Drug, Healthcare and Patient Safety

Dove

REVIEW

Safety and tolerability of macitentan in the
management of pulmonary arterial hypertension:

an update

Alexandra K Wong'
Richard N Channick?

'Division of Pulmonary and Critical Care,
Massachusetts General Hospital, Boston,
MA 021 |4, USA; 2Division of Pulmonary
and Critical Care, University of California
Los Angeles Medical Center, Los Angeles,
CA 90095, USA

Correspondence: Alexandra K Wong
Division of Pulmonary and Critical Care,
Massachusetts General Hospital, 55 Fruit
Street, Boston, MA 021 14, USA

Tel +1 617 724 9674

Fax +1 617 726 6878

Email akunin| @partners.org

This article was published in the following Dove Press journal:
Drug, Healthcare and Patient Safety

Abstract: Macitentan is a medication in the endothelin receptor antagonist class, approved for
treatment of pulmonary arterial hypertension in 2013 based on the results of the pivotal
SERAPHIN Trial (Study with an Endothelin Receptor Antagonist in Pulmonary arterial
Hypertension to Improve cliNical outcome). Macitentan was shown in initial trials to reduce
the likelihood of a morbidity/mortality event. Real-world use of this medication additionally
reveals a reduced risk of hospitalizations related to pulmonary arterial hypertension, improved
health-related quality of life scores, potential clinical utility in other conditions (such as chronic
thromboembolic pulmonary hypertension and pulmonary hypertension related to congenital
heart disease), and has a similar safety profile as demonstrated in initial trials.
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Introduction

Pulmonary hypertension (PH) is defined as a mean pulmonary arterial pressure of
greater than 25 mmHg, as measured during right heart catheterization, and encom-
passes a broad range of causes.' Pulmonary arterial hypertension (PAH), or group 1
pulmonary hypertension according to the World Health Organization classification,
is defined as PH without elevation in pulmonary capillary occlusion pressure and
with increased pulmonary vascular resistance, in the absence of lung disease,
chronic thromboembolic pulmonary hypertension (CTEPH), or other rare causes.
PAH can be idiopathic in nature, related to drug or toxin exposure, associated with
other conditions such as connective tissue disease or congenital heart disease, due
to pulmonary veno-occlusive disease, or less commonly heritable in nature.’

The estimates of the prevalence of PAH are variable, but likely in the range of
15-60 cases per million population.’” The prognosis for this condition remains
guarded, with mortality 1 year after diagnosis as high as 21% in patients classified
as highest risk.* Modifying this risk via various methods, including pharmacother-
apy, has important implications for prognosis and survival in these patients.

Pharmacologic therapy for PAH has evolved dramatically over the last two
decades, and there are several classes of medications available for treatment.
Macitentan (OPSUMIT) was approved by the Food and Drug Administration
(FDA) in 2013 after the Study with an Endothelin Receptor Antagonist in
Pulmonary arterial Hypertension to Improve cliNical outcome (SERAPHIN) trial
was published.” Macitentan was the fourth medication in the class of endothelin
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receptor antagonists (ERAs) approved for the treatment of
PAH; however, only three remain approved and available
currently due to the withdrawal of the drug sitaxsentan
from the market in 2010 due to hepatic toxicity. FDA
approval encompasses only group 1 PAH as this was the
study population in the large, randomized controlled trial
SERAPHIN. Its use in other groups of pulmonary hyper-
tension is also under investigation, as will be outlined
later. Other classes of medications include phosphodiester-
ase-5 inhibitors (PDE-51) and prostacyclin pathway agents.
This review will focus specifically on the use and safety of
macitentan over the past 5 years since approval in the
United States and Europe.

Background of the drug/family
Increased tone in the pulmonary vascular bed increases
pulmonary vascular resistance and is a key mechanism for
the development of PAH. The endothelins are an important
class of molecules that regulate vascular smooth muscle,
and their upregulation is one of the key pathways in the
pathogenesis of this disease. Endothelin-1 (ET-1) was the
first peptide discovered in this class in 1988. Since then,
two additional endothelins — endothelin 2 (ET-2) and
endothelin 3 (ET-3) — have been identified which share a
similar molecular structure, but have heterogeneous distri-
bution in various tissues.® There are two receptors for
these molecules: endothelin receptor A (ETy,), expressed
on pulmonary vascular smooth muscle cells, and endothe-
lin receptor B (ETg), expressed on both pulmonary vas-
cular smooth muscle cells and endothelial cells. These
receptors bind circulating endothelin peptides with slightly
different affinities and appear to function somewhat dif-
ferently in a normal compared to a pathologic state.
Production of ET-1 can be rapidly up- or downregu-
lated by vascular endothelial cells to tightly regulate vas-
cular tone.” When this peptide binds the ET, receptor in
the pulmonary vascular smooth muscle cells, a potent
vasoconstrictive effect occurs through a pathway that ulti-
mately results in the release of intracellular calcium. The
presence of calcium and the resultant vasoconstriction
persist even after ET-1 is no longer bound to the ET,
receptor.® Under normal physiological circumstances, acti-
vation of the ETg receptor by ET-1 on endothelial cells
predominantly results in vasodilation (via nitric oxide and
prostacyclin pathways), negative feedback and downregu-
lation of ET-1 production, and clearance of ET-I.
Activation of the ETg receptor also results in a small

amount of vasoconstriction given its presence on

pulmonary vascular smooth muscle cells. Under certain
circumstances, particularly in the presence of pulmonary
hypertension, the vasoconstrictive effect of the ETy recep-
tor may be enhanced/upregulated.’

Similarly, increased serum concentrations of ET-1 and
increased presence of ET-1 in the pulmonary arterial
smooth muscle cells have been demonstrated in several
forms of PH.'"!!" One study by Giaid et al assessed lung
tissue from 15 controls, 11 patients with plexogenic pul-
monary arteriopathy (7 of whom had a clinical diagnosis
of group 1 PAH), and 17 patients with secondary causes of
pulmonary hypertension.'' Immunohistochemical analysis
was performed to evaluate the expression of endothelin-1
in the vascular tissue. Their evaluation revealed little
endothelin-1-like reactivity in the control groups but
showed increasing reactivity in the patients with secondary
pulmonary hypertension, and the most in the patients with
plexogenic pulmonary arteriopathy. This study revealed
evidence of increased endothelin-1 in vascular tissue in
patients with pulmonary hypertension. Subsequent studies
demonstrated that ETA and ETB receptors contribute to
the proliferation of pulmonary arterial smooth muscle cells
in-vitro, which is likely related to vascular remodeling in
the pathogenesis of pulmonary hypertension.'” ERAs thus
became a clear pharmacologic target for the treatment of
pulmonary hypertension.

Several animal models were developed to assess and
prove the favorable effect of ERAs in the pathogenesis of
pulmonary hypertension. One study compared the effect of
an ET, antagonist to a nonselective ET, 5 antagonist in a
rat model of pulmonary hypertension, induced by the
administration of monocrotaline.'® In this model, the ET,
receptor antagonsist-treated rats had a two-fold increased
survival compared to the untreated PH model. In those rats
treated with the dual ERA, there was an additional 10%
improvement in survival. Furthermore, these rats experi-
enced a reduction in right ventricular hypertrophy, an
effect not seen with the selective ET, antagonist.
However, there was no difference in the right ventricular
systolic pressure (measured directly in surviving rats) or in
a measure of the resistive properties of the lungs between
the selective and nonselective groups.'® Both agents
appeared to be effective in the treatment of a rat model
of pulmonary hypertension, spurring further study in
humans.

The first medication for the management of pulmonary
hypertension targeted to block vasoconstriction mediated
by the endothelin pathway was bosentan (TRACLEER),
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approved by the FDA in 2001. Bosentan is a dual ERA,
blocking the effect of ET-1 on both ET, and ETg. In
several randomized controlled studies, bosentan revealed
improvement in patient exercise capacity, pulmonary vas-
cular resistance, and time to clinical worsening compared
to placebo. Ambrisentan (LETAIRIS), approved by the
FDA in 2007, has affinity predominantly to the ET,
receptor and was shown in two concurrent randomized
trials to also improve exercise capacity and increase the
time to clinical worsening. As noted earlier, sitaxsentan,
also a selective ET, receptor antagonist, was pending FDA
evaluation but was withdrawn from marketing and clinical
study in 2010 due to fatal liver damage. Finally, maciten-
tan (OPSUMIT) is the second dual ERA and was approved
in 2013.

Mechanism

As noted earlier, macitentan is the second dual ERA avail-
able for the treatment of pulmonary arterial hypertension
(Figure 1)."° It has a stronger affinity for the lipid phase as
compared to other ERAs, thus promoting tissue penetra-
tion. Macitentan is metabolized into its active form in the
liver. Peak concentration is reached in 8 hrs, and the half-
life is 16 hrs for the parent compound but 48 hrs for the
active metabolite.'® It differs from its dual ERA predeces-
sor, bosentan, by demonstrating prolonged and enhanced
attachment to the ET, and ETp receptors, as well as
increased penetration into the pulmonary arterial smooth
muscle, suggesting the potential for improved clinical
efficacy.'”'® Further, the pharmacokinetic profile of maci-
tentan allows for once-daily dosing, as opposed to twice
daily for bosentan.'” Due to the prolonged binding and
slower dissociation of the macitentan molecule to its
receptors (15 to 20 times longer receptor binding as com-
pared to prior ERAs), it is thought that this medication
maintains its effect even in the presence of very high ET-1
concentrations.'® In addition, in an animal model of pul-
monary hypertension, treatment with macitentan did not
result in increased plasma bile salt concentrations, thought
to be the mechanism of liver function test abnormalities
with bosentan.?® Lastly, pharmacokinetic studies suggest
that bosentan decreases the plasma concentration of silde-
nafil when prescribed as a second agent for pulmonary
hypertension, whereas no such effect has been seen with
macitentan.?'>*> With the earlier preliminary data support-
ing efficacy and safety of macitentan, two randomized
placebo-controlled trials were performed.

Endothelin-1 pathway

Big endothelin-1

ECEs
Ambrisentan Endothelin-1
&

4
ETe receptor \ f !' ETe receptor

Bosentan

Macitentan

Vasoconstriction

? Proliferation

Figure | The endothelin pathway. Endothelin-| and the endothelin receptor path-
way. Dual endothelin receptor antagonists, such as macitentan, block the binding of
endothelin-1 to both the ET, and ETg receptor and block the downstream vaso-
constricting effects. Reproduced from Lai YC, Potoka KC, Champion HC, et al.
Pulmonary arterial hypertension: the clinical syndrome, Circulation Research, |15, 1,
115-130, https://www.ahajournals.org/.'®

Abbreviations: ECE, endothelin-converting enzymes; ET, endothelin.

Evidence from clinical trials

The Macitentan USe in an Idiopathic Pulmonary Fibrosis
Clinical (MUSIC) trial randomized patients from 2009 to
2011 with a relatively new diagnosis (<3 years) of idiopathic
pulmonary fibrosis (IPF) to 10 mg daily of macitentan or
placebo. The primary endpoint was a change in forced vital
capacity (FVC) at 12 months; however, the safety and toler-
ability of macitentan over a prolonged period of time in that
patient population were also of interest. While macitentan
was not shown to have an effect on FVC in patients with IPF,
the treatment group was maintained on macitentan for a
median of 14.5 months, with 91 patients undergoing treat-
ment with macitentan for greater than 12 months. Overall,
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the MUSIC trial suggested that macitentan was well tolerated
at the 10 mg daily dosing for several months of treatment.”*

The SERAPHIN trial, published in 2013, enrolled 742
patients in 39 countries and 151 centers to investigate
whether long-term therapy with macitentan reduces mor-
bidity and mortality in patients diagnosed with PAH. This
trial randomized patients in a 1:1:1 fashion to placebo, 3
mg daily of macitentan, or 10 mg daily of macitentan,
respectively. Kaplan—Meier curves for the composite pri-
mary endpoint in this study (first event related to PAH or
death from any cause) revealed a significant treatment
effect of macitentan at a once-daily dose of 10 mg com-
pared to placebo, with a 45% reduction of morbidity and
mortality events. PAH-related events were defined as wor-
sening PAH, need for IV or subcutaneous prostacyclin
medication, lung transplant, or the need for atrial septost-
omy. To meet criteria for “worsening PAH”, patients
needed to demonstrate a decrease in 6-min walk test of
15% from baseline, worsening symptoms of PAH, and the
need for additional treatment for PAH. As part of a sec-
ondary endpoint analysis, it was found that patients treated
with 10 mg macitentan daily also experienced improve-
ment in their World Health Organization (WHO) func-
tional class and 6-min walk tests. In addition, the rate of
a combined secondary endpoint of death or hospitalization
due to PAH was reduced by 50% in the 10 mg macitentan
group. Macitentan was well tolerated with few adverse
events (see below for details).” It is on the basis of these
studies that FDA approval was obtained for macitentan for
the treatment of pulmonary arterial hypertension. The ran-
domized clinical trials that have been performed with the
use of macitentan will be discussed and are summarized in
Table 1.

Effect on hospitalizations

Since the publication of the SERAPHIN Trial, additional
analyses of that data have been reported. One such pub-
lication describes in detail the composite secondary end-
point of death or hospitalization due to PAH, as the
reduction by 50% in this endpoint was driven mainly by
a reduction in hospitalization.?> Throughout the duration
of the trial, 117 patients in the placebo arm, 104 patients in
the 3 mg macitentan arm, and 90 patients in the 10 mg
macitentan arm were hospitalized for any reason. The risk
of all-cause hospitalization was reduced by 32.3% in the
10 mg macitentan group as compared to placebo. In addi-
tion to a reduction in the rate of hospitalization, there was
also a reduction in the average number of hospital days

from 4.1 days in the placebo group to 2.8 days in the 10
mg macitentan group - a 31% reduction. There were 80
patients in the placebo arm, 53 in the 3 mg arm, and 46 in
the 10 mg arm who were hospitalized due to PAH. The
risk of PAH-related hospitalization was reduced by 49.8%
in the 10 mg macitentan group compared to placebo
(Figure 2). There was a 52.3% reduction in the average
number of PAH-related hospital days in the 10 mg maci-
tentan group as compared to placebo. Overall, macitentan
decreased the rates of PAH-related and all-cause hospita-
lizations and did not increase the rates of non-PAH-related
hospitalization.

Hemodynamic effects of macitentan

A total of 187 patients in SERAPHIN underwent right
heart catheterization at baseline and at 6 months as part
of a sub-study to evaluate the hemodynamic effects of
macitentan and to investigate the association between
hemodynamics and disease progression in the macitentan
and placebo groups.?® Cardiac index (CI), mean pulmon-
ary arterial pressure (mPAP), pulmonary vascular resis-
tance (PVR), and NT-pro BNP were measured at
baseline and at the 6-month time point. There was a sig-
nificant improvement (reduction in mPAP, PVR, and BNP
and increase in CI) in all parameters at 6 months in the 10
mg macitentan group compared to placebo. This study also
determined thresholds of cardiac index, right atrial pres-
sure, and NT-proBNP that predicted the risk of a primary
endpoint event (ie, morbidity or mortality event). At 6
months, there was a 51% reduction in the primary end-
point in patients with a cardiac index greater than 2.5 L/
min/m?. There was a 28% reduction in patients with a right
atrial pressure less than 8 mmHg. Lastly, there was an
impressive 78% reduction in the primary endpoint in
patients with NT-proBNP less than 750 fmol/mL at 6
months. Patients were more likely to have achieved these
favorable thresholds at 6 months if they were in the 10 mg
macitentan group as compared to placebo.

Health-related quality of life

As part of the SERAPHIN Trial, the 36-item Short Form
Survey (SF-36) was administered to patients aged 14
years or older at the time of enrollment, 6 months, 12
months, and at the end of study visit. It was found that
patients treated with macitentan had an improvement in
their health-related quality of life at 6 months and had a
reduced risk of deterioration in their quality of life score
over their enrollment period.’’ The SF-36 categorizes
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——— Placebo

——— Macitentan 3 mg
50 1 ——— Macitentan 10 mg

Patients with event [%]

12

0 6
Patients at risk
Placebo 250 188 155
Macitentan 3 mg 250 208 181
Macitentan 10 mg 242 203 183

18 o4 Months from

30 36 treatment start
132 119 62 22
159 144 77 31
166 152 86 39

Figure 2 Effect of macitentan on PAH-related hospitalizations. The effect of macitentan 10 mg daily, 3 mg daily, and placebo on the rate of hospitalization due to pulmonary
arterial hypertension (PAH). Macitentan at 10 mg daily showed a 49.8% reduction in PAH-related hospitalizations compared to placebo. Reprinted from JACC Heart Fail, 3, |,
Channick RN, Delcroix M, Ghofrani HA, et al, Effect of macitentan on hospitalizations, 1-8, Copyright (2015), with permission from Elsevier.?®

final “domain” scores (physical functioning, limitations
due to physical health, limitations due to emotional
health, mental health, bodily pain, general health percep-
tions, vitality, social functioning) into a physical compo-
nent summary (PCS) score and a mental component
summary (MCS) score, which are then normalized to
the US general population from a 1998 survey. Patients
with PAH have a PCS score that is greater than 1 standard
deviation below population norms, and more than one-
quarter of PAH patients experience depression, anxiety,
or stress.”® The absolute change between baseline and
month 6 SF-36 scores was a pre-specified secondary end-
point within the SERAPHIN trial. Limited data were
available at month 12 and the end of the trial, and the
timing of the end-of-trial time point varied between
patients making comparison to baseline potentially inac-
curate. Instead, post-hoc analyses of trial data evaluated
the time to a significant decline in SF-36 in macitentan
treated patients vs placebo. A three-point decline in MCS
or PCS was considered to be the minimally important
difference. At 6 months, both the 3 mg and 10 mg
macitentan groups experienced improvement in seven of
the eight health domains as opposed to the placebo group,
which experienced deterioration in both domain and phy-
sical and mental component scores. In addition, both the
10 mg macitentan dose and 3 mg macitentan dose sig-
nificantly reduced the risk of a meaningful decline in the
SF-36 scores until the end of treatment compared to

placebo (Figure 3). The 10 mg dose of macitentan
decreased the risk of significant PCS score deterioration
by 40% and significant MCS score deterioration by 24%,
which is paralleled by the drugs’ effect in delaying dis-
ease progression.

Use in group 2 pulmonary hypertension

The largest group of patients with pulmonary hyperten-
sion worldwide are those with pulmonary hypertension as
a result of left heart disease or those people classified as
WHO group 2. Thus, finding additional therapies that
may benefit these patients is of utmost importance given
their significant symptom burden and poor prognosis. In
attempts to determine whether macitentan is effective in
this population, the Macitentan in subjects with combined
prE- and post-capiLlary pulmOnary hypertension due to
left ventricular Dysfunction (MELODY-1) trial was
performed.”® Patients with heart failure have elevated
levels of circulating ET-1, making ERAs a possible ther-
apeutic option. Previous studies in this population were
not enriched for a population with a pre-capillary com-
ponent, and thus had not shown benefit and suggested
possible worsening of both peripheral edema and heart
failure. This trial included patients with an elevated pul-
monary capillary wedge pressure (PCWP, between 15 and
25 mmHg), elevated mean pulmonary artery pressure
(mPAP, greater than 25 mmHg) as well as an increased
pulmonary vascular resistance (PVR, greater than 3
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% of patients without the event

20 1[Ppiacebo
10 4 |~~~ Macitentan 3 mg log rank P: .0026, HR (95% CIl): 0.71 (0.56-0.89)
Macitentan 10 mg| log rank P: < .0001, HR (95% Cl): 0.60 (0.47-0.76)
L e T T
0 6 12 18 24 30 36

Patients at risk Months from treatment start
Placebo 239 172 116 92 82 44 15
Macitentan 3 mg 237 194 148 126 111 58 23
Macitentan 10 mg 234 189 146 122 109 71 33

B 100
90 +
T 80
o
() 70 ]
£
5 60+
2
= 50
[2]
€ 404
Q2
T 30
S
* 20 1 —— Placebo
10 4 [~~~ Macitentan 3 mg log rank P: .0395, HR (95% ClI): 0.79 (0.64-0.99)
Macitentan 10 mg| log rank P: .0173, HR (95% CI): 0.76 (0.61-0.95)
o+
0 6 12 18 24 30 36
Patients at risk Months from treatment start
Placebo 239 167 115 81 74 41 16
Macitentan 3 mg 237 187 135 107 96 55 21
Macitentan 10 mg 234 182 123 102 95 57 27

Figure 3 Time to significant decline in SF-36 score for macitentan (10 mg, 3 mg) vs placebo. Time to a significant decline in the SF-36 COMPONENT score. Overall, the 10
mg macitentan dose and 3 mg macitentan dose both significantly reduced the risk of a meaningful decline in the SF-36 scores until the end of treatment compared to placebo:
Panel A displays the meaningful decline in the physical component score, Panel B depicts the meaningful decline in the mental component score. Reprinted from Chest, |51, I,
Mehta S, Sastry BKS, Souza R, et al, Macitentan improves health-related quality of life for patients with pulmonary arterial hypertension, 106—I 18, Copyright (2017), with

P . 7
permission from Elsevier.”

Woods Units) and a diastolic pressure gradient (DPG)
greater than 7 mmHg. A total of 63 patients were rando-
mized to macitentan (10 mg daily) or placebo for a total
of 12 weeks. The primary endpoint was a composite of
significant fluid retention or worsening NYHA functional
class at the end of treatment. Changes in NT-pro BNP and
hemodynamics at the end of the trial were included as
exploratory endpoints. Within the first month of treat-
ment, patients in the macitentan arm had significantly

more fluid retention than those in the placebo arm.
There appeared to be a significant reduction in 6-min
walk distance(6MWD) in patients in the macitentan
arm. There was no difference at 12 weeks in PVR,
mean right atrial pressure, PCWP, NT-proBNP, or cardiac
index. More patients in the macitentan arm experienced
serious adverse events, including hospitalization for heart
failure, drug discontinuation, and anemia. Despite its
small lack of formal

study population, power
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calculations, and short study duration, MELODY-1 sug-
gests that macitentan is not effective in patients with
group 2 pulmonary hypertension and its use results in
increased adverse events.

Use in chronic thromboembolic

pulmonary hypertension

After the benefits of macitentan in group I pulmonary
hypertension were elucidated, interest naturally shifted to
its use in other types, namely in PH due to chronic throm-
boembolic disease (CTEPH). The Macitentan in thE
tReatment of Inoperable chronic Thromboembolic pul-
monary hypertension (MERIT-1) trial sought to evaluate
the efficacy and safety of using macitentan in patients with
inoperable CTEPH, including in those patients already on
background therapy for pulmonary hypertension.*® A total
of 80 patients who were deemed to have inoperable
CTEPH were randomized to receive 10 mg macitentan
daily versus placebo. Patients were required to have
WHO functional class II-IV at the time of enrollment,
6MWT between 150 and 450 m, mPAP>25 mmHg, pul-
monary capillary wedge pressure<l5 mmHg, and
PVR>400 dyn*s/cm’. Those patients with WHO func-
tional class III or IV were allowed to be on background
therapy with PDE-5i or inhaled or oral prostanoid therapy.
L-arginine or riociguat was not allowed as background
therapies for the purposes of enrollment. Patients were
monitored for 24 weeks, with RHC performed at baseline
and at week 16. The majority of enrolled patients were in
WHO functional class III, and thus on background therapy,
mostly consisting of PDE-5i therapy. After 16 weeks of
therapy, patients receiving 10 mg macitentan had a 27%
reduction in their PVR compared to baseline pre-treatment
values, indicating a significant treatment effect compared
to the placebo arm. Data obtained at this time point also
revealed a significant improvement in cardiac output and
cardiac index in the treatment arm. After 24 weeks of
therapy, there was a significant increase in the 6MWD as
well as a significant decrease in NT-proBNP levels.
Adverse events and side effects were similar in this popu-
lation as in larger prior studies. Peripheral edema and
anemia were more common in the treatment group, and 2
patients in the placebo arm discontinued the drug due to
adverse events. There was no evidence of hypotension as
an adverse event in the treatment arm, which is a known
side effect of riociguat, the approved therapy for medical
management of CTEPH.>'

Congenital heart disease

Medical therapy for the treatment of PAH related to con-
genital heart disease is approached similarly to treatment
of PAH due to other causes. However, data supporting the
use of PDE-5i, ERAs, and prostacyclins are limited. Prior
to macitentan, the only randomized, double-blind, pla-
this
Bosentan Randomized Trial of Endothelin Antagonist
THErapy-5 (BREATHE-5), which evaluated the effect of
bosentan on patients with Eisenmenger syndrome who

cebo-controlled study in population was the

were treatment naive and WHO functional class III with
simple cardiac defects.®* This study suggested that bosen-
tan improved hemodynamics and exercise capacity and
was well tolerated in this population. In a similar vein,
the MAcitentan in Eisenmenger Syndrome To RestOre
exercise capacity (MAESTRO) study was recently pub-
lished evaluating the safety and efficacy of macitentan in
patients with PAH due to Eisenmenger syndrome.>* Unlike
BREATHE-5, MAESTRO included patients with both
simple and complex congenital heart disease, functional
class II or III, on background therapy with PDE-5i, as well
as patients with Down syndrome, as this demographic
makes up 20% of the patients with Eisenmenger
syndrome.

In MAESTRO, patients were randomized to maciten-
tan or placebo and followed for a total of 16 weeks. The
primary outcome was a change in 6MWD at the end of the
study period. Secondary endpoints included a change in
WHO functional class and dyspnea. Other parameters
evaluated as exploratory endpoints included NT-proBNP
and SpO, changes. Some patients were included in a
hemodynamic substudy, where pulmonary vascular resis-
tance, mPAP, mean right atrial pressure, the ratio of pul-
monary to systemic blood flow (Qp/Qs), and systemic
vascular resistance were assessed after 16 weeks of treat-
ment. In total, 226 patients were randomized, 40 of whom
were also in the hemodynamic substudy. There was no
difference in the primary endpoint between the two groups
at the end of the study, nor was there a difference in WHO
functional class, Borg Dyspnea scores, or oxygen satura-
tion at the end of the trial. However, the improvement in
6MWD in patients with Eisenmenger’s syndrome was
much less pronounced than the improvement seen with
this group of patients in the BREATHE-5
MAESTRO saw a significant improvement in 6MWD in
patients in the placebo group; the reason for this is unclear

trial.

and likely multifactorial, but certainly had an impact on
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the failure to show a significant difference in the primary
endpoint. The macitentan group did have a significant
reduction in NT-proBNP levels compared to the placebo
group. In the hemodynamic substudy group, there was a
decrease in PVR in the treatment group. Macitentan was
well tolerated by this group of patients from a safety
standpoint and had a similar adverse event profile as in
prior studies. Namely, the rates of headache, upper respira-
tory tract infection, and bronchitis were increased. The
rates of peripheral edema were similar between the two
groups. There was a decrease in hemoglobin in patients
receiving macitentan; however, as there was no change in
oxygen saturation or Qp/Qs, it was not felt that this decline
influenced the primary endpoint. Overall, this study sug-
gests that macitentan is safe to use in a diverse group of
patients with Eisenmenger syndrome, though failed to
show an effect on 6MWD at a 14-week follow-up. Prior
to the publication of this large trial, there were only some
reports of the transition of patients with PAH related to
congenital heart disease from bosentan (based on
BREATHE-5) to macitentan (based on SERAPHIN),
which was well tolerated (see below).

Comparison to other ERAs

No head-to-head comparison of the efficacy of one ERA
compared to another has been performed. Each of the
ERAs has been compared to placebo, but none of the
approved medications in this class have been compared
to one another. Thus, making an assessment of the ben-
efits of one agent over another is challenging. An attempt
to explore this question was made by Duo-Ji and collea-
gues in the performance of a network meta-analysis to
compare the ERAs with the hopes of determining the
most effective therapy for PAH in this class of drugs.**
As each included trial was designed differently, the
authors used common outcome endpoints of 6MWD and
clinical worsening as the primary efficacy indicators for
comparison, and serious adverse events, death, and all-
cause discontinuation as the acceptability outcomes for
comparison. Traditional meta-analysis suggested that all
ERAs improved 6MWD significantly compared to pla-
cebo, with bosentan suggesting the strongest effect. Only
bosentan and ambrisentan revealed a reduced risk for
clinical worsening in the comparison of odds ratios, and
ambrisentan alone suggested a significantly reduced rate
of all-cause discontinuation. Again, however, these com-
parisons were of each agent to placebo rather than a
comparison of the agents to one another. Mixed treatment

comparisons were performed to compare one agent to
another. In this analysis, macitentan outperformed bosen-
tan in a direct comparison of 6MWD. The other agents,
when compared directly using Bayesian statistical meth-
ods, did not suggest superiority of one over another with
regards to 6MWD or clinical worsening.

While potentially interesting, the above analysis does
not replace direct comparison of the agents in a rando-
mized controlled fashion. Thus, it is impossible to con-
clude that one ERA is superior to another. However, it is
important to note that the SERAPHIN trial is the only
study that assessed the effect of the drug for a long period
of time (greater than 80 weeks) with clinically important
endpoints of PAH-related morbidity and mortality. Other
trials of ERAs have been short-term assessments on the
order of 12 weeks and looked at endpoints such as
6MWD.

Safety and tolerability

Adverse events in clinical trials

As noted earlier, the MUSIC trial enrolled a total of 178
patients, 91 of whom completed more than 12 months of
daily therapy with macitentan. Adverse events in this trial,
which included IPF worsening, respiratory failure, pneu-
monia, and hypoxia, were similar between the macitentan
and placebo group. In the SERAPHIN trial, similar num-
bers of patients in the three treatment groups (placebo, 3
mg macitentan, and 10 mg macitentan) discontinued the
study drugs due to undesired adverse effects. The most
frequently occurring adverse events across all treatment
arms included worsening of PAH, upper respiratory infec-
tion, peripheral edema, nasopharyngitis, right ventricular
failure, headache, anemia, dizziness, bronchitis, dyspnea,
and cough. Rates of headache (8.8% placebo, 13.2% 3 mg,
13.6% 10 mg), nasopharyngitis (10.4% placebo, 14.8% 3
mg, 14% 10 mg), bronchitis (5.6% placebo, 8% 3 mg,
11.6% 10 mg), and anemia (3.2% placebo, 8.8% 3 mg,
13.2% 10 mg) were increased in the macitentan treatment
groups and one patient in each group discontinued the
drug due to anemia. The most common side effects and
adverse reactions to the ERA class of medications are
abnormalities in aminotransferase levels, peripheral
edema, and anemia, and these are discussed in detail

later (Figure 4).

ALT/AST elevation
In the Phase II MUSIC Trial, the rates of aminotransferase
elevations greater than three times the upper limit of normal
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Variable

Patients with 21 adverse event — no. (%)
Patients with 21 serious adverse event — no. (%)
No. of adverse events
Adverse event — no. of patients (%) t
Worsening of pulmonary arterial hypertension 1
Upper respiratory tract infection
Peripheral edema
Nasopharyngitis
Right ventricular failure+
Headache
Anemia
Dizziness
Bronchitis
Dyspnea
Cough
Laboratory abnormality — no.of patients/total no. (%)

Alanine aminotransferase or aspartate amino-
transferase >3x ULN

Alanine aminotransferase or aspartate amino-
transferase >3x ULN and bilirubin >2x ULN

Hemoglobin <8 g/dI

Placebo Macitentan, 3mg  Macitentan, 10 mg
(N=249) (N=250) (N=242)
240 (96.4) 240 (96.0) 229 (94.6)
137 (55.0) 130 (52.0) 109 (45.0)
1365 1614 1446
7 (34.9) 75 (30.0) 53 (21.9)
3 (13.3) 50 (20.0) 37 (15.3)
5(18.1) 40 (16.0) 44 (18.2)
6 (10.4) 37 (14.8) 34 (14.0)
6 (22.5) 37 (14.8) 32(13.2)
22(8.8) 33(13.2) 33 (13.6)
8(3.2) 22 (8.8) 32(13.2)
27 (10.8) 24 (9.6) (10 7)
4 (5.6) 20 (8.0) 8 (11.6)
2(8.8) 26 (10.4) 8(7.4)
0 (12.0) 20 (8.0) 21(8.7)
11/244 (4.5) 9/247 (3.6) 8/236 (3.4)
4/237 (1.7) 5/241 (2.1) 4/230 (1.7)
1/237 (0.4) 4/241 (1.7) 10/230 (4.3)

Figure 4 Adverse events, abnormalities in liver function tests and hemoglobin. Adverse events in the placebo, 3 mg, and 10 mg arms in the SERAPHIN trial, as well as rates
of liver function abnormalities and anemia. From New England Journal of Medicine, Pulido T, Adzerikho I, Channick RN, et al, Macitentan and morbidity and mortality in
pulmonary arterial hypertension, 369, 9, 809-818. Copyright © (2013) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.®

were similar between groups. In SERAPHIN, such amino-
transferase elevations were also similar between the three
4.5% of the patients in the
placebo group, 4% in the 3 mg macitentan group, and 3.4%

treatment groups.?’ Interestingly,
in the 10 mg macitentan group had these elevations of
aminotransferases — rates decreasing as the dose of the
drug increased, possibly highlighting a treatment effect. It
has been hypothesized that this may be due to improved
treatment of PAH and thus reduction in the rates of con-
gestive hepatopathy with increasing doses of macitentan.
The number of patients with an elevation of total bilirubin
twice the upper limit of normal and aminotransferase eleva-
tion three times the upper limit of normal was the same
across treatment groups. This pattern of elevation occurred
in 1.7% of the patients treated with placebo, 2.1% of the
patients in the 3 mg macitentan group, and 1.7% of the 10
mg macitentan group, suggesting that increasing doses of
macitentan does not increase the risk for significant drug-
induced liver injury. These rates of liver test abnormalities
are similar to rates seen with the use of ambrisentan, and a

significantly lower risk as compared to bosentan.*> The
mechanism behind the development of hepatotoxicity is
somewhat unclear. In in-vitro studies, it is suggested that
the majority of the hepatotoxicity is a result of the ETg
receptor antagonism, which results in severe cholestasis by
an effect on several hepatobiliary transporters. There also
appears to be enhanced portal sinusoid constriction, which
The effect on
the ETg receptor cannot be the sole mechanism for hepato-

further compounds the issue of cholestasis.*®

toxicity, however, as sitaxsentan was 6500 times more
selective for the ET, receptor and was removed from the
market for fatal hepatotoxicity. As noted earlier, the
SERAPHIN trial did not reveal an increased rate of liver
toxicity in patients treated with macitentan compared to
placebo.

Peripheral edema

The MUSIC Trial revealed that the macitentan group had
increased rates of peripheral edema compared to the pla-
cebo group, which is a previously known effect of the
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ERA class of drugs.”* In MUSIC, 11.8% of the treated
patients versus 6.8% of the placebo-treated patients devel-
oped peripheral edema. Interestingly, in SERAPHIN, the
rates of peripheral edema were similar among the three
treatment groups, all approximately 20%. Peripheral
edema was decreased in patients with WHO functional
class III or IV disease treated with 10 mg daily of maci-
tentan as compared to placebo, as well as in patients who
were already receiving PAH treatment (with PDE-5i pre-
dominantly). Conversely, in patients age >65, the occur-
rence of peripheral edema was increased in those treated
with macitentan as opposed to placebo. Nevertheless,
these rates of peripheral edema are lower than seen with
the other ERAs available in the United States.>> A large
meta-analysis of 24 randomized trials looking at the clin-
ical safety of ERAs was published in 2016 and suggested
that the rates of peripheral edema are increased with the
use of both bosentan and ambrisentan compared to placebo
but that in real-world use this may not be the case with
macitentan (RR 1.08).” The exact mechanism for the
development of peripheral edema is unknown. Peripheral
edema appears to be more pronounced in ERAs selective
to the ET, receptor.’® One possible mechanism of this
appears to be activation of plasma vasopressin via stimu-
lation of the uninhibited ETg receptors, resulting in
increased plasma volume.*® Another proposed mechanism
involves increased sodium retention in the renal collecting
duct with blockade of the ET5 and ETg receptors, result-
ing both in hypertension and fluid retention in knock-out
mouse models.*” Of note, in a post-hoc analysis of patients
who developed peripheral edema while taking ambrisen-
tan, there was a significant reduction in brain natriuretic
peptide (BNP) both in patients who developed edema and
in those who did not, suggesting perhaps that the mechan-
ism for edema is not related to cardiac dysfunction.*' It is
as yet unknown if a similar effect on BNP is seen with
macitentan use.

Anemia

The development of anemia has been an observed effect
with prior ERAs, and this too was seen with the use of
macitentan in both the MUSIC (10.9% vs 0% in the maci-
tentan vs placebo groups) and SERAPHIN trials. The effect
was dose-dependent in SERAPHIN, with worsening anemia
with increasing doses of macitentan, hemoglobin stabiliza-
tion by 12 weeks of therapy, and reversibility of anemia
when the drug was discontinued.*>*® Anemia was an
adverse event for 13.2% of the patients in the 10 mg

group, and severe anemia was the cause for drug disconti-
nuation for one patient in each of the treatment arms.
Patients who experienced a significant decline in their
hemoglobin to levels <10 g/dL often had a personal history
of anemia or experienced this decline in the setting of
clinically relevant events such as bleeding, vitamin/mineral
deficiency, or renal failure. There is no bone marrow toxi-
city resulting in impaired red blood cell production, nor is
there increased destruction via hemolysis to explain the
anemia observed with macitentan or the other ERAs.
Anemia is hypothesized to be mostly related to an increase
in plasma volume.*

Post-marketing reported adverse events
Following initial “new drug application” approval of maci-
tentan in the United States, the FDA required the creation of
a registry of patients prescribed macitentan, to be followed
for at least 1 year.* Thus, the Opsumit Users (OPUS)
registry was created in April 2014 to be a large (5000
patients) observational cohort study of patients newly pre-
scribed macitentan in the real-world setting. The estimated
completion date for this registry is in the summer of 2019,
and thus final data are not yet available.** However, several
abstracts have been presented to begin to summarize some
of the findings in this large registry.

One- and two-year follow-up data published in abstracts in
2015, 2016, and 2017, suggested that the rate of adverse events
was similar to that seen in the clinical trial setting. The rate of
liver-related adverse events in these reports was around 3%,
and the other most common adverse events were dyspnea and
peripheral edema. These adverse events were the most com-
mon reason for drug discontinuation, which was in the range
of 15-20%. Of 718 patients, 15 patients experienced hepatic
adverse events that were deemed to be of special interest; each
of these events was evaluated by the Independent Liver Safety
Data Review Board and were all felt to be unrelated to maci-
tentan treatment (Figure 5).** These reports also suggested that
the majority of the use of macitentan was as combination
therapy, most commonly with PDE-5i, and was well
tolerated.***

A report of the subset of patients with PAH related to
systemic sclerosis suggested that macitentan was also well
tolerated in this subgroup. There was a lower rate of drug
discontinuation in this subgroup, though the rates of
adverse events of dyspnea and peripheral edema were
slightly higher as compared to the PAH cohort as a
whole. Patients with PAH related to systemic sclerosis
had similar rates of hepatic dysfunction and PAH-related
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Variable
Patients with = 1 AE, n (%)

Rate of first AEs - per 1 person-year (95% CI)
AEs resported by = 5% of patients, n (%)

Dyspnea

Edema peripheral

Headache

Patients with = 1 hepatic AE* - n (%)

Rate of first hepatic AEs - per 1 person-year

(95% ClI)

Liver enzyme elevations - n, total events
AST levels = 3 times ULN

ALT levels = 3 times ULN

Bilirubin levels = 2 times ULN

n=718
412 (57.4)
1.87 (1.70, 2.06)

93 (13.0)

55 (7.7)

38 (5.3)

28 (3.9)

0.07 (0.05, 0.11)

10 events in 8 patients
8 events in 8 patients
14 events in 11 patients

*Hepatic AEs of spedal interest occurred in 15 patients; all were reviewed by
the independent liver safety data review board and found to be unrelated to
macitentan treatment. AE: adverse event, AST: aspartate aminotransferase, ALT:
alanine aminotransferase, ULN: upper limit of normal.

Figure 5 Rates of adverse events and liver function abnormalities with the use of macitentan in a real-world setting. Data from the OPUS registry evaluating adverse events
and liver function test abnormalities with the use of 10 mg daily of macitentan in a real-world setting. Reprinted from The Journal of Heart and Lung Transplantation, 36, 4, Kim
NH, Bergmark BA, Zelniker TA, et al, OPUS registry: safety and tolerability of macitentan in a real-world setting, $20-521, Copyright (2017), with permission from Elsevier.**

hospitalization compared to the overall cohort.*® A gender
subgroup analysis suggested that survival is better in
female patients.*’

Pregnancy outcomes

The guidelines for administration of macitentan require
that female patients of reproductive potential have a nega-
tive pregnancy test prior to initiation of macitentan and
then monthly while undergoing treatment. It is required
that women utilize a reliable form of contraception during
and for 1 month following cessation of treatment. There is
also some evidence in animal models that macitentan may
cause abnormalities in spermatogenesis which could be
transmitted to a fetus.’® At all doses tested, macitentan
caused cardiovascular abnormalities and mandibular arch
fusion abnormalities in rabbit and rat fetuses. At 5 times
the human exposure dose, macitentan reduced fetal survi-
val and offspring reproductive potential when adminis-
tered to female rats. At 218 times the human exposure
dose, macitentan caused fetal death in rabbits.>!

Tolerability

Switch to macitentan from other ERA

With available data suggesting decreased side effects, once
daily dosing, reduction in lab monitoring, and fewer drug—

drug interactions with macitentan as opposed to bosentan,
one study describing the patient tolerability of a direct
switch from one agent to the other was published.’® This
was a retrospective assessment of 24 patients who
switched from bosentan to macitentan over a two-year
period. Patients were instructed to take their first maciten-
tan dose 12 to 24 hrs after their last bosentan dose. In this
group of patients, 6 had idiopathic PAH, 7 related to
underlying connective tissue disease, 5 related to congeni-
tal heart disease, 2 had PAH related to anorexigen use, 2
had PH following pulmonary thromboendarterectomy for
CTEPH, and 2 had portopulmonary hypertension. Data
were obtained just prior to the switch and at a 6-month
follow-up visit, and included 6MWD, assessment of func-
tional class, hemodynamics as assessed by echocardiogra-
phy, laboratory monitoring (BNP, aminotransferase levels)
as well as monitoring of side effects. 6MWD was
unchanged, as was the Borg dyspnea score and oxygen
saturation. WHO functional class remained unchanged
except in two patients, one of whom had improvement in
functional class and the other with deterioration. BNP and
liver function testing remained stable. The presence
of lower extremity edema remained unchanged.
Hemodynamic parameters of right atrial pressure, cardiac

output, cardiac index, right ventricular systolic pressure, or

82 submit your manuscript

Dove

Drug, Healthcare and Patient Safety 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Wong and Channick

the presence of a pericardial effusion were similarly not
influenced by the transition from bosentan to macitentan.
The stability of these findings was preserved in patients on
background PDE-5i therapy. Two patients in this cohort
had to be switched back to bosentan. One was due to
elevation of aminotransferase levels to greater than 5
times the upper limit of normal in a patient with portopul-
monary hypertension. The second was due to tachyar-
rhythmias that developed after the initial switch in a
patient with scleroderma. This report supports that a
rapid transition between ERAs was well tolerated even in
patients on background therapy with PDE-5i.

As noted earlier, bosentan was the only medication
studied for the treatment of PAH related to congenital
heart disease. In 2017, the results of a series of 43 patients,
75% of whom had Eisenmenger syndrome, who were
switched from bosentan to macitentan were published.”
These patients were previously on bosentan for a median
of 7.3 years and were prospectively observed after the
decision to switch to macitentan. After 6 months of ther-
apy, outcomes including heart failure, syncope, WHO
functional class, 6(MWD, oxygen saturation, NT-proBNP,
and echocardiographic parameters. At baseline, approxi-
mately half of the patients were in WHO functional class
II, the rest in class III. The average 6MWD was 394 m.
After 6 months of therapy with macitentan, there were
fewer patients in WHO functional class III (now in class
IT), NT-proBNP decreased significantly from 723 to 488
ng/L and a significant improvement in tricuspid annular
plane systolic excursion (TAPSE). There was no differ-
ence in hospitalization or 6MWD. The switch was well
tolerated. Two patients had a drop in hemoglobin without
clinical consequences, and one patient had transient eleva-
tion of transaminases that resolved spontaneously and also
had no clinical consequences. A previous trial evaluating
the efficacy and safety of macitentan in patients with PAH
due to congenital heart disease included 15 total patients, 9
of whom were also switched from bosentan to
macitentan.>® Similar to the trial by Blok et al earlier,
this switch was well tolerated with few adverse events.

Macitentan as part of combination therapy

There has been increasing attention given to the use of
combination therapy in PAH to improve outcomes in
patients with more severe disease. As part of the
SERAPHIN trial, patients receiving background therapy
were identified as a pre-specified subgroup. The majority

of patients were in this group, as 63.7% of were on an
additional agent for the treatment of PAH at the time of
enrollment. The overwhelming majority of patients,
97.4%, in both the macitentan and placebo groups were
receiving PDE-5 inhibitors as their background therapy.
Similar to the overall trial, there was a statistically sig-
nificant reduction in morbidity/mortality of 38% in the
subgroup receiving background therapy plus macitentan
as compared to placebo. This subgroup also had a reduc-
tion in the risk of PAH-related hospitalization by 37.4%,
improvement in 6MWT and functional class, and similar
effects on quality of life as the overall SERAPHIN popu-
lation. Importantly, adverse events reported in patients
receiving combination therapy were similar to patients
receiving background therapy (ie, PDE-5i) and placebo.
Rates of worsening PAH and RV failure were increased in
patients on monotherapy (PDE-5i and placebo) compared
to combination therapy. Anemia was increased in the
combination therapy group (PDE-5i and macitentan), as
was the rate of bronchitis. The rate of study drug disconti-
nuation was similar between the two groups as well.
Overall, macitentan was well tolerated as part of combina-
tion therapy with PDE-5i for PAH.>> Given increasing
realization of the importance and potential significant clin-
ical improvements in patients treated up front with combi-
nation therapy, macitentan is currently being investigated
as an agent in initial triple therapy, in the ongoing Efficacy
and Safety of Initial Triple Versus Initial Dual Oral
Combination Therapy in Patients With Newly Diagnosed
Pulmonary Arterial Hypertension (TRITON) study.’®

Conclusion

Since approval, macitentan has proven to be a well-tolerated
and effective medication for the treatment of pulmonary
arterial hypertension. In addition to decreasing PAH-related
morbidity and mortality, data support its beneficial effect in
reducing PAH-related hospitalizations, improving hemody-
namics, improving health-related quality of life, and potential
efficacy in chronic thromboembolic pulmonary hyperten-
sion. Macitentan is generally well tolerated — adverse events
which include liver function abnormalities, peripheral
edema, and anemia occur at similar rates as was seen in the
clinical trial setting. The transition to macitentan from a
different ERA is also well tolerated. The majority of the
use of macitentan is as part of combination therapy, typically
with a PDE-5i. Real-world and trial data suggest that this
strategy is effective and safe.
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