Therapeutic Class Overview
Pulmonary Arterial Hypertension Agents

Therapeutic Class

Overview/Summary: The oral pulmonary hypertension agents are Food and Drug Administration
(FDA)-approved for the treatment of patients with World Health Organization (WHO) Group |
pulmonary arterial hypertension (PAH); however, there are differences in the study populations for
which their FDA-approvals were based.'1° Typically, PAH is characterized by an elevated pulmonary
arterial pressure and an increased pulmonary vascular resistance leading to right-sided heart failure.
The prevalence of PAH is estimated to be 15 cases/million adults. The disease has a poor prognosis
and an approximate mortality rate of 15% within one year on therapy.!! The WHO classifies
pulmonary hypertension into five groups. WHO Group | encompasses PAH, including idiopathic PAH,
familial PAH, and PAH associated with connective tissue disorders, portal hypertension, human
immunodeficiency virus infection, drugs and toxins and other disorders that affect the small
pulmonary muscular arterioles. Patients with PAH are assessed based on the WHO and New York
Heart Association (NYHA) functional classes that describe the disease severity from little (class I) to
significant (class V) impact on patient physical activity.*? Five classes of medications are currently
FDA-approved for the treatment of WHO Group | PAH: prostacyclin analogues (prostanoids),
prostacyclin receptor agonists, endothelin receptor antagonists (ERAS), phosphodiesterase (PDE)-5
inhibitors and soluble guanylate cyclase stimulators.*93 In PAH, prostacyclin synthase is reduced
resulting in inadequate production of prostacyclin Iz, a potent vasodilator with antiproliferative effects
and an inhibitor of platelet aggregation.'* The prostanoids act as vasodilators and platelet
aggregation inhibitors. lloprost (Ventavis®), treprostinil (Tyvaso®) and treprostinil diolamine
(Orenitram®) are the only prostanoids currently available orally; however, other products are
available for intravenous or subcutaneous administration.> Selexipag (Uptravi®) is a prostacyclin
receptor agonist, which acts via the same receptor as the prostanoids, but is structurally distinct from
prostacyclin.# Endothelial dysfunction in PAH causes increased production of endothelin-1 resulting in
vasoconstriction, which is mediated by the endothelin receptors, ETa and ETs.5"!! Stimulation of ETa
causes vasoconstriction and cell proliferation, while stimulation of ETg results in vasodilatation,
antiproliferation and endothelin-1 clearance.>® The ERAs, ambrisentan (Letairis®), bosentan
(Tracleer®) and macitentan (Opsumit®) competitively bind to both receptors with different affinities.
Ambrisentan is highly selective for the ETa receptor, while bosentan is slightly more selective for the
ETa receptor than the ETs receptor. Macitentan is associated with a high affinity and sustained
occupancy of both ET receptors. However, the clinical significance of receptor affinities of the ERAs
has not been established.>” In patients with PAH there is also an impaired release of nitric oxide by
the vascular endothelium thereby reducing cyclic guanosine monophosphate (cGMP) concentrations.
The PDE-5 enzyme is the predominant phosphodiesterase in the pulmonary vasculature and is
responsible for the degradation of cGMP.'!* The PDE-5 inhibitors, sildenafil (Revatio®) and tadalafil
(Adcirca®), increase the concentrations of cGMP resulting in relaxation of pulmonary vascular bed.®*
Soluble guanylate cyclase (sGC) is an enzyme present in the cardiopulmonary system and is the
receptor for nitric oxide. When bound to nitric oxide, sGC catalyzes synthesis of cGMP, which plays a
role in the regulating processes that influence vascular tone, proliferation, fibrosis and inflammation.
Riociguat (Adempas®) stimulation of this nitric oxide-sGC-cGMP pathway leads to increased
generation of cGMP and thus, vasodilation.1°

Table 1. Current Medications Available in Therapeutic Class'®!2

Generic Food and Drug Administration Approved Dosage Generic
(Trade Name) Indications Form/Strength Availability
Ambrisentan Treatment of PAH (WHO Group |) to improve Tablet:

(Letairis®) exercise ability and delay clinical worsening.* 5 mg -
10 mg
Bosentan Treatment of PAH (WHO Group |) to improve Tablet:
(Tracleer®) exercise ability and delay clinical worsening." 62.5 mg -
125 mg
.
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Generic Food and Drug Administration Approved Dosage Generic
(Trade Name) Indications Form/Strength Availability
lloprost Treatment of PAH (WHO Group |) to improve a Ampule for
(Ventavis®) composite endpoint consisting of exercise inhalation:

tolerance symptoms (NYHA class) and lack of 10 pg/mL )
deterioration.* 20 pg/mL
Macitentan Treatment of PAH (WHO Group |) to delay Tablet:
(Opsumit®) disease progression. I# 10 mg )
Riociguat Treatment of PAH (WHO Group |) to improve Tablet:
(Adempas®) exercise ability, improve WHO functional class 0.5 mg
and delay clinical worsening and treatment of 1mg
persistent/recurrent CTEPH after surgical 1.5mg )
treatment or inoperable CTEPH to improve 2 mg
exercise capacity. | 2.5mg
Selexipag Treatment of PAH (WHO Group |) in combination
(Uptravi®, with tadalafil to reduce the risks of disease
Uptravi progression and hospitalization for worsening
Titration PAH and to improve exercise abilityt
Pack®)
Sildenafil Treatment of PAH (WHO Group I) to improve Tablet:
(Revatio®) exercise ability and delay clinical worsening.Sll 20 mg

Vial for injection:
0.8 mg/mL v

Powder for oral
suspension:
10 mg/mL

Tadalafil Treatment of PAH (WHO Group |) to improve Tablet:
(Adcirca®) exercise ability." 20 mg

Treprostinil Treatment of PAH (WHO Group |) to improve Ampule for
(Tyvaso®) exercise ability. ** inhalation: -
0.6 mg/mL

Treprostinil Treatment of PAH (WHO Group |) to improve Extended-release
(Orenitram®) exercise ability. 1" tablet:

0.125mg

0.25 mg

1mg

2.5 mg

CTEPH=Chronic Thromboembolic Pulmonary Hypertension, NYHA=New York Heart Association, PAH=pulmonary arterial
hypertension, WHO=World Health Organization

*Studies establishing effectiveness included predominantly patients with World Health Organization (WHO) Functional Class I to Il
symptoms and etiologies of idiopathic or heritable pulmonary arterial hypertension (PAH) (64%) or PAH associated with connective
tissue diseases (32%).

tStudies establishing effectiveness included predominately patients with New York Heart Association (NYHA) Functional Class Il to
IV symptoms and etiologies of idiopathic or heritable PAH (60%), PAH associated with connective tissue diseases (21%), and PAH
associated with congenital systemic-to-pulmonary shunts (18%).

fStudies establishing effectiveness included predominately patients with NYHA Functional Class Il to IV symptoms and etiologies
of idiopathic or heritable PAH (65%), PAH associated with connective tissue diseases (23%).

§Studies included predominately patients with NYHA class Il or Il symptoms and etiologies of primary pulmonary hypertension
(71%) or pulmonary hypertension associated with connective tissue disease (25%).

|| Approved for use in adults only.

fIStudies included predominately patients with NYHA class Il or Ill symptoms and etiologies of idiopathic or heritable PAH (61%) or
PAH associated with connective tissue diseases (23%).

#Disease progression included death, initiation of intravenous or subcutaneous prostanoids or clinical worsening of PAH (decreased
6-minute walk distance, worsened PAH symptoms and need for additional PAH treatment).

** Studies included predominantly patients with NYHA class Ill symptoms and etiologies of idiopathic or heritable PAH (56%) or PAH
associated with connective tissue diseases (33%).

—~
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t1Studies included predominately patients with NYHA class Il or Ill symptoms and etiologies of idiopathic or heritable PAH (75%) or
PAH associated with connective tissue diseases (19%).

11 Studies included predominantly patients with NYHA class Il or Il symptoms and etiologies of idiopathic and heritable PAH (58%),
PAH associated with connective tissue disease (29%), PAH associated with congenital heart disease with repaired shunts (10%)

Evidence-based Medicine

Randomized controlled trials have demonstrated the efficacy of the oral pulmonary arterial
hypertension agents in increasing exercise capacity and improving World Health Organization and
New York Heart Association functional class; however, no head to head trials have been
conducted.16-47

Only small studies evaluating the effect of combination therapy have been conducted, and statistically
significant improvements have not consistently been demonstrated.11:23:35346:41, 43,45

Common adverse events in the prostanoids class are jaw pain, diarrhea, headache and flushing.*®
Endothelin receptor antagonists are associated with peripheral edema and elevated liver function
tests. &* The phosphodiesterase-5 inhibitors are generally well tolerated and common adverse effects
include headache, flushing, and dyspepsia.'® The most common adverse events associated with the
soluble guanylate cyclase stimulators can be ascribed to the vasodilatory mechanism of action,
including headache, dizziness, nausea and hypotension.®

Key Points within the Medication Class

According to Current Clinical Guidelines:

0 Oral calcium-channel blockers (CCB) are recommended only for patients with positive acute
vasodilator response to testing.t1415

o0 Oral therapy with either a phosphodiesterase-5 inhibitor or an endothelin receptor antagonist
or riociguat is recommended as first-line treatment in patients who are considered lower risk
and are not candidates for CCBs. 111415

0 Use of inhaled or parenteral prostanoids should not be chosen as initial therapy for treatment
naive PAH patients with WHO functional class Il symptoms or as second line agents for PAH
patients with WHO functional class || symptoms who have not met their treatment goals.**

o For WHO class lll patients, addition of a parenteral or inhaled prostanoid to mono- or dual-
oral therapy is recommended if rapid progression occurs, or there is poor clinical
prognosis.tt14

0 Intravenous prostanoids are the preferred treatment in patients at higher risk and poor
prognostic indexes.!t4

o0 If a patient cannot or does not wish to use intravenous medications, they may use inhaled
prostanoids and an endothelin receptor antagonist for higher risk or poorer prognostic
indexes.

o Combining therapies with different mechanisms of action, either in sequential pattern or
simultaneously at the beginning of treatment for the management of PAH is recommended.

Other Key Facts:

0 Ambrisentan, bosentan, macitentan and riociguat are distributed through a restricted
distribution program.38:9

o Sildenafil tablet is the only oral pulmonary arterial hypertension agent that is available
generically.

0 In August 2012, the prescribing information for sildenafil was updated to include a warning
against the use of sildenafil in pediatric patients. This was due to increased mortality seen in
long-term clinical trials that included pediatric patients.®
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