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ABSTRACT

Endothelin receptor blockers are the mainstay of treatment for pulmonary arterial hypertension. These drugs produce
pulmonary vasodilation and reduce smooth muscle proliferation by blocking endothelin receptors on pulmonary
vascular smooth muscles. Bosentan is the most studied and most widely used endothelin receptor blocker. It is the
only drug of this class which is approved for use in children. Nonetheless, better side effect profile and cost effectivity
has prompted many to prefer ambrisentan and macitentan over bosentan. This review focuses on the practical
aspects of bosentan, ambrisentan and macitentan therapeutics.
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INTRODUCTION

Bosentan, ambrisentan and macitentan are endothelin receptor
antagonists (ERA) approved for the treatment of pulmonary arterial
hypertension (PAH). Several well-conducted clinical trials and post
marketing surveillance have established the safety and efficacy of
these drugs both as monotherapy and part of combination therapies
[1-6]. The potential use of ERA in several other disorders like cancer,

fibrosis, renal disease and pain management is under investigation

(7).

For the purpose of this review article, we searched Medline and
Google scholar for published English literature focussing on the
practical therapeutics of ERAs. We applied the search strategy using
keywords “Endothelin receptor antagonists” paired with “practical
usage”, “pharmacokinetics’, pulmonary arterial hypertension, “
adverse effects”, “Eisenmenger syndrome”, “combination therapy”,
“human immunodeficiency virus (HIV)”, “connective tissue disease”,
“left heart disease” “chronic lung disease”, “porto-pulmonary
hypertension” and “cost-effectiveness.” The search in MEDLINE
and Google scholar databases resulted in 1876 articles including
clinical trials, reviews and systematic reviews. The title and abstracts
of these articles were scanned. The studies related to pulmonary
vasodilators other than bosentan, ambrisentan and macitentan and
clinical reviews published before last 10 years were excluded. Keeping

the practical aspects in focus, 46 articles were chosen for the review.

MECHANISM OF ACTION AND RELEVANT
PHARMACOKINETICS

Endothelin pathway plays a major role in the pathophysiology

of pulmonary hypertension. Endothelin-1 is a vasoactive peptide
produced by pulmonary vascular endothelium and has an important
role in the pathogenesis of PAH. It acts on Endothelin A (ETA) and
Endothelin B (ETB) receptors located on the pulmonary smooth
muscle vasculature and mediate vasoconstriction and smooth
muscle proliferation (Figure 1). The ETB receptors present on
the pulmonary vascular endothelium mediate vasodilatation (7).
Bosentan and macitentan are non-selective ETA and ETB blockers,
while ambrisentan is a selective ETA receptor blocker. In effect,
ERAs cause vasodilation and reduce proliferation of the pulmonary

vessels [8].

Figure 1: Mechanism of action of bosentan, ambrisentan and macitentan
ECE endothelin converting enzyme, ETA endothelin a receptor, ETB

endothelin B receptor.
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Ambrisentan and macitentan have higher bioavailability and longer
halflife when compared to bosentan (Table 1). Bosentan has shorter
halflife requiring twice a day dosing compared to ambrisentan and

macitentan which are given once daily. The cytochrome P450 system
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of enzymes plays a role in the metabolism of these drugs, making
these agents prone to drug interactions. Bile salt transport proteins
are involved in the elimination of bosentan and are responsible for

increased hepatoxicity of bosentan amongst the group [9].

Table 1: Pharmacokinetics of bosentan, ambrisentan and macitentan, CYP cytochrome P450; OATP organic anion transport protein; Tmax time to
reach peak plasma concentration; T %2 half-life; UGT uridine 5’5’ diphosphate glucuronosyl transferase.

Parameter Bosentan [9] Ambrisentan [9] Macitentan [10]
Route of administration Oral Oral Oral
Bioavailability (%) 50% 80% T4%
Tmax (hours) 3 2 8
TV (hours) 5 15 16
Protein binding (%) 98 99 >99

Elimination pathway Hepatic, biotransformation

Hepatic, biotransformation Renal, biotransformation

CYP3A4 and CYP2C9, OATP

Enzymes involves in metabolism

CYP3A4, CYP2C19, UGT CYP3A4

INITIATION OF THERAPY
Indication

ERAs are indicated in pre-capillary and combined pre and post-
capillary hypertension. Robust evidence exists regarding the use of

these drugs in WHO group 1 pulmonary arterial hypertension (PAH)

including idiopathic PAH (IPAH), hereditary PAH (HPAH) and
PAH associated with connective tissue disorder, HIV and congenital
heart disease [1-4,10]. Increasing amount of evidence demonstrates
their usefulness in other WHO groups of PAH also (Table 2). ERAs

are not effective in isolated post capillary hypertension and may even

be harmful [11,12].

Table 2: Role of ERAs in specific pulmonary hypertension subsets

PAH group

Role of ERA

Available evidence

Connective tissue disease (CTD)

Same as in [PAH

RCTs including CTD patients showed
improvement in MWD and haemodynamics
when compared to placebo but lesser than
PDES5i and prostanoids and less effective than
in IPAH patients [13,14].

Portal Hypertension

Bosentan harmful, ambrisentan and
macitentan can be used in moderate liver
disease

PORTICO trial (macitentan) and an open
label RCT in (ambrisentan) showed efficacy
and safety in PoPH with moderate hepatic
dysfunction [15,16].

HIV

Same as IPAH with drug interactions taken
into account

Open label prospective and retrospective
studies of bosentan, sporadic patients in
ARIES and SERAPHIN trials showed clinical
and hemodynamic benefit [17].

Pulmonary veno-occlusive disease

Cautious use; can lead to drug induced
pulmonary oedema

Case reports [18]

Left heart disease

Insufficient evidence for use

ENABLE- 1,2 (bosentan) and MELODY
(macitentan) trials showed worsening heart

failure [12].

Lung disease (COPD, IPF, ILD)

May be used in severe PAH and predominantly
hemodynamic phenotype

Insufficient evidence; several trials of
bosentan, ambrisentan and MUSIC
(macitentan) trial showed no benefit.
Ambrisentan (ARTEMIS IPF) lead to disease
progression in IPF [19,20].

CTEPH

Can be used in inoperable cases; riociguat
preferred

BENEFIT (bosentan) trial, AMBER
(ambrisentan) and MERIT-1 (macitentan)
trials showed reduction in PVR [21,22].

Note:COPD chronic obstructive pulmonary disease; CTEPH chronic thromboembolic pulmonary hypertension; HIV human immunodeficiency

virus; ILD interstitial lung disease; IPAH idiopathic pulmonary arterial hypertension; IPF idiopathic pulmonary fibrosis; PDE5i

phosphodiesterase inhibitors; PoPH pulmonary hypertension associated with portal hypertension; RCT randomised controlled trial.
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PAH specific drug therapy is recommended from WHO functional
class II onwards, either as monotherapy or in combination. ERAs
are initiated when pulmonary vasculature is non-reactive on acute
vasoreactivity testing in WHO groups 1 of PAH. In other groups,
the vasoreactivity testing results may be unreliable and hence is
not recommended. In WHO group 3 of pulmonary hypertension
(associated with chronic lung disease), ERA are indicated in patients
with PH disproportionate to hypoxia lung function. Hence, a right
heart catheterisation study is recommended to confirm the diagnosis
and establish severity [13].

Non-Ph use of era

Preclinical studies have demonstrated promising antiproliferative
effect of ERA in various types of cancer, however clinical trials have
not replicated the beneficial results so far. A few animal studies
and small clinical trials have shown reduction of proteinuria and
cardiovascular risk in patients with chronic kidney disease and
diabetic nephropathy by ERA. However, larger studies are required
to recommend their use in clinical practice. Bosentan is also proven
to be useful in reducing digital ulcers in patients with systemic

sclerosis [7].
Choice of drug

Ambrisentan being selective ETA receptor blocker has the advantage
of preserving the vasodilatory properties of ETB receptors on
endothelial cells when compared to non-selective bosentan and
macitentan [9]. Increased tissue penetration and slow dissociation of
macitentan has been cited as the reason for better efficacy compared
to bosentan [1,8]. Moreover, higher incidence of adverse events of

bosentan makes it lesser preferable amongst the group.

A network metanalysis, comparing the efficacy and safety of bosentan,
ambrisentan and macitentan with each other, showed that bosentan
was most efficacious in terms of highest mean change in 6-minute
walk distance (6MWD) (mean 52.67 m) and lowest odds ratio (OR)
for clinical worsening (mean OR 0.35) with ambrisentan being the
close second (6MWD change mean 42.31 m, clinical worsening mean
OR 0.30) when compared to placebo [14,15]. But ambrisentan was
found to be better in terms of safety profile. Therefore in combined
analysis of efficacy and adverse effects profile, ambrisentan was
concluded to be the drug of choice. Macitentan being a relatively
newer molecule, has been tested only in few trials. The efficacy of
macitentan is evident by SERAPHIN trial, which showed reduction
in longterm morbidity and mortality and risk of hospitalization
related to pulmonary hypertension and improvement in heath
related quality of life [1]. Hence, macitentan can be considered as an
efficacious alternative. With several ongoing trials, the evidence for

macitentan is expected to grow in future [16].
COMBINATION THERAPY OR MONOTHERAPY

Bosentan, ambrisentan and macitentan have been used in
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various combinations with other PAH specific drug therapies like
phosphodiesterase 5 inhibitors (PDE5i) and prostanoid group
of drugs. They can be combined upfront (at initiation of therapy)
or sequentially. The European Society of Cardiology (ESC)
recommends monotherapy for low risk patients (WHO functional
class I, II) and combination therapy for intermediate and high-risk
categories (WHO functional class III, IV) [17]. These categories have
been defined based on signs and symptoms of right heart failure,
functional class, 6MWD, echocardiography and hemodynamic
assessment. The AMBITION trial demonstrated the advantage of
upfront combination of ambrisentan and tadalafil over either drug
as monotherapy [18]. Based on these results, 2019 American chest
physician guidelines recommend initiating combination therapy in
WHO functional class II and III; and in class IV if the patient is
intolerant or unwilling to use intravenous epoprostenol. Ongoing
OPTIMA trial evaluating an initial combination therapy with
macitentan and tadalafil has also shown promising preliminary
results [19,20]. Evidence for initial combination therapy of ERA with
prostanoid group is not very strong so as to be recommended as first
line therapy [21,22]. Sequential or add-on therapy has been tried in
various combinations of different groups and has shown beneficial
results [23,24]. The GRIPHON trial demonstrated 34% risk
reduction of disease progression and hospitalization by sequential
addition of Selexipag, an oral prostacyclin receptor agonist to
endothelin receptor antagonist therapy and is a recommended
combination [25,26,27]. Drug therapy can be escalated to dual and
triple drug combination for goal directed treatment based on various

treatment targets monitored routinely [24].

Role in Eisenmenger Syndrome (Es) and other groups of
pulmonary hypertension

Bosentan is shown to be effective in Eisenmenger syndrome (ES)
[28]. A retrospective cohort study of ambrisentan in 38 patients
with ES demonstrated improvement in 6MWD and no serious
adverse effects were observed [29]. No trial has evaluated the role
of ambrisentan in ES so far. MAESTRO trial evaluated macitentan
in ES and failed to show it’s efficacy [30]. The possible reasons of
lack of effect of macitentan in this trial are marked improvement of
primary outcome (6(MWD) in placebo arm and improper technique
of GBMWD in the smaller centres involved in the trial [30].

DOSAGE AND TITRATION
Initiation of therapy

The adverse effects like headache, muscle pain and dizziness are
common at the time of initiation especially when started at high doses
and combined with other vasodilator drugs like phosphodiesterase
[2]. Staggered initiation is practiced in several PAH centres in which
the second drug is initiated after two to four weeks. Staggered
initiation allows the patient to adapt to the vasodilator effect of one
drug and improves tolerability [31] (Table 3).
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Table 3: Recommended doses for adult and paediatric population

Drug Adult dose [23] Paediatric dose

Initial dose: 0.3-1
mg/kg per dose twice
daily
<10 kg- 2 mg/kg per
dose twice daily
10-20 kg- 2 mg/kg
per dose twice daily

20-40 kg- 62.5 mg
per dose twice daily

> 40 kg -125 mg per
dose twice daily [32]

<20kg-2.5mgto 5
mg once daily

20-40 kg- 5 mg once
daily

>40 kg -5 mg to 10

mg once daily [33]

No published data

Bosentan 125 mg twice daily

Ambrisentan* 5 or 10 mg once daily

Macitentan

TITRATION

10 mg once daily

A gradual up-titration also enhances the tolerability of therapy.
In BREATHE-5 trial of bosentan in patients with Eisenmenger
syndrome, patients were initiated at a lower dose of 62.5 mg twice
daily and increased four weeks later to 125 mg twice daily [11]. In
AMBITION trial, both tadalafil and ambrisentan were started at half
the recommended doses and at four weeks tadalafil was doubled to

maximum dose and was increased to full dose at eight weeks [32,33].
ADVERSE EFFECTS

A meta-analysis of nearly 5000 patients compared the safely profile
of bosentan, ambrisentan and macitentan. Hepatoxicity, peripheral
oedema and anaemia were the major adverse effects reported for
all the three drugs [34]. Bosentan was reported to have the highest
hepatoxicity amongst the group (12.3% versus 2.47 %; p <0.0001)
when compared to placebo. Hepatotoxicity is caused by inhibition
of bile salt protein involved in the metabolism of bosentan. Both
ambrisentan and macitentan did not show significant hepatoxicity
compared to placebo. Hence, Food and Drug Administration (FDA)
removed the requirement of monthly liver function test (LFT) for
ambrisentan in 2011 which led to significantly reduced testing for
liver function and expenditure [35]. However, a post marketing
surveillance data in 718 patients on macitentan showed 3.9% rate
of > 1 hepatic events [5]. Ambrisentan (20.8% vs 10.3%; p=0.0002)
and bosentan (10.3% versus 7.1%; p=0.02) conferred increased risk
of peripheral oedema whereas macitentan (9.98% versus 3.7%;
p=0.0004) and bosentan (4.72% versus 2.01%; p=0.002) increased
the risk of anaemia compared to placebo [34]. Increased vasopressin
levels and sodium retention at renal tubules caused by ERAs is the

likely mechanism of peripheral oedema as well as dilutional anaemia

[1,34].

The minor adverse effects often cause significant discomfort and lead

Cardiovasc Pharm Open Access, Vol. 10 Iss. 06, No. 1000260

OPEN aACCESS Freely available online

todiscontinuation of drugs (Table 4)(1,2,11,29]). Combination therapy
can further increase the rate of adverse effects as demonstrated by
the AMBITION trial. The rate of peripheral edema, anaemia, nasal
congestion, dizziness and headache was higher with the combination
of ambrisentan and tadalafil compared to monotherapy with any
of the two drugs however the rate of discontinuation remained the

same in combination therapy and monotherapy in the trial [2].

Table 4. Adverse effects of Endothelin receptor antagonists

Major adverse effects Minor adverse effects®

Transaminase elevation Headache, dizziness, syncope

Anaemia Upper and lower respiratory
tract infections, nasopharyngitis,

sinusitis

Peripheral oedema Diarrhoea, nausea, vomiting,

dyspepsia

Cough, flushing, dyspnoea,

palpitation

Muscle pain, arthralgia, back pain,

non-cardiac chest pain, fatigue

Note:*In decreasing order of requency in randomised trials

Management of adverse effects

Headache and muscle pain can be managed with temporary dose
reduction and if PDES5i are co-administered, PDE5i dose should be
reduced. These adverse effects usually subside after one week [31].
Drug induced peripheral oedema does not warrant any specific
measure once worsening congestive heart failure is ruled out;
occasionally leading to discontinuation of therapy. Drug induced
anaemia, seen more commonly with macitentan, usually occurs in
the initial phase of therapy and is aggravated in pre-existing anaemia.
The intervention arm of MAESTRO trial with macitentan showed
a mean reduction of 1.04+1.37 g%, and about one-third of patients
had > 2 ¢% fall in haemoglobin. In SERAPHIN trial, 4.3% patients
had fall in haemoglobin <8 g/dL [1,28]. Monitoring of haemoglobin
is recommended monthly, as haemoglobin stabilises by first four
weeks of therapy [1,30]. If asymptomatic elevation of transaminases
develops, transient discontinuation is warranted if two serial values
of transaminases are > 3 times the upper limit of normal (ULN).
Hepatic encephalopathy, bilirubin elevation > 2 times ULN and

transaminases > 8 times ULN warrant permanent discontinuation

(35,36].
DRUG INTERACTIONS AND COMORBIDITIES

Drugs that induce or inhibit CYP3A4 enzyme can potentially interact
with bosentan, ambrisentan and macitentan but ambrisentan is least
affected as it is predominantly metabolised by UGT enzyme (Table
5) [9]. Macitentan has been reported to have fewer interactions but
requires further evaluation [5]. Drug interactions are particularly
important when using ERAs in patients with HIV, connective tissues

disorders, other vasodilators like nitrates used in coronary artery
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disease [31].

Table 5: Clinical significance of reported drug interactions of bosentan,

ambrisentan and macitentan

Drug of interaction Bosentan

Clinical significance [5,9,24]

OPEN aACCESS Freely available online

Note:CBC complete blood counts; INR international normalised
ratio; LFT liver function test; PAH pulmonary arterial hypertension;
PT prothrombin time *Includes signs of right heart failure, syncope,
functional class, SMWD, cardiopulmonary exercise testing, imaging,

hemodynamic assessment

Sildenafil No dose adjustment required
Cyclosporine Contraindicated; severe
hepatoxicity
Glibenclamide Contraindicated; severe
hepatoxicity, impaired sugar
control
Amiodarone Contraindicated; severe
hepatoxicity
Warfarin Intensified monitoring required

Hormonal contraceptives

Alternative method of
contraception required

HMG CoA reductase inhibitors

Cholesterol level monitoring,
drug level reduced

Rifampin, phenytoin

No dose adjustment required;
reduce Bosentan level

Fluconazole, Ketoconazole

Contraindicated; severe
hepatoxicity

Erythromycin

No dose adjustment required for
short course

Ritonavir, saquinavir, lopinavir

Dose adjustment required,
increase bosentan level

Ambrisentan

Cyclosporine, ketoconazole

Caution recommended; potential
hepatoxicity

Macitentan

Ketoconazole, rifampin

Should be avoided

Monitoring therapy

The goals of monitoring include timely detection of adverse events,

harmful drug interactions and effectiveness of therapy (Table 6).

Monitoring can be done from physician’s office, telephonically by

healthcare worker or home monitoring in combination for optimal

patient management [37].

Table 6: Parameters for monitoring drug therapy and their frequency

Parameter

Frequency

Clinical assessment, weight

Should be avoided

gain

Baseline,1 month, then 3-6
monthly, 3 months after change
in therapy, whenever clinical
worsening [24]

CBC, creatinine, LFT

Same as above; monthly LFT for
children on bosentan [32]

Other tests for PAH* Same as above; for early goal
directed additional therapy
PT/INR Strict monitoring in view of

interaction with warfarin

Home monitoring -weight

Daily; to report if > 2 kg at a time
(31]
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CONTRAINDICATIONS

Ambrisentan, bosentan and macitentan are category X drugs as
per FDA in pregnancy and lactation. Pregnancy must be ruled out
in women of child bearing age before initiation of therapy [36].
Bosentan should not be administered to patients with moderate
or severe hepatic dysfunction [9]. A few studies of ambrisentan
and macitentan reported no hepatoxicity in patients with Child
Pugh class A and B [15,16]. These drugs should be avoided in
severe hepatic dysfunction. Bosentan can be given safely in renal
impairment. Ambrisentan and macitentan can be administered up
to creatinine clearance of 20 mL/min but data is limited in severe
renal impairment and hence should be avoided [9,36]. These drugs

are not recommended in isolated post capillary hypertension.

COST EFFECTIVENESS AND OTHER PRACTICAL
ASPECTS

In a systematic review of cost effectiveness, ambrisentan and sildenafil
were shown to be more cost effective than bosentan [38]. Once a day
therapy in ambrisentan and macitentan may improve compliance.

However, the individual costs vary widely in different countries.

The cost of therapy of ERAs is higher than the PDE5i (Table 7).
However, there is insufficient data to prove the efficacy and safety of
ERAs over PDE5i or vice versa [39,40]. Therefore, if monotherapy
is initiated, for WHO FC I and II, PDE5i may be considered as an

alternative based on tolerability.

Bosentan, ambrisentan and macitentan are available as film coated
and enteric coated formulations. The availability of dispersible
formulation of 32 mg may be limited in the developing countries.
Hence, the available preparations have to be dissolved in water
before administration to children. The enteric coated tablets should

not be broken. No interaction with food has been reported.
Transition from Bosentan to Ambrisentan/Macitentan

Switch from bosentan to ambrisentan or macitentan was
demonstrated to be safe and effective in 87.5 % patients in SCOBA-
PH trial (ambrisentan) and few observational studies of macitentan
with a few showing improvements in functional class and PH after
switch [5,41,42]. Lack of improvement with bosentan, once daily
dosing, cost effectiveness and improved safety profile are the reasons
to change to ambrisentan or macitentan. Tapering or overlap is not

required and abrupt switch is tolerated [43-46].
THERAPY IN CHILDREN

Several open label randomised trials have evaluated bosentan in
children age <12 years (Table 8). FDA and European Medicines
Agency (EMA) have approved bosentan for PAH in children older
than 1 year of age at the daily dose of 4 mg/kg [32]. Monthly LFT is
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recommended in children although post marketing surveillance data
shows lower incidence of hepatitis and anaemia in children (<12
years) compared to adults (2.7% vs 7.8%) [6,32] There is insufficient

evidence for ambrisentan and macitentan in this population.
DISCUSSION

Increased receptor affinity and increased lipophilicity was obtained
by replacing the sulfonamide moiety present in bosentan with
a sulfamide moiety. Macitentan has a compact conformation
facilitating deep penetration into the receptor and allowing precise
occupation of a hydrophobic pocket in the ETA receptor. ET1 acts
as a tissular (paracrine or autocrine) factor, therefore an ERA that
can easily penetrate tissue is more potent to increase ET receptor
blockade. Optimization of the ability to target the tissue has been
achieved by optimization of physiochemical properties of the

molecule.
CONCLUSION

Bosentan, ambrisentan and macitentan have been proven to be safe
and effective drugs in the armamentarium for PAH. Ambrisentan
and macitentan are preferable over bosentan in view of their safety
profile, efficacy, better compliance and cost effectiveness. Bosentan
is the only drug in the group proven to be useful for Eisenmenger
syndrome and children in randomised trials until results of several
ongoing trials of other drugs are available. Combination therapy
with ERAs is the recommended regimen for PAH.
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