 
acceptance, lack of referral to experienced PAH centers, 
and physician bias.60

Oral Treprostinil
Traditional modes of administration, with their 

potential challenges and complications, may have con-
tributed to an important unmet need: prostacyclin in an 
oral formulation. The first oral prostacyclin, sustained-
release oral treprostinil (Orenitram), was approved for 
use in 2013. It is limited, however, by poor bioavailability 
(17%) and efficacy data based on a modest improvement 
in exercise capacity (6-minute walk distance [6MWD]).6 
Oral treprostinil was approved based on the results of 
1 trial in which the drug was used as monotherapy.61 It 
failed to show a benefit on the primary end point of exer-
cise capacity improvement when used in combination 
with ERAs or PDE5 inhibitors in 2 combination trials 
(FREEDOM-C and FREEDOM-C2).62,63 Oral treprostinil 
must be taken with food 2 to 3 times daily, with dosing 
based on clinical response.6

In pharmacokinetic studies, researchers identified sub-
stantially more peak-trough fluctuation with the twice-
daily regimen versus the 3-times-daily regimen of oral 
treprostinil. With an oral treprostinil regimen adminis-
tered 3 times daily, peak levels of treprostinil were 2.5 
times higher than trough levels, whereas with twice-daily 
dosing, peak levels of treprostinil were 7 times higher than 
trough levels.6,64 Clinical trials to date (FREEDOM-M, 
FREEDOM-C, and FREEDOM-C2) have not demon-
strated a long-term benefit of oral treprostinil. The poten-
tially long titration period and high rate of adverse events 
may deter some physicians and patients.65

Selexipag
Selexipag, an orally bioavailable selective IP prostacy-

clin receptor agonist, was recently approved by the FDA. 
The structure of selexipag lacks the characteristic cyclo-
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pentane ring of prostacyclin and its analogs.1,33,36,66 Unlike 
existing prostacyclin therapies, selexipag and its active 
metabolite are very selective agonists of the prostacyclin 
receptor, also called the IP receptor, with very low bind-
ing affinity for other prostanoid receptors. In addition to 
these pharmacologic differences from existing prostacy-
clins, it is important to note that selexipag demonstrated 
no tendency for tachyphylaxis than traditional infused 
prostanoids in animal models.66-68

Selexipag was studied in the largest (1156 patients) 
long-term, event-driven, phase 3 randomized controlled 
trial conducted to date in patients with PAH. Results, first 
reported at the American College of Cardiology meeting 
in March 2015, showed a long-term benefit of selexipag 
therapy on the combined end point of morbidity and 
mortality. Eighty percent of all enrolled patients were on a 
baseline PAH-specific medication (ERA, PDE5 inhibitor, 
or ERA and PDE5 inhibitor).69 Patients received treatment 
with oral selexipag titrated over 12 weeks to an individu-
alized highest tolerated dose (up to 1600 mcg twice daily, 
with lower dosage levels of 200, 400, 600, 800, 1000, 1200, 
and 1400 mcg twice daily).70 Over the course of the event-
driven trial, 7.1% of patients taking placebo and 14.3% of 
patients taking selexipag discontinued treatment due to 
adverse events.69-71

Morbidity and mortality events comprising the pri-
mary end point included all-cause death; hospitalization 
for worsening of PAH; worsening of PAH necessitating 
lung transplant, balloon atrial septostomy, or initiation of 
chronic oxygen therapy or parenteral prostanoid therapy; 
or disease progression (ie, in FC II/III patients at baseline, 
a decrease from baseline 6MWD of ≥15% and worsening 
in FC; in FC III/IV patients at baseline, a decrease from 
baseline 6MWD of ≥15% and need for additional PAH-
specific therapy).70,72 After a mean follow-up of 76 weeks 
(selexipag) and 71 weeks (placebo), with selexipag there was 
a 40% reduction in the risk of experiencing an event of the 
composite primary end point versus placebo (HR, 0.60; 
99% CI, 0.46-0.78), which was a highly statistically signifi-
cant result (P <.0001).69 This primary composite end point 
included hospitalization, which is an important source of 
costs in the management of PAH.

Implications for Managed Care

Cost Perspectives
The REVEAL registry has documented a clear increase 

in hospitalization burden for patients with PAH.73 A 
study of costs in patients with PH covered under Medicare 
Advantage and commercial insurance plans examined 

hospitalization costs from January 2007 through October 
2011. A total of 4009 adult patients with PH or other 
chronic pulmonary heart disease with at least 1 claim for 
a PAH-specific therapy were identified. Costs of hospital-
ization were adjusted to 2011 dollars using the consumer 
price index. The initial hospitalization incurred an average 
cost of $39,576 (SD: $96,707) among commercial insurance 
members, with a mean length of stay (LOS) of 10.0 days 
(SD 14.8), while the initial hospitalization in patients with 
Medicare Advantage incurred an average cost of $16,496 
(SD $31,301) over a mean LOS of 12.7 days (SD 21.0).74

After an initial hospitalization, subsequent hospi-
talizations tended to become longer and more expen-
sive. Investigators analyzed data from a subset of 1203 
patients in the main analysis who experienced at least 1 
rehospitalization during the study period. Of these rehos-
pitalizations, more than 1 in 5 (21.2%) occurred within 
30 days after discharge from the initial hospitalization. 
Rehospitalizations occurring in the year after the initial 
hospitalization incurred an average cost of $35,188 (SD 
$152,006) among commercial insurance members and 
lasted a mean of 10.19 days (SD 23.33). Patients with 
Medicare Advantage incurred an average cost of $19,170 
(SD $41,905) over a mean of 11.46 days (SD 18.73).74

In a retrospective observational cohort study of 
Medicare beneficiaries and commercially insured patients 
encompassing data from 15 million covered lives annu-
ally, researchers identified 12,306 patients taking PAH-
specific medications, including prostacyclins. Costs on 
a per-patient basis accrued over 3 months before index 
prostacyclin therapy averaged $7598 (SD: $9950) for PAH-
related medications and $24,222 (SD $63,295) for PAH-
related medical care, totaling $31,819 (SD $63,280) for all 
PAH-related costs and $39,866 (SD $68,857) for all medi-
cal costs incurred.75 These retrospective claims database 
research studies demonstrate the high healthcare resource 
utilization and costs for PH patients. Agents that decrease 
healthcare utilization (eg, hospitalization) may positively 
impact these expenditures.

Managed Care Role
Managed care decision makers are charged with evalu-

ating medications to determine the best values in treat-
ment options. These decision makers must understand 
treatment advances, including those in rare diseases such 
as PAH. While prostacyclin therapies have been avail-
able for 2 decades,1 these medications have largely been 
used in advanced disease and in a small fraction of PAH 
patients. In a recent retrospective study, Schneider and 
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colleagues found that prostacyclin prescribing remained 
relatively constant from 2010 to 2014, at about 21%. 
However, the distribution of scripts has changed, with an 
increase in nonparenteral prescriptions and a decrease in 
parenteral prescriptions.76

Recent treatment advances that target the prostacyclin 
pathway include a new oral prostanoid and a selective IP 
prostacyclin receptor agonist. These new oral agents may 
offer an opportunity for PAH patients to benefit from 
treatment of the prostacyclin pathway earlier in their 
disease process while avoiding some of the complications 
associated with traditional methods of administration. 
Decision makers must evaluate these 2 new oral agents for 
efficacy and cost-effectiveness, keeping in mind that only 
1 of the agents has been studied in a long-term trial with a 
composite morbidity and mortality end point.6,70

Another consideration for managed care decision 
makers is the benefit under which these agents are paid. 
The inhaled and parenteral options have largely been 
reimbursed under the medical benefit, while oral formula-
tions are generally covered under the pharmacy benefit. 
Integrated plans will experience a cost shift, with new 
costs accrued in the pharmacy benefit and a concomitant 
decrease in the medical spend. However, pharmacy-only 
coverage plans, such as Medicare prescription drug plans, 
will experience an increase in their overall drug spend due 
to a shift from the medical benefit, for which they have no 
financial responsibility. This additional drug spend may 
also decrease the medical spend through less healthcare 
resource utilization (such as hospitalizations).

Conclusion
The prostacyclin pathway is the earliest pathway with 

treatment targets in PAH, with the first agent approved 
in 1995. Since that time, a number of agents, parenteral 
and nonparenteral, have been approved, but these routes 
of administration are fraught with challenges and com-
plications. Inhaled agents are cumbersome and require 
frequent daily treatments. Parenteral agents, given sub-
cutaneously or intravenously, offer challenges including 
potential BSIs, interruption of treatment through line 
breaks or blockages, considerable pain with subcutane-
ous infusion, considerable inconvenience and burden of 
24-hour continuous infusions, and potential preparation 
and administration errors. An oral analog was approved 
in 2013, and a selective IP prostacyclin receptor agonist 
was approved in December 2015.

Prostacyclin therapies, regardless of the mode of deliv-
ery, require strong multidisciplinary collaboration among 

healthcare professionals, specialty pharmacies, and patients. 
The specialty pharmacy continues to play an important role 
in integration of care through distribution of medications 
and supplies, as well as patient education, advanced nursing 
services, and titration management of these medications.

As the treatment landscape for drugs that target the 
prostacyclin pathway expands from parenteral and 
inhaled therapies to oral treatments, many patients may 
benefit from exposure to these therapies at an earlier stage 
of their disease. Access to oral medications with long-
term outcomes data, as well as the improved convenience 
of oral therapy, may help patients with PAH maximize 
function and maintain a more convenient and consistent 
therapeutic regimen to fight this devastating disease. This 
article has provided important information for decision 
makers as they evaluate new options and make formulary 
and coverage decisions for their patient populations.

Author affiliation: Mayo Clinic Florida, Jacksonville (CDB); Accredo 
Health Group Inc, Memphis (LD); Actelion Pharmaceuticals US, Inc, 
South San Francisco (JAP, SR).

Funding source: This supplement was sponsored by Actelion 
Pharmaceuticals US, Inc.

Author disclosures: Dr Burger reports serving as a consultant/advi-
sory board member for Actelion Pharmaceuticals US, Inc, and Gilead 
Sciences, Inc, and receiving grants from Actelion Pharmaceuticals US, 
Inc, Gilead Sciences, Inc, and United Therapeutics Corp. Dr D’Albini 
reports employment and stock ownership with Accredo Specialty 
Pharmacy. Dr Pruett and Ms Raspa report employment and stock owner-
ship with Actelion Pharmaceuticals US, Inc.

Authorship information: Concept and design (JAP, SR); analysis and 
interpretation of data (CDB); drafting of the manuscript (CDB, LD, JAP, 
SR); critical revision of the manuscript for important intellectual content 
(CDB, LD, JAP, SR); and administrative, technical, or logistical support 
(LD, JAP).

Address correspondence to: burger.charles@mayo.edu.

REFERENCES
1. Flolan [prescribing information]. Research Triangle Park, NC: 
GlaxoSmithKline; 2015.
2. Frost AE, Badesch DB, Barst RJ, et al. The changing pic-
ture of patients with pulmonary arterial hypertension in the 
United States: how REVEAL differs from historic and non-US 
Contemporary Registries. Chest. 2011;139(1):128-137. doi: 10.1378/
chest.10-0075.
3. Galiè N, Palazzini M, Manes A. Pulmonary arterial hyperten-
sion: from the kingdom of the near-dead to multiple clinical trial 
meta-analyses. Eur Heart J. 2010;31(17):2080-2086. doi: 10.1093/
eurheartj/ehq152.
4. Hsu CH, Glassner C, Hsu HH, Gomberg-Maitland M. Current 
therapeutics for pulmonary arterial hypertension. Acta Cardiol 
Sin. 2012;28:267-278.
5. Vora JB, Gomberg J. Milliman specialty medical drug 
2010 commercial benchmark study. Milliman website. http://
us.milliman.com/uploadedFiles/insight/Research/health-rr/
pdfs/specialty-medical-drug-benchmark-study.pdf. Published 
November 26, 2012. Accessed December 15, 2015.
6. Orenitram [prescribing information]. Research Triangle Park, 
NC: United Therapeutics Corp; 2014.



S14	   n  www.ajmc.com  n	 JANUARY 2016

Report

7. Actelion submits US FDA New Drug Application for selexipag 
(Uptravi) in patients with pulmonary arterial hypertension [press 
release]. Allschwil, Switzerland: Actelion Pharmaceuticals Ltd; 
December 23, 2014. http://www1.actelion.com/en/our-company/
news-and-events.page?newsId=1883059. Accessed December 15, 
2015.
8. Simonneau G, Gatzoulis MA, Adatia I, et al. Updated clini-
cal classification of pulmonary hypertension. J Am Coll Cardiol. 
2013;62(suppl 25):D34-D41. doi: 10.1016/j.jacc.2013.10.029.
9. Badesch DB, Raskob GE, Elliott CG, et al. Pulmonary arterial 
hypertension: baseline characteristics from the REVEAL Registry. 
Chest. 2010;137(2):376-387. doi: 10.1378/chest.09-1140.
10. Benza RL, Miller DP, Barst RJ, Badesch DB, Frost AE, McGoon 
MD. An evaluation of long-term survival from time of diagnosis in 
pulmonary arterial hypertension from the REVEAL Registry. Chest. 
2012;142(2):448-456.
11. Channick R, Williamson TL. Diagnosis and treatment of pulmo-
nary arterial hypertension. Cardiol Clin. 2004;22(3):441-452.
12. Galiè N, Hoeper MM, Humbert M, et al; Task Force for 
Diagnosis and Treatment of Pulmonary Hypertension of European 
Society of Cardiology (ESC); European Respiratory Society 
(ERS); International Society of Heart and Lung Transplantation 
(ISHLT). Guidelines for the diagnosis and treatment of pulmo-
nary hypertension. Eur Respir J. 2009;34(6):1219-1263. doi: 
10.1183/09031936.00139009.
13. Hoeper MM, Bogaard HJ, Condliffe R, et al. Definitions 
and diagnosis of pulmonary hypertension. J Am Coll Cardiol. 
2013;62(suppl 25):D42-D50. doi: 10.1016/j.jacc.2013.10.032.
14. Morrell NW. Genetics of pulmonary arterial hypertension: do 
the molecular findings have translational value? F1000 Biol Rep. 
2010;2. doi: 10.3410/B2-22.
15. Galiè N, Corris PA, Frost A, et al. Updated treatment algo-
rithm of pulmonary arterial hypertension. J Am Coll Cardiol. 
2013;62(suppl 25):D60-D72. doi: 10.1016/j.jacc.2013.10.031.
16. Guignabert C, Dorfmuller P. Pathology and pathobiol-
ogy of pulmonary hypertension. Semin Respir Crit Care Med. 
2013;34(5):551-559.
17. Humbert M, Sitbon O, Simonneau G. Treatment of pulmonary 
arterial hypertension. N Engl J Med. 2004;351(14):1425-1436.
18. Ghofrani HA, Humbert M. The role of combination therapy 
in managing pulmonary arterial hypertension. Eur Respir Rev. 
2014;23(134):469-475.
19. Adempas [prescribing information]. Whippany, NJ: Bayer 
HealthCare Pharmaceuticals Inc; 2014.
20. Adcirca [prescribing information]. Indianapolis, IN: Eli Lilly and 
Company; 2014.
21. Revatio [prescribing information]. New York, NY: Pfizer Inc; 
2015.
22. Opsumit [prescribing information]. South San Francisco, CA: 
Actelion Pharmaceuticals US, Inc; 2015.
23. Letairis [prescribing information]. Foster City, CA: Gilead 
Sciences, Inc; 2014.
24. Tracleer [prescribing information]. South San Francisco, CA: 
Actelion Pharmaceuticals US, Inc; 2012.
25. Ruiz G, Besinque GM, Lickert CA, Raspa S. Combination thera-
py in pulmonary arterial hypertension: is this the new standard of 
care? Am J Manag Care. 2015;21(suppl 8):S151-S161.
26. Humbert M, Barst RJ, Robbins IM, et al. Combination of 
bosentan with epoprostenol in pulmonary arterial hypertension: 
BREATHE-2. Eur Respir J. 2004;24(3):353-359.
27. Galiè N, Barberà JA, Frost AE, et al; AMBITION Investigators. 
Initial use of ambrisentan plus tadalafil in pulmonary arterial 
hypertension. N Engl J Med. 2015;373(9):834-844. doi: 10.1056/
NEJMoa1413687.
28. Lau EM, Tamura Y, McGoon MD, Sitbon O. The 2015 ESC/
ERS Guidelines for the diagnosis and treatment of pulmonary 
hypertension: a practical chronicle of progress. Eur Respir J. 
2015;46(4):879-882. doi: 10.1183/13993003.01177-2015.

29. Fishman AP. Primary pulmonary arterial hypertension: a look 
back. J Am Coll Cardiol. 2004;43(12, suppl S):2S-4S.
30. Barst R. How has epoprostenol changed the outcome for 
patients with pulmonary arterial hypertension? PVRI Review. 
2009;1(3):150-156.
31. Price L, Bouillon K, Wort SJ, Humbert M. Drug- and toxin-
induced pulmonary arterial hypertension. In: Humbert M, Souza 
R, Simonneau G, eds. Pulmonary Vascular Disorders. Basel, 
Switzerland: Karger; 2012;41(8):76-84.
32. Higenbottam T, Wheeldon D, Wells F, Wallwork J. Long-term 
treatment of primary pulmonary hypertension with continuous 
intravenous epoprostenol (prostacyclin). Lancet.
1984;1(8385):1046-1047.
33. Remodulin [prescribing information]. Research Triangle Park, 
NC: United Therapeutics Corp; 2014.
34. Center for Drug Evaluation and Research. Remodulin sNDA 
approval letter. FDA Access Data website. www.accessdata.fda.
gov/drugsatfda_docs/nda/2004/021272Orig1s002.pdf. Accessed 
December 15, 2015.
35. Ventavis approval letter. FDA Access Data website. www.
accessdata.fda.gov/drugsatfda_docs/appletter/2004/021779ltr.pdf. 
Accessed December 15, 2015.
36. Tyvaso [prescribing information]. Research Triangle Park, NC: 
United Therapeutics Corp; 2013.
37. Tyvaso Approval Letter. FDA Access Data website. http://www.
accessdata.fda.gov/drugsatfda_docs/nda/2009/022387s000approv.
pdf. Accessed December 15, 2015.
38. Orenitram Approval Letter. FDA Access Data website. www.
accessdata.fda.gov/drugsatfda_docs/appletter/2013/203496Orig1s0
00ltr.pdf. Accessed December 15, 2015.
39. Majed BH, Khalil RA. Molecular mechanisms regulating the 
vascular prostacyclin pathways and their adaptation during preg-
nancy and in the newborn. Pharmacol Rev. 2012;64(3):540-582. 
doi: 10.1124/pr.111.004770.
40. Abramovitz M, Adam M, Boie Y, et al. The utilization of recom-
binant prostanoid receptors to determine the affinities and selec-
tivities of prostaglandins and related analogs. Biochim Biophys 
Acta. 2000;1483(2):285-293.
41. Hata AN, Breyer RM. Pharmacology and signaling of prosta-
glandin receptors: multiple roles in inflammation and immune 
modulation. Pharmacol Ther. 2004;103(2):147-166.
42. Norel X. Prostanoid receptors in the human vascular wall. 
ScientificWorldJournal. 2007;7:1359-1374.
43. Mubarak KK. A review of prostaglandin analogs in the man-
agement of patients with pulmonary arterial hypertension. Respir 
Med. 2010;104(1):9-21. doi: 10.1016/j.rmed.2009.07.015.
44. Wilson RJ, Giles H. Piglet saphenous vein contains multiple 
relaxatory prostanoid receptors: evidence for EP4, EP2, DP and IP 
receptor subtypes. Br J Pharmacol. 2005;144(3):405-415.
45. Aronoff DM, Peres CM, Serezani CH, et al. Synthetic pros-
tacyclin analogs differentially regulate macrophage function 
via distinct analog-receptor binding specificities. J Immunol. 
2007;178(3):1628-1634.
46. Ricciotti E, FitzGerald GA. Prostaglandins and inflammation. 
Arterioscler Thromb Vasc Biol. 2011;31(5):986-1000. doi: 10.1161/
ATVBAHA.110.207449.
47. Woodward DF, Jones RL, Narumiya S. International Union of 
Basic and Clinical Pharmacology. LXXXIII: classification of pros-
tanoid receptors, updating 15 years of progress. Pharmacol Rev. 
2011;63(3):471-538. doi: 10.1124/pr.110.003517.
48. Stitham J, Midgett C, Martin KA, Hwa J. Prostacyclin: an 
inflammatory paradox. Front Pharmacol. 2011;2:24. doi: 10.3389/
fphar.2011.00024.
49. Bhandari S, Sandhu PS. Pulmonary hypertension: newer 
insights. Medicine Update. 2012;22:181-187.
50. Sitbon O, Humbert M, Nunes H, et al. Long-term intravenous 
epoprostenol infusion in primary pulmonary hypertension: prog-
nostic factors and survival. J Am Coll Cardiol. 2002;40(4):780-788.



VOL. 22, NO. 1	 n  THE AMERICAN JOURNAL OF MANAGED CARE  n	 S15

The Evolution of Prostacyclins in Pulmonary Arterial Hypertension

51. McLaughlin VV, Shillington A, Rich S. Survival in primary 
pulmonary hypertension: the impact of epoprostenol therapy. 
Circulation. 2002;106(12):1477-1482.
52. Veletri [prescribing information]. South San Francisco, CA: 
Actelion Pharmaceuticals US, Inc; 2012.
53. Barst RJ, Rubin LJ, Long WA, et al; Primary Pulmonary 
Hypertension Study Group. A comparison of continuous intrave-
nous epoprostenol (prostacyclin) with conventional therapy for pri-
mary pulmonary hypertension. N Engl J Med. 1996;334(5):296-301.
54. CADD-Legacy 1 Ambulatory Infusion Pump [operator’s manu-
al]. St. Paul, MN: Smiths Medical Family of Companies; 2007.
55. Greig SL, Scott LJ, Plosker GL. Epoprostenol (Veletri, Caripul): 
a review of its use in patients with pulmonary arterial hyperten-
sion. Am J Cardiovasc Drugs. 2014;14(6):463-470. doi: 10.1007/
s40256-014-0093-0.
56. Ventavis [prescribing information]. South San Francisco, CA: 
Actelion Pharmaceuticals US, Inc; 2013.
57. Kingman MS, Tankersley MA, Lombardi S, Spence S, Torres 
F, Chin KS; Prostacyclin Safety Group. Prostacyclin administra-
tion errors in pulmonary arterial hypertension patients admitted 
to hospitals in the United States: a national survey. J Heart Lung 
Transplant. 2010;29(8):841-846. doi: 10.1016/j.healun.2010.03.008.
58. Mathier MA, McDevitt S, Saggar R. Subcutaneous treprosti-
nil in pulmonary arterial hypertension: practical considerations. 
J Heart Lung Transplant. 2010;29(11):1210-1217. doi: 10.1016/j.
healun.2010.06.013.
59. Dorholt M. High-touch care for highly specialized pulmo-
nary arterial hypertension patient needs. Specialty Pharmacy 
Times website. www.specialtypharmacytimes.com/publications/
specialty-pharmacy-times/2014/october-2014/high-touch-care-for-
highly-specialized-pulmonary-arterial-hypertension-patient-needs. 
Published October 21, 2014. Accessed December 15, 2015.
60. Farber HW, Miller DP, Meltzer LA, McGoon MD. Treatment of 
patients with pulmonary arterial hypertension at the time of death 
or deterioration to functional class IV: insights from the REVEAL 
Registry. J Heart Lung Transplant. 2013;32(11):1114-1122. doi: 
10.1016/j.healun.2013.08.010.
61. Jing ZC, Parikh K, Pulido T, et al. Efficacy and safety of oral 
treprostinil monotherapy for the treatment of pulmonary arte-
rial hypertension: a randomized, controlled trial. Circulation. 
2013;127(5):624-633. doi: 10.1161/CIRCULATIONAHA.112.124388.
62. Tapson VF, Torres F, Kermeen F, et al. Oral treprostinil for 
the treatment of pulmonary arterial hypertension in patients on 
background endothelin receptor antagonist and/or phosphodies-
terase type 5 inhibitor therapy (the FREEDOM-C study): a random-
ized controlled trial. Chest. 2012;142(6):1383-1390. doi: 10.1378/
chest.11-2212.
63. Tapson VF, Jing ZC, Xu KF, et al. Oral treprostinil for the treat-
ment of pulmonary arterial hypertension in patients receiving 
background endothelin receptor antagonist and phosphodiester-
ase type 5 inhibitor therapy (the FREEDOM-C2 study): a random-
ized controlled trial. Chest. 2013;144(3):952-958. doi: 10.1378/
chest.12-2875.
64. Jones A, Wang-Smith L, Pham T, Laliberte K. 
Pharmacokinetics of 3 times a day dosing of oral treprostinil in 

healthy volunteers. J Cardiovasc Pharmacol. 2014;63(3):227-232. 
doi: 10.1097/FJC.0000000000000039.
65. Buckley MS, Berry AJ, Kazem NH, Patel SA, Librodo PA. 
Clinical utility of treprostinil in the treatment of pulmonary arterial 
hypertension: an evidence-based review. Core Evid. 2014;9:71-80. 
doi: 10.2147/CE.S50607.
66. Kuwano K, Hashino A, Asaki T, et al. 2-[4-[(5,6-diphenylpyr-
azin-2-yl)(isopropyl)amino]butoxy]-N-(methylsulfonyl)acetamide 
(NS-304), an orally available and long-acting prostacyclin receptor 
agonist prodrug. J Pharmacol Exp Ther. 2007;322(3):1181-1188.
67. Galiè N, Ghofrani AH. New horizons in pulmonary arterial 
hypertension therapies. Eur Respir Rev. 2013;22(130):503-514. doi: 
10.1183/09059180.00006613.
68. Morrison K, Wanner D, Gatfield J, Gnerre C, Hess P, Clozel M. 
Repeated oral administration of the selective prostacyclin recep-
tor agonist selexipag does not cause tachyphylaxis in spontane-
ously hypertensive rats. Presented at: The American College of 
Cardiology Meeting; March 14-16, 2015; San Diego, CA.
69. McLaughlin VV, Channick R, Chin K, et al. Effect of selexipag 
on morbidity/mortality in pulmonary arterial hypertension: results 
of the GRIPHON study. Presented at: The American College of 
Cardiology Meeting; March 14-16, 2015; San Diego, CA.
70. Chin K. Selexipag prolongs the time to morbidity/mortality 
events in key subgroup populations: results from GRIPHON, a 
randomized controlled study in PAH. Presented at: The American 
Thoracic Society Annual Meeting; May 17, 2013; Denver, CO.
71. Selexipag meets primary endpoint in pivotal Phase III 
GRIPHON outcome study in patients with pulmonary arterial 
hypertension [press release]. Allschwil, Switzerland: Actelion 
Pharmaceuticals Ltd; June 16, 2014. http://www1.actelion.com/en/
our-company/news-and-events.page?newsId=1793163. Accessed 
December 15, 2015.
72. Selexipag (ACT-293987) in pulmonary arterial hypertension, 
GRIPHON trial. ClinicalTrials.gov website. https://clinicaltrials.gov/
ct2/show/study/NCT01106014?term=GRIPHON&rank=1. Accessed 
December 15, 2015.
73. Burger CD, Long PK, Shah MR, et al. Characterization of 
first-time hospitalizations in patients with newly diagnosed 
pulmonary arterial hypertension in the REVEAL registry. Chest. 
2014;146(5):1263-1273.
74. Burke JP, Hunsche E, Régulier E, Nagao M, Buzinec P, Drake 
Iii W. Characterizing pulmonary hypertension-related hospitaliza-
tion costs among Medicare Advantage or commercially insured 
patients with pulmonary arterial hypertension: a retrospective 
database study. Am J Manag Care. 2015;21(suppl 3):S47-S58.
75. Rotella P, Schneider G, Raspa S, et al. Demographics, clinical 
characteristics, and treatment patterns of patients newly started 
on prostacyclin therapy for pulmonary arterial hypertension. 
Presented at: ISPOR 18th Annual European Congress; November 
7-11, 2015; Milan, Italy.
76. Schneider G, Rotella P, Raspa S, et al. Patterns of utiliza-
tion and cost of prostacylins for pulmonary arterial hyper-
tension. Value Health. 2015;18(7):A379-A380. doi: 10.1016/j.
jval.2015.09.803.



Notes

S16	   n  www.ajmc.com  n	 JANUARY 2016



n  Supplement Policy Statement  n

Standards for Supplements to The American Journal of Managed Care

All supplements to The American Journal of Managed Care are designed to facilitate and enhance ongoing 
medical education in various therapeutic disciplines. All Journal supplements adhere to standards of fairness 
and objectivity, as outlined below. Supplements to The American Journal of Managed Care will:

	 I.	 Be reviewed by at least one independent expert from a recognized academic medical institution.
	 II.	 Disclose the source of funding in at least one prominent place.
	 III.	 Disclose any existence of financial interests of supplement contributors to the funding  
		  organization.
	 IV.	 Use generic drug names only, except as needed to differentiate between therapies of similar 
		  class and indication.
	 V.	 Be up-to-date, reflecting the current (as of date of publication) standard of care.
	 VI.	 Be visually distinct from The American Journal of Managed Care.
	 VII.	 Publish information that is substantially different in form and content from that of the 
		  accompanying edition of The American Journal of Managed Care.
	 VIII.	 Prohibit excessive remuneration for contributors and reviewers.
	 IX.	 Carry no advertising.

Publisher’s Note: The opinions expressed in this supplement are those of the authors, presenters, and/or panel-
ists and are not attributable to the sponsor or the publisher, editor, or editorial board of The American Journal 
of Managed Care. Clinical judgment must guide each professional in weighing the benefits of treatment 
against the risk of toxicity. Dosages, indications, and methods of use for products referred to in this supple-
ment are not necessarily the same as indicated in the package insert for the product and may reflect the clini-
cal experience of the authors, presenters, and/or panelists or may be derived from the professional literature 
or other clinical sources. Consult complete prescribing information before administering.


