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Abstract

Macitentan is a safe and effective substance for treatment of adults with pulmonary arterial hypertension. Data on its use in
paediatric patients are limited. In this single-centre prospective study, we report on our experience with macitentan in children
focusing on applicability and practical aspects. Between December 2014 and July 2018, macitentan was introduced to paediatric
patients according to a dosing protocol adjusted to body weight. Blood pressure, heart rate, saturation and clinical symptoms
were recorded daily during introduction. Liver function parameters and haemoglobin levels were measured at baseline, four weeks
and three months after initiation and after one year of treatment. Twenty-four patients (14 male, 10 female) were enrolled for
treatment with macitentan. The mean age was 10.7 £ 7.6 years (range: 0.] year—23 years). Fifteen out of 24 patients were World
Health Organization functional class (FC) Il, 7 patients in FC Il and 2 patients in FC IV. Twenty out of 24 patients (83%) received
additional advanced therapy with sildenafil and/or prostacyclines. We had two early discontinuations because of clinical relevant
oedema. In the remaining 22 patients, macitentan was well tolerated. Liver function parameters and blood count levels remained
stable during the observational time. The introduction of macitentan was feasible and mostly well tolerated in paediatric patients.
Special attention should be paid to oedema during introduction of the drug. To the best of our knowledge, this is the first study to
report on its applicability in infants and children. However, larger prospective trials are warranted to verify these preliminary
findings.
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Introduction : . .
The main target of pharmacological treatment is to keep

Pulmonary hypertensive vascular disease (PHVD) is a
severe condition characterized by a progressive increase of
pressure or vascular resistance leading to chronic right heart
failure. In infancy and childhood, this condition can present
isolated as idiopathic pulmonary arterial hypertension
(iPAH) or as a consequence or part of many underlying
diseases such as lung hypoplasia, complex heart defects
and other conditions.'”’

Unlike adults, infants and children often present with
markedly elevated pressures at diagnosis.® Depending on
the pathophysiological background in childhood, PHVD
has variable outcomes with sometimes very poor prognosis.
Therefore, in many cases, early initiation of medical therapy
will be necessary.” !

right ventricular (RV) function preserved by continuously
lowering pulmonary artery (PA) pressure and/or resistance.
Medical management is generally based on targeted thera-
pies consisting of phosphodiesterase inhibitors (PDE-I),
endothelin receptor antagonists (ERA) and prostacyclines
(PGI) or its receptor agonists in addition to other support-
ive treatment.'*1

By reason of rapid disease progression in children with
markedly elevated PA pressures, we often initiate early
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upfront combination therapy within the first days after
diagnosis or rapid escalation of treatment during the fol-
lowing weeks.

Recently, macitentan, a novel ERA, has been shown to
exert beneficial effects with better tissue properties and less
hepatic side effects than its precursor bosentan.'* "> A huge
multicentre study has proven its tolerability and favourable
effects in adult PAH patients.'® Experience on its use in
children is scarce.'”'® This issue is actually faced by a
large randomized multicentre open label study
(TOMORROW study AC-055-312), which hopefully will
lead to license of this drug in childhood. However, in
many cases, severity of the disease forces paediatricians to
implement medications without approval, before escalating
therapy to more invasive therapeutical options such as
intravenous or subcutaneous prostacyclines, Potts shunt
or lung transplantation.

Macitentan was approved for the treatment of adult
PAH and chronic thromboembolic pulmonary hypertension
(CTEPH) in 2013. Since then, we started to use this sub-
stance in an off-label manner on a compassionate base in
children with PAH. The aim of this paper is to report on our
first experience with macitentan in children.

Methods

Study design

This is a single-centre observational study conducted from
December 2014 to July 2018, at the department of
Paediatric Cardiology at the Medical University of
Vienna. Macitentan was used as compassionate therapy in
24 paediatric patients with PHVD. Oral informed consent
was obtained from all patients and their respective care-
givers before treatment initiation. The study was approved
by the local ethics committee (Local ethics Nr: 1619/2018)

Study endpoints

Primary endpoint of the study was safety and feasibility of
treatment with macitentan. Secondary endpoints were the
documentation of clinical side effects as well as laboratory
abnormalities such as change in liver function parameter or
changes in blood cell count.

Patients and inclusion/exclusion criteria

Patients diagnosed with PHVD based on measurements of
transthoracic echocardiography and/or invasive catheteriza-
tion were included. Classification of pulmonary hyperten-
sion (PH) was based on the consensus paper reported by the
paeditatric taskforce of the Pulmonary vascular Research
Institute (Panama Paper) and the updated classification
proposed by the 6th World Symposium on Pulmonary
Hypertension.'” Neonates (<1 month of age) and adults
as well as patients with postcapillary PH were excluded
from the study.

Side effects/safety

Blood pressure, oxygen saturation and heart rate were
recorded in every patient before initiation of treatment,
during uptitration, after four weeks and every three
months after achieving the target dose. A significant drop
of blood pressure was defined as a drop of >15% of systolic
value and >10% of diastolic value compared to baseline.

Clinical side effects described in adults, such as cough,
headache, nausea, vomiting, peripheral oedema, nasophar-
yngitis and bronchitis, were recorded daily during introduc-
tion and at each follow-up visit.

Laboratory values, such as liver function parameters
(serum glutamic oxaloacetic transaminase (SGOT),
serum glutamate-pyruvate transaminase (SGPT), gamma-
glutamyltransferase (GGT), alkaline phosphatase (AP)),
kidney parameters (creatinine (Crea) and uric acid (UA))
and blood cell count (hemoglobin (Hb), hematocrit (Hkt),
white blood cells (WBC) and platelets (PLT)) were mea-
sured before, four weeks after initiation of treatment and
subsequently every three months on the targeted dosage of
the drug.

Treatment

Since no established paediatric protocols for dosing are
reported, different starting doses depending on body
weight (1 mg, 3mg, Smg, 7.5mg, 10 mg) were applied as
single daily dose (Table 1).

For dose adjustment in children with lower body weight,
we used macitentan capsules containing lactose monohy-
drate. Older patients requiring higher doses received the
original macitentan tablets (10 mg). Patients were uptitrated
to target doses according to weight within a maximum of
one week.

e Infants with a body weight below 10 kg received a start-
ing dose of 1 mg of macitentan, which was increased daily
in 1 mg steps up to a maximum dose of 3mg per day or a
decrease of blood pressure.

e Children with a body weight between 10kg and 15kg
started with 3mg of macitentan to reach a target dose
of 5Smg (daily uptitration mode: 3mg — 4mg — Smg).

e In children with a body weight between 15kg and 20 kg,
the starting dose was 3mg, and this was increased to a
maximum of 7.5mg (uptitration mode: 3mg — Smg —
7.5mg).

e Adolescents and all children with a body weight above
20 kg received 5mg as starting dose. While older children
were rapidly increased to a target dose of 10mg (S5mg —
7.5mg — 10 mg), children with a body weight between 20
and 30kg remained on 7.5mg until the first follow-up.
They were then increased to the target dose of 10mg,
provided there was no significant drop of blood pressure
or other side effects.
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Tablel. Dosing regimen according to body weight at initiation, after three months and after one year of treatment.
Target (mg)

Weight Age Weight Starting dose after Dose (mg/kg) Dose (mg)
range (kg) (years) (kg) dose (mg) 3 months after 3 months after | year
0-10 0.8 7.5 | 3 0.4 5

0.8 7.5 | 3 0.4 5

0.5 6 | Discontinued 0.5 Discontinued

0.5 6.3 | 3 0.5 5

0.1 3.1 | 2 0.64 3

4 8.6 | 3 0.33 5
10-15 1.6 13 3 5 0.38 7.5

6 14 3 5 0.35 7.5
15-20 1.5 15 3 7.5 0.33 10
>20 8 22 5 7.5 0.34 10

10 22 5 7.5 0.34 10

I 26 5 7.5 0.28 10

I 28 5 Discontinued 0.26 Discontinued

10.5 32 5 7.5 0.23 10
>35 12 39 5 10 0.26 10

12 44 5 10 0.22 10

19 41 5 10 0.24 10

23 35 5 10 0.28 10

19 60 5 10 0.16 10

23 83 5 10 0.12 10

16 76 5 10 0.13 10

22 50 5 10 0.2 10

I5 44 5 10 0.22 10

16 86 5 10 0.11 10

15 47 5 10 0.21 10

Thirteen patients were switched from bosentan to maci-
tentan; in those, bosentan was stopped 24 h before start of
the new treatment. Introduction and dosage escalation of
macitentan was performed as described before.

Statistics

Descriptive statistic was used to characterize the clinical
incidences of side effects. Continuous parameters were
described as mean =+ standard deviation, in case of normal
distribution (Crea, Hb, Hct, WBC, PLT) and as median
with first quartile in case of skewed distribution (SGOT,
SGPT, GGT). Categorical variables were displayed as fre-
quencies. Differences between baseline, three months and
one year laboratory parameters with normal or skewed dis-
tribution were tested with one way Student’s ¢ test (within
group differences), or non-parametric test, respectively.
Statistical significance was regarded as p <0.05. Statistical
tests were performed by using IBM SPSS Statistics for
Windows, version 25 (IBM Corp., Armonk, NY, USA).

Results

Twenty-four paediatric patients (14 male, 10 female) were
enrolled for treatment with macitentan. PHVD was classi-
fied according to PANAMA criteria (3) as either isolated
PAH (n=7), associated with congenital heart defects

(CHDs) (n=10), as developmental pulmonary vascular
hypertensive disease (n =2), associated with bronchopulmo-
nary dysplasia (n=2) and associated with other systemic
disorders (n=2) or CTEPH (n=1). Detailed demographic
data are listed in Table 2.

Mean age of the included patients was 10.7+ 7.6 years
(range: 0.1 year—23 years). Median observation period was
36 months (interquartile range: 15 and 43 months).

The first 10 patients and all infants below 10 kg of body
weight or under 2 years of age were started on macitentan in
hospital, where vital signs and clinical symptoms were docu-
mented daily.

After uneventful initiation of treatment in the first 10
patients, the following patients (beyond the age of 2
years) were started on macitentan in an outpatient
manner. Measurement of saturation, blood pressure and
heart rate monitoring were performed daily for the first
five days, either in our outpatient clinic or by a caring
nurse or physician and at each follow-up visit at our out-
patient clinic.

Whenever macitentan was started in an ambulatory set-
ting, symptoms, blood pressure, oxygen saturation and
heart rate were inquired and reported to us on a daily basis.

Macitentan was started as monotherapy in six patients;
two out of six patients were switched from bosentan, while
the remaining four received macitentan as first
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Table 2. Demographic and clinical data of enrolled patients.

Additional Follow-up
PH group Age Pulmonary advanced Supportive WHO time
PHVD classification (6th WSPH) (years) pressure therapy therapy Diagnosis FC (months)

. IPAH | 12 Suprasystemic PDE5-l, inh.PGI Y Catheter + Echo Il 42
2. IPAH I 12 Suprasystemic  PDES5-I Y Catheter + Echo |l 41
3. IPAH I 22 Systemic iv PGl Y Catheter + Echo I 19
4. IPAH I 1.5 Suprasystemic PDES5-l, inh. PGl Y Catheter + Echo I 36
5. IPAH I I Suprasystemic PDE5-l, iv PGl Y Catheter 4+ Echo IV -

6. IPAH I 16 Suprasystemic PDE5-l, inh.PGI Y Catheter 4 Echo IV 12
7. PAH/PVOD I 0.5 Suprasystemic PDE5-l inh.PGI Y Catheter + Echo Il -

8. CHD (ES) I I5 Systemic PDE5-I N Catheter + Echo |l 43
9. CHD (ES) I 10.5 Systemic PDES5-| Y Catheter + Echo |l 42
10. CHD postop I 23 Systemic sGC stimulator N Catheter + Echo |l 49
Il. CHD (PA/VSD/MAPCAS) 5 0.8 Systemic PDES5-I Y Catheter + Echo |l 43
2. CHD (PA/VSD/ MAPCAS) 5 1.6 Subsystemic ~ PDES5-I Y Catheter + Echo |l 38
3. CHD (PA/VSD/MAPCAS) 5 19 Systemic PDES5-I Y Catheter + Echo Il 49
4. CHD (PA/VSD/MAPCAS) 5 23 Suprasystemic  PDES5-I, inh. PGl Y Catheter + Echo Il 49
I5. CHD (PA/VSD/MAPCAS) 5 10 Subsystemic ~ PDES5-I N Catheter + Echo |l 10
16. CHD postop I 19 Systemic PDES5-I Y Echo I 44
7. CHD postop I I Subsystemic  — Y Catheter 4+ Echo I 12
8. CHD+ lung disease I +3 0.1 Systemic - Y Catheter 4 Echo Il I
19. BPD, developmental PVHD 3 8 Suprasystemic  PDES5-I N Catheter + Echo |l 33
20. Developmental PYHD 3 6 Subsystemic - N Catheter + Echo |l 29
21. Developmental PVYHD 3 4 Subsystemic ~ PDES5-I N Echo I 16
22. Systemic disorder 5 0.5 Suprasytemic  PDE5-I, inh.PGI Y Catheter 4 Echo Il I5

(mitochondriopathy)

23. CTEPH 4 16 Systemic PDE5-I, inh.PGI Y Catheter 4 Echo Il 41
24. Systemic disorder 5 I5 Subsystemic - Y Catheter + Echo |l 36

(malignancy, bone
marrow transplantation)

Conventional therapy included anticoagulation, diuretics, digoxin, and/or iron supplements.

CHD: congenital heart defect; PA/VSD/MAPCAS: pulmonary atresia with ventricular septal defect (VSD) and aortopulmonary collaterals; BPD: bronchopulmonary
dysplasia; 6th WSPH: World Symposium on Pulmonary Hypertension; WHO FC: World Health Organization functional class; PHVD: pulmonary hypertensive
vascular disease; CTEPH: chronic thromboembolic pulmonary hypertension; PH: pulmonary hypertension; IPAH: idiopathic pulmonary arterial hypertension; PGI:
prostacyclin; PAH: pulmonary arterial hypertension; PVOD: pulmonary veno-occlusive disease; PDE5-I: phosphodiesterase type 5 inhibitor; sGC: soluble guanylate

cyclase; ES: Eisenmenger Syndrome.

pharmacological agent. In 10 patients, macitentan was used
in addition to an ongoing treatment with either PDE-Is,
soluble guanylate cyclase stimulator or PGIs. Eight patients
were on a combined treatment with PDE-Is in addition to
either inhalative or intravenous prostacyclines, when maci-
tentan was initiated.

Eighteen out of 24 patients received conventional base-
line therapy with diuretics, iron supplements, anticoagula-
tion and/or digoxin (Table 2).

Switch from bosentan to macitentan

Thirteen out of 24 patients were switched from bosentan to
macitentan. Although clinically stable, there were clear
signs of disease progression documented by echocardiogra-
phy, 6-min walking test and/or oxygen saturation. All
except of two patients were treated with a combination of
ERAs, PDE-Is and/or PGIs (see Table 2).

Patients were asked to take the last dose of bosentan 24
h before introduction of the new medication. The switch
was well tolerated in all patients. We did not observe any
adverse effects or increase of PH-specific symptoms during
transition and the period of uptitration.

Tolerability

Twenty out of 24 patients showed good tolerability of the
drug without any clinical side effects or change of blood
parameters. Two out of 24 patients presented with mild
cephalea and nasopharyngitis at the initiation of treatment,
but these symptoms resolved spontaneously within the first
four weeks on therapy. Both patients had previously been
on bosentan. Two out of 24 patients presented with severe
peripheral oedema, nasopharyngeal congestion and cough-
ing at the beginning of treatment, leading to discontinuation
of therapy. One patient (Table 2, No. 5) was a 12-year-old
boy with iPAH and suprasystemic pulmonary pressure
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treated with epoprostenol (74 ng/kg/min), sildenafil and
bosentan in addition to conventional therapy. He was
switched uneventfully and started with 5Smg of macitentan,
which was increased to 7.5mg during the following week.
He then presented with peripheral oedema and progredient
nasopharyngeal congestion and coughing. Blood pressure,
saturation and liver parameters remained unchanged. We
therefore stopped macitentan and switched him back to
bosentan whereby symptoms resolved gradually. The
other patient (Table 2, No. 7) was a six-month-old boy
newly diagnosed with severe PAH and suprasystemic pul-
monary pressure and RV failure; he was admitted to our
intensive care unit where he was treated with inhalative NO
and intravenous prostacyclin. After stabilization and with-
drawal of nitric oxide (iNO), he was started on sildenafil.
Intravenous prostacycline was switched to inhalative appli-
cation, and finally he received macitentan, starting with
1 mg. After uptitration to a target dose of 3mg, he devel-
oped progressive oedema with a trend to decrease of blood
pressure. After termination of macitentan, we observed a
quick decline of symptoms. Repeated
computer tomography scans of the lungs revealed patho-
morphological features highly suspicious for pulmonary
veno-occlusive disease. However, the patient remained
stable in the follow-up with improved RV function on a
combination of sildenafil and inhalative PGIs in addition
to baseline supportive therapy. Another ERA (bosentan)
was not introduced so far.

Liver and hematological data are presented in Figs 1 and
2. No statistical difference between baseline, three-month
and one-year follow-up data was found. However, in one
patient (Table 2, No. 18), we observed an increase of liver
enzymes, which normalized after the dosage was reduced
from 3mg to 2mg. In fact, this was the youngest child
with 7 weeks of age and 3.1kg of weight at the time of
treatment. The girl was born small for gestational age and
had a supracardiac type of total anomalous pulmonary
venous return operated in the first days of life. She was
mechanically ventilated for 51 days and developed broncho-
pulmonary dysplasia. After cardiac catheterization which
revealed increased PA pressure in the absence of venous
obstruction, she was started on macitentan beginning with
1 mg, which was gradually increased to 3mg. Laboratory
tests after one week revealed isolated increase of SGOP,
SGPT and GGT to more than twice the normal range.
After decreasing the dose of macitentan to 2mg, liver
enzymes normalized rapidly.

Finally, we observed an insignificant decrease of blood
pressure in all patients when reaching the target dose.
However, the drop did not exceed >15% of the systolic
baseline value and >10% of diastolic baseline value. At
three-month follow-up, the median decrease of systolic
blood pressure was 1 mmHg (Fig. 3).

Brain natriuretic peptide (BNP) levels before the start of
treatment and three months after are listed in Fig. 4. There
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Fig. I. Liver function parameter (serum glutamic oxaloacetic trans-
aminase (SGOT), serum glutamate-pyruvate transaminase (SGPT),

gamma-glutamyltransferase (GGT), alkaline phosphatase (AP)) before
treatment, three months after treatment and one year after treatment.
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Fig. 2. Hemoglobin (Hb) and hematocrit (HKT) before treatment,
three months after treatment and one year after treatment.

was a marked decrease, but this did not reach statistical
significance.

Mortality

We had one death during our observational period. The
patient had complex heart disease with Eisenmenger
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Fig. 3. Systolic and diastolic blood pressure (BP) levels before treatment, three months after treatment and one year after treatment.
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Fig. 4. proBNP levels before, three months and one year after
treatment.
BNP: brain natriuretic peptide.

physiology and was severely cyanotic and deceased by
sudden cardiac death 4 years after treatment initiation at
23 years of age.

Overall, long-term follow-up of macitentan treatment
was achieved in 22/24 patients with a maximum observation
period of 49 months. Apart from two early discontinuations
of macitentan during the first weeks of introduction, all
patients remained on macitentan with good safety and tol-
erability profile.

Discussion

PHVD remains a severe condition leading to limited life
expectancy and quality of life. However, the introduction
of targeted therapies such as PDIs, ERAs and PGIs over the

last 20 years has improved outcomes substantially.'®'"?

Macitentan is in fact a next-generation dual ERA; based
on its enhanced pharmacological properties compared to
other ERAs, its use gives hope for further improvement in
PAH patients.'*'*> Whereas clinical trials and case reports
in adults support its efficacy and tolerability, data on chil-
dren are limited.'® '*-1"%7

Our study is the first to report on its use in children
during long-term follow-up with special emphasis on
safety and tolerability. We used it on a compassionate
base in our patients with relatively advanced disease pro-
gression. More than 50% of the treated patients had severe
PHVD with at least systemic PA pressures, therefore receiv-
ing combination therapy including prostacyclines at the
time of introduction of macitentan. Especially in those we
felt it was clinically important to take advantage of the
better pharmacological properties of this novel substance.

At the time of our study, there was very little information
about optimal dosing of macitentan in children. With
awareness of this limitation, the first 10 patients and all
children below 2 years of age or 10 kg of weight were admit-
ted into hospital for close monitoring during introduction
and uptitration. We used a very strict protocol especially in
younger infants, as treatment was started and uptitrated
only in hospital with close monitoring of hemodynamic
parameters as well as laboratory tests. In the majority of
cases, we did not observe any significant side effects during
introduction, and patients were discharged after a maxi-
mum of five days. Therefore, the following patients were
started on macitentan in an outpatient manner. In this
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setting, symptoms and vital signs were recorded daily and
reported to us.

A switch from bosentan to macitentan was performed in
13/24 patients. For this purpose, bosentan was stopped 24
h before treatment initiation. The switch was well tolerated
in all patients without any clinical side effects and especially
without any signs of deterioration of PAH symptoms. Our
experience is similar to other reports published recent-
ly,'®272% one of those including two smaller children.'®

We used macitentan in different dosages adjusted to
body weight. About one third of the patients had a body
weight lower than 15kg. In these children, the applied dose
ranged from 0.33 mg/kg/d to 0.6 mg/kg/d.

Recently, the TOMORROW study — a large multicentre
placebo controlled trial — has been initiated to investigate
macitentan in children. In this study, dosing regimens are
quite similar to the dosages that we used. Notably, most of
our treated children received macitentan as a compassionate
therapy before this trial was initiated. Furthermore, many
of our patients would not have been eligible for this trial as
they were on additional prostacyclines at the time of treat-
ment and/or had variable underlying diseases not eligible
for the trial. However, currently we are including our
patients in this big study. Its results will hopefully lead to
approval of macitentan in paediatric PAH.

We had two early discontinuations (8%) due to periph-
eral oedema, both reversible after termination of treatment.
This phenomenon seems to be an important issue, though
the mechanism is not completely understood. Vercauteren
et al.”” showed that in vitro endothelin A selective antago-
nism was associated with systemic vasodilation, transient
norepinephrine and arginine vasopressin release, water
retention and vascular leakage, whereas dual antagonism
had significantly smaller effects on these variables.
However, fluid retention exists also on dual ERAs, and
this association was observed in several clinical trials.>* 3
The suggested mechanisms responsible for this phenomenon
include unopposed precapillary arteriolar vasodilation and
changes in capillary permeability.** A recently published
meta-analysis that compared three ERAs (bosentan, ambri-
sentan and macitentan) regarding side effects showed
that bosentan and ambrisentan had a significantly higher
incidence of peripheral oedema compared to macitentan.>
The incidence of peripheral oedema according to the
SERAPHIN trial was 18.2% in the 10 mg macitentan treat-
ment group. Apart from that, macitentan has been associ-
ated with peripheral oedema in other smaller studies with
one including complex older patients.'3® In this study,
more than half of the patients had to stop macitentan due
to oedema.'” Growing experience with the use of maciten-
tan will hopefully improve understanding of this associated
side effect. Whereas paediatric data on side effects with
macitentan are not available yet, the commonly used
ERAs were associated with lower rates of side effects com-
pared to adults.*’*° However, the incidence of peripheral

oedema with bosentan was reported to be 8% in one larger
paediatric study, which is quite comparable to our data on
macitentan.*’ In our experience, patients receiving bosentan
never presented with oedema so far. Notably one of our
patients on macitentan presenting with oedema had been
on bosentan without any clinical side effects for several
years.

Furthermore, we had two patients who presented with
mild symptoms of nasopharyngitis and cephalea. Symptoms
started at the beginning of uptitration and resolved within a
period of four weeks on treatment. These side effects are
commonly described, and in fact, we do see them in a
number of our patients on sildenafil and other targeted
therapies.'®-33-37-38

The most common documented feature was a well-
tolerated decrease of blood pressure, which was statistically
not significant. However, this phenomenon was observed in
almost all patients when reaching the target dose. Similarly,
to other targeted therapies such as sildenafil and PGIs, low-
ering of blood pressure might reflect not only the effect of
the drug on the systemic blood pressure but also on the
pulmonary vasculature.

Finally, we had one patient with an increase of liver
enzymes more than twofold of the normal range. In fact,
this was the youngest infant with a body weight of 3.2 kg.
This patient had been uptitrated to a dose of 3mg when
liver enzymes increased. After reduction of macitentan to
2mg, values normalized completely, indicating a dose-
dependent and reversible impact on liver function.
Whether immaturity of her liver function or the recent car-
diac surgery played an additional role remains unclear, but
fortunately, we did not have to stop macitentan in this
severely affected girl with PHVD. Apart from this case,
liver enzymes and blood count remained unchanged in all
of our treated patients. Importantly, anaemia was not
observed.

With respect to efficacy, our analysis shows a decrease of
BNP levels at the three-month follow-up indicating benefi-
cial effects and ameliorated RV function. However, the
change was statistically not significant which might be
explained the relatively small number of patients (Fig. 4).

During long-term follow-up, there was one death not
related to study treatment as it occurred as a sudden event
almost four years after macitentan had been started. The
young woman had pulmonary atresia with ventricular
septal defect and hypoplastic pulmonary arteries and had
been palliated with two BT shunts in childhood; she was
severely cyanotic and refused further therapeutical interven-
tions. She was treated with sildenafil and macitentan, which
had been switched from bosentan in addition to baseline
therapy. In fact, her death at the age of 23 years reflects
the malignant course of palliated complex heart defects with
PHVD.

However, the clinical efficacy of macitentan in CHD
remains unclear. It seems to be reasonable that macitentan
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is at least as beneficial as its precursor bosentan in patients
with Eisenmenger Syndrome (ES) patients.*' ** While there
are several reports supporting its beneficial effects, this find-
ing could not be verified by the recently published
MAESTRO study (Clinical study to evaluate the effects of
macitentan on exercise capacity in subjects with
Eisenmenger Syndrome).**®

As shown in Table 2, we used macitentan in several dif-
ferent entities associated with PHVD, provided that post-
capillary PH was ruled out. The use of its precursor
bosentan in paediatric PAH has been well studied in a
series of paediatric-specific trials leading to its approv-
al.*%473% Whereas the bigger trials mainly included children
with iPAH and PAH associated with CHD, there are several
smaller studies and case reports supporting the use of ERAs
in other associated diseases.” >’ However so far, bigger
trials on the use of ERAs in different entities do not exist.
Given the huge variability of associated diseases and the
relatively small numbers of paediatric patients, it might be
difficult to conduct studies on each paediatric PHVD entity.

The fatal outcome of this disease is contrasted by a lack
of randomized controlled trials in paediatric PH. Currently
there is only limited experience on the use of macitentan in
children. Available data include one smaller study in chil-
dren older than 12 years'” and a recently published work by
Flores et al.'® reporting on their initial experience of maci-
tentan in two smaller children. Our observational study
adds to the limited paediatric experience and indicates
that macitentan might be safely applied in children under
careful monitoring though, of course, randomized con-
trolled trials — such as the currently ongoing
TOMORROW study — are essential to further prove this
experience and to introduce macitentan as treatment option
in paediatric PAH.

By now, the use of macitentan in infants < 6 months of
age has not yet been reported. The limited data on this age
group in our study suggest that the use of macitentan in
smaller infants might be associated with increased side
effects, such as increase of liver enzymes or oedema. The
use of this agent in this population should therefore not be
encouraged unless it is performed within larger paediatric-
specific trials.

Apart from that, our long-term experience on macitentan
in children comprises a maximal clinical observational
time of 49 months and is in accordance with study results
available from adults with a good safety and tolerability
profile. 646

Limitations

Limitations include the small sample size and the heteroge-
neity of study population, which in fact reflects the short-
comings of a single-centre study in paediatric PAH patients.
Another limitation is that the macitentan doses used were
empiric and were extrapolated from adult studies. We did
not perform a pharmacokinetic analysis, which is actually

performed in a currently ongoing trial. However, we faced
this important limitation by a strict monitoring protocol
including in hospital introduction of this agent and close
follow-up visits. Finally, the open label nature of our
study constitutes a further limitation.

In summary, this single-centre prospective observational
study provides valuable clinical information on the applica-
tion of macitentan in paediatric PAH. Our data support the
fact that macitentan can be used safely in childhood under
careful monitoring of potential side effects. Overall, it is
clinically well tolerated and not correlated with anaemia,
significant increase of liver enzymes or hypotension.
Special attention should be paid on oedema during intro-
duction. So far, this is the first report on the use of maci-
tentan in smaller children. Whether this drug, similar to its
precursor bosentan, can be used safely in infants < 6 months
of age cannot be ultimately answered. Our experience does
not provide sufficient data to recommend its use in this age
group. Larger prospective randomized trials are needed to
verify our preliminary findings in children and to prove the
use of macitentan in the very young.
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