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Abstract

Pulmonary arterial hypertension (PAH) is a disease with a poor prognosis and high mortality rates therefore in the era of advanced thera-
pies targeting different patophysiological pathways attractive seems the idea of combining drugs from two or more classes. They can be
applied sequentially or initially. Data from randomized clinical placebo controlled trials and observational studies show that both strate-
gies can be successful in terms of improvement of functional capacity or delaying time to clinical worsening. The European Society of
Cardiology guidelines on pulmonary hypertension issued in 2015 present in detail the role of combination therapy in the management

of PAH. JRCD 2015; 2 (4): 103-107
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Pulmonary hypertension -
definition and classification

Pulmonary hypertension (PH) is defined as an increase in mean
pulmonary arterial pressure (nPAP) measured at rest by right
heart catheterisation to at least 25 mm Hg. [1] Based on hemody-
namic characteristics pre-capillary PH (pulmonary artery wedge
pressure, PAWP <15 mm Hg) and post-capillary PH (PAWP
>15 mmHg) can be distinguished. Post-capillary PH can be fur-
ther characterised by the diastolic pressure gradient (DPG) and
pulmonary vascular resistance (PVR) and based on their values
defined as isolated post-capillary PH (DPG <7 mm Hg and/or
PVR < 3 Wood units, WU) and combined post-capillary and pre-
capillary PH (DPG>7 mm Hg and/or PVR >3 WU). According
to clinical classification 5 groups of PH has been distinguished
as shown in table 1. Groups 1,3, and 4 are pre-capillary forms of
PH, group 2 is a post-capillary PH while conditions from group
5 can fulfil criteria for pre-, or post-capillary PH. The definition
of pulmonary arterial hypertension, PAH (group 1 of the clinical
classification of PH) has been changed recently to limit its use to
conditions in which pulmonary vascular disease (defined as in-
crease of PVR>3WU) has developed [2]. Recently rare forms of
pulmonary hypertension has been included in the classification of
rare cardiovascular diseases [3,4].

Pharmacological treatment of
pulmonary arterial hypertension

Supportive therapy includes continuous long-term oxygen supple-
mentation when arterial blood O, pressure is <60 mm Hg (rec-
ommendation class I, level of evidence C) and diuretics in PAH
patients with signs of right ventricular failure and fluid retention
(recommendation class I, level of evidence C). Anticoagulation
has been commonly used in clinical practice but the level of evi-
dence for their use is low due to a lack of randomized controlled
trials. The indication for chronic anticoagulation in patients with
idiopathic PAH (IPAH) has been recently questioned following
the introduction of advanced PAH-specific therapy, which re-
lieved many patients from bed rest. Additionally, recent data sug-
gest an increased bleeding risk in patients with IPAH compared
with patients chronically using vitamin K antagonists for other
reasons [5,6]. Currently the use of oral anticoagulation is not
mandatory and may be considered in patients with IPAH, heredi-
tary PAH and PAH due to anorexigens (recommendation class
IIb, level of evidence C).

Effectiveness and safety of pharmacological treatment of PAH
has been clearly demonstrated in randomized controlled trials.
[7] The choice of appropriate therapy depends mainly on the re-
sult of vasoreactivity testing and functional status of the patient as
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Table 1. Clinical classification of pulmonary hyperten-
sion [1]

1. Pulmonary arterial hypertension (PAH)

1.1 Idiopathic

1.2 Heritable

1.2.1 BMPR2 mutation

1.2.2 Other mutations

1.3 Drugs and toxins induced
1.4 Associated with:

1.4.1 Connective tissue disease
1.4.2 HIV infection

1.4.3 Portal hypertension
1.4.4 Congenital heart disease
1.4.5 Schistosomiasis

1" Pulmonary veno-occlusive disease and/or pulmonary capillary haemangiomatosis
1" Persistent pulmonary hypertension of the newborn
2. Pulmonary hypertension due to left heart disease

2.1 Left ventricular systolic dysfunction

2.2 Left ventricular diastolic dysfunction

2.3 Valvular disease obstruction and congenital cardiomyopathies
2.5 Other

3. Pulmonary hypertension due to lung diseases and/or hypoxia

3.1 Chronic obstructive pulmonary disease

3.2 Interstitial lung disease

3.3 Other pulmonary diseases with mixed restrictive and obstructive pattern
3.4 Sleep-disordered breathing

3.5 Alveolar hypoventilation disorders

3.6 Chronic exposure to high altitude

3.7 Developmental lung diseases

4. Chronic thromboembolic pulmonary hypertension and other pulmonary artery obstructions

4.1 Chronic thromboembolic pulmonary hypertension
4.2 Other pulmonary artery obstructions

5. Pulmonary hypertension with unclear and/or multifactorial mechanisms

5.1 Haematological disorders
5.2 Systemic disorders

5.3 Metabolic disorders

5.4 Others

BMPR2 — bone morphogenetic protein receptor, type 2, HIV — human immunodeficiency
virus

assessed by World Health Organization (WHO) classification. Pa-
tients who respond well to acute vasoreactivity testing (respond-
ers) can be treated with high doses of calcium channel blockers.
The non-responders can be treated with drugs belonging to four
therapeutic groups namely: prostanoids, endothelin receptor an-
tagonists, phosphodiesterase 5 inhibitors, and soluble guanylate cy-
clase stimulators. The mechanisms of action of PAH-specific drugs
that are currently recommended are presented in table 2.

Receptors for platelet-derived growth factor have been a target
in a recently published IMPRESS trial with imatinib, a drug used
to treat chronic myeloid leukemia. Imatinib increased the 6-min-
ute walking distance in patients with PAH with PVR exceeding
900 dyne x s x cm™ treated with at least two PAH-specific drugs [8].
Unfortunately, 38% of the patients stopped the treatment because of
side effects (compared with 18% in the placebo group); 8 patients
suffered from subdural hematoma. Recently completed positive tri-
als which tested macitentan (SERAPHIN) [9], riociguat (PATENT)
[10] and selexipag (GRIPHON) [11] in PAH patients resulted in
inclusion them to the therapeutic algorithm in the 2015 European
Society of Cardiology (ESC) guidelines for the diagnosis and treat-
ment of pulmonary hypertension.

Combination therapy in
the treatment algorithm of PAH

The treatment goal in PAH is to achieve a low risk status of a pa-
tient defined by 1-year mortality <5%. (class of recommendation I,
level of evidence C). Determinants of low risk are presented in
table 3.

Current guidelines suggest that this goal can be achieved by com-
bining two or more classes of PAH specific drugs. The combination
therapy can be applied sequentially or initially.

Sequential combination therapy means an addition of PAH-spe-
cific drug in already treated patients. The therapy involves regular
patient assessment and addition of another drug when the low risk
status (Table 1) has not been achieved. In SERAPHIN, the pivotal
trial of sequential combination therapy addition of macitentan 10
mg to sildenafil in symptomatic PAH patients resulted in reduc-
tion of the combined primary endpoint of morbidity and mortality
of 38%. Importantly, in the whole group of patients treated with

Table 2. The mechanism of action of pulmonary arterial hypertension specific therapies

Group Endothelin receptor Phosphodiesterase
antagonists 5 inhibitors

Drug Bosentan Sildenafil
Macitentan Tadalafil
Ambrisentan

Block endothelin-1 receptors (A or
AandB)

Increase the cGMP level by inhibi-
tion of its metabolism

¢GMP — cyclic guanosine cyclase, cAMP — cyclic adenosine cyclase

Prostanoids and nonprostanoid Soluble guanylate cyclase

agonist of prostanoid receptors stimulators
Epoprostenol Riociguat
Treprostinil

lloprost

Selexipag

Increase the cAMP level Increases the level of cGMP by direct

activation of guanylate cyclase
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Table 3. Determinants of low risk of 1 year mortality
(<5%) in patients with pulmonary arterial hyperten-
sion

Determinant of prog- Characteristics

nosis

Clinical signs of right heart failure  Absent

Progression of symptoms No
Syncope No
WHO functional class Al
6 MWD > 440 m

Cardiopulmonary exercise testing  Peak V0, > 15 ml/min/kg (>65% predicted),
VE/NCO, slope <36

NT-proBNP plasma levels BNP < 50 ng/I, NT-proBNP <300 ng/ml

Imaging (echocardiography, RA area <18 cm?, no pericardial effusion

CMR)

Hemodynamics RAP< 8 mmHg, (I 22,5 I/min/m?, Sv0,> 65%

6MWD — 6-minute walking distance, BNP — brain natriuretic peptide, (I — cardiac index,
(MR - cardiac magnetic resonance, NT-proBNP — N-terminal pro-brain natriuretic
peptide, pred. — predicted, RA - right atrium, RAP —right atrial pressure, Sv0, — mixed
venous oxygen saturation, VE/VCO2 — ventilatory equivalents for carbon dioxide,

V0, - oxygen consumption, WHO — World Health Organization

macitentan (both treatment naive and already treated patients at
enrolment) the 1-year mortality was < 5%.

The initial combination therapy means use of two or more PAH
specific drugs initially after establishing the indications for PAH
treatment. Its rationale comes from high mortality in PAH.

Newly diagnosed patients at low or intermediate risk (usually in
functional class IT or III) can be treated with initial monotherapy or
initial oral combination therapy while patients at high risk (class IV
and some class III patients) should be prescribed initial combina-
tion therapy including intravenous prostacyclin analogues.

In case of inadequate clinical response to initial combination
therapy or initial monotherapy, sequential double or triple combi-
nation therapy is recommended.

Of note combination of riociguat and phosphodiesterase-5 in-
hibitors is contraindicated.

Current treatment algorithm in PAH is presented in figure 1.

Combination therapy in clinical
trials - recommendations

Initial drug combination therapy
The recommendation for initial combination therapy is based
mainly on two randomized trials (Breathe-2 [12], Ambition [13])
and two observational studies.

In the large scale event driven, double blind Ambrisentan and
Tadalafil in Patients with Pulmonary Arterial Hypertension (Ambi-

Treatmentnaivepatient

CCBtherapy
vasoreactive

Lowor intermediaterisk

Patientalready
ontreatment

PAH confirmed by expert center

Acutevasoreactivitytesting
(IPAH, HPAH, DPAHonly)

Non-vasoreactive

Inadequateclinicalresponse

Doubleor triple sequentialcombinationtherapy

Inadequateclinicalresponse

Considerlisting for lungtransplantationandballoonatrial septostomy

Highrisk

Considerreferral
for lungtransplantation

Figure 1. Pulmonary arterial hypertension treatment algorithm. CCB - calcium channel blockers, DPAH - drug-induced PAH, HPAH - heritable
PAH, IPAH - idiopathic PAH, i.v. — intravenous, PAH - pulmonary arterial hypertension, PCA — prostacyclin analogues, WHO-FC - World Health

Organization functional class
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Table 4. Characteristics of randomized placebo controlled trials testing the effectiveness of sequential combination therapy

Drug tested Study Author, Data Number of
patients
Tadalafil [16] PHIRST Galie, 2009 405
Riociguat [10] PATENT Ghofrani, 2013 443
Inhaled iloprost [17] COMBI Hoeper, 2006 40
Inhaled iloprost [18] STEP McLaughlin, 2006 67
Treprostinil [19] Inhal TRIUMPH McLaughlin, 2010 235
Macitentan [9] SERAPHIN Pulido, 2013 742
Slidenafil [20] PACES Simmoneau, 2008 264
Treprostinil [21] PO-Freedom C1 Tapson, 2012 354
Treprostinil [21] PO-Freedom 2 Tapson, 2013 310
Bosentan [23] COMPASS-2 McLaughlin, 2015 334
Selexipag [11] GRIPHON McLaughlin, 2015 1156

Duration Background Primary Main results

(weeks) therapy endpoint

16 None or bosentan 6 MWD 6MWD improved
TTCW improved

12 None or prostanoids, or ~ 6MWD 6MWD improved, Hemody-

bosentan namics improved

12 Bosentan 6MWD Terminated for futility
6MWD not improved
No clinical improvement

12 Bosentan 6MWD 6MWD improved (p=0.051)
TTCW improved

12 Bosentan or sildenafil 6MWD 6MWD improved,
TTCW not improved

115 None, or sildenafil, or TTICW TTCW improved in mono-

inh. lloprost therapy and combination

16 Epoprostenol 6MWD 6MWD improved
TTCW and hemodynamics
improved

16 ERA and/or PDE-5i 6MWD 6MWD not improved
TTCW not improved

16 ERA and/or PDE-5i 6MWD 6MWD not improved
TTCW not improved

929 Sildenafil TICW TTCW not improved
6MWD improved
NT-proBNP imporved

74 ERA and/or PDE-5i TICW TTCW improved

6MWD — 6-minute walking distance; TTCW — time to clinical worsening

tion) trial 500 treatment naive patients with PAH at functional class
IT or I1I were randomised to receive initial combination therapy with
10 mg of ambrisentan plus 40 mg of tadalafil (combination therapy
group) or 10 mg of ambrisentan plus placebo (ambrisentan mono-
therapy group), or 40 mg of tadalafil plus placebo (tadalafil mono-
therapy group) in 2:1:1 ratio. The primary endpoint was defined
as the first occurrence of a composite of death, hospitalization for
worsening PAH, disease progression, or unsatisfactory long-term
clinical response and it occurred in 18% of patients in the com-
bination-therapy group, 34% in the ambrisentan-monotherapy
group and 28% in the tadalafil-monotherapy group. The hazard
ratio for the primary end point in the combination therapy group
versus the pooled-monotherapy group was 0.5 (95% CI 0.35-0.72,
p<0.001). Based on this data the initial combination therapy with
ambrisentan and tadalafil has been assigned recommendation
class I (level of evidence B) in patients with PAH at WHO FC II
or ITI due to the 2015 ESC guidelines on pulmonary hypertension.
Combination of other endothelin receptor antagonists with phos-
phodiesterase-5 inhibitors due to ESC expert opinion (with level
of evidence C) should also be considered as initial PAH therapy
(class IIa of recommendation).

Based on Breathe-2 trial and two observational studies the dou-
ble initial combination therapy with bosentan and intravenous epo-
prostenol or triple initial combination therapy with bosentan and
intravenous epoprostenol and sildeanfil is reccommended in PAH
patients at WHO FC III or IV (class of recommendation IIa, level
of evidence C).

In Breath-2 patients with IPAH or PAH associated with connec-
tive tissue disease in WHO FC III or IV were randomized to epo-
prostenol plus placebo (n = 11) or epoprostenol plus bosentan. No
significant change in the primary endpoint (total pulmonary resis-
tance) was observed between the groups (p = 0.08). Long term ben-
efit of initial triple combination therapy with epoprostenol, bosen-
tan, and sildenafil has been shown recently by the group of Sitbon.
In their observational pilot study this strategy resulted in 100%
3 year survival of patients in severe (WHO FC III or IV) PAH [14].

Sequential drug combination therapy

Systematic review of 9 randomized placebo controlled trials pub-
lished between January 2002 and December 2013 in which ad-
ditional drug or placebo was added to an existing PAH therapy
showed 51% (OR 0.49; 95% CI 0.34-0.71, p<0.001) reduction in
the incidence of clinical worsening in PAH patients treated with
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combination therapy compared with monotherapy however no

survival benefit was observed [15].

The trials reported in this systematic review are summarized in
table 4. Important new studies not included into the metaanalysis,
GRIPHON and COMPASS are also summarized in table 4.

Of note positive effect of sequential combination therapy on time
to clinical worsening as a primary end point was shown only for
selexipag and macitentan.

Based on the presenting studies the following sequential drug
combination therapies should be preferred for PAH patients ac-
cording to the 2015 ESC Guidelines:

- macitentan added to sildenafil: WHO FC class II and III (class
of recommendation I, level of evidence B), and IV (class of rec-
ommendation IIa, level of evidence C)

- riociguat added to bosentan: WHO FC class II and III (class of
recommendation I, level of evidence B), and IV (class of recom-
mendation IIa, level of evidence C)

- selexipag added to endothelin receptor antagonist and/or
phosphodiesterase-5 inhibitor: WHO FC class II and III (class
of recommendation I, level of evidence B), and IV (class of rec-
ommendation IIa, level of evidence C)

- sildenafil added to epoprostenol: WHO FC class III (class of
recommendation I, level of evidence B), and IV (class of recom-
mendation Ila, level of evidence B)

- treprostinil inhaled added to sildenafil or bosentan: WHO FC
class IT and III (class of recommendation Ila, level of evidence B),
and IV (class of recommendation IIa, level of evidence C)

- tadalafil added to bosentan: WHO FC class II, III, and IV (class
of recommendation IIa, level of evidence C).
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