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Abstract

Objectives: Pulmonary arterial hypertension (PAH) is a progressive disease characterized by increased pulmonary vascular resis-
tance and reduced exercise capacity. Bosentan, an endothelin receptor antagonist, is commonly used in pediatric PAH, but stan-
dardized guidelines for its use are lacking. Macitentan, another endothelin receptor antagonist, offers advantages such as a longer
duration of action, greater tissue penetration, and lower hepatotoxicity.

Methods: This retrospective study evaluated 21 pediatric patients (=12 years) who transitioned from bosentan to macitentan due
to worsening functional class and increased pulmonary artery pressure. Patients received 10 mg of macitentan daily after obtain-
ing regulatory approval. Clinical assessments, including WHO functional class, NT-proBNP levels, transthoracic echocardiographic
systolic pulmonary artery pressure (sPAP), and six-minute walk test (6MWT) distances, were conducted before and 6 months after
the switch.

Results: At follow-up, the prevalence of WHO functional class Ill decreased from 66% to 19% (p=0.001). Median NT-proBNP levels
significantly decreased from 1361.01 pg/mL to 906.06 pg/mL (p=0.009). Median sPAP also showed a statistically significant reduc-
tion (p=0.001). Additionally, BMWT distances improved significantly (p=0.002). No adverse events, hospitalizations, or significant
changes in liver function tests were observed.

Conclusion: Macitentan demonstrated favorable efficacy and safety in pediatric patients with PAH, particularly those with idio-
pathic PAH. Its once-daily regimen may improve adherence and clinical outcomes. These findings are consistent with adult studies
and highlight macitentan as a promising treatment option for pediatric PAH. Larger-scale studies are needed to establish its role
in clinical guidelines.
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ulmonary arterial hypertension is a progressive and fa-
Ptal disease associated with increased pulmonary vascu-
lar resistance and reduced exercise capacity due to primary
causes, congenital heart disease, or various other etiolo-
gies."" Patients with pulmonary hypertension use different
drug groups that target specific pathways, thereby improv-
ing symptoms and prognosis.>® Endothelin receptor an-

tagonists, phosphodiesterase type 5 inhibitors, and prosta-
cyclins are widely accepted medications for the treatment
of pulmonary hypertension.”!

Bosentan is a pulmonary vasodilator agent frequently used
in the treatment of pediatric pulmonary hypertension,
improving quality of life and exercise capacity.” Unfortu-
nately, there is no established gold-standard guideline for
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the treatment of pediatric pulmonary hypertension. Treat-
ments recommended for adults are also suggested for chil-
dren, but the number of studies in this population is very
limited.® The European Society of Cardiology (ESC) period-
ically publishes guidelines for the treatment of pulmonary
hypertension, which serve as a reference for the manage-
ment of pediatric pulmonary hypertension.

New pharmacological agents are being developed and in-
tegrated into the medical treatment of pulmonary arterial
hypertension. One such agent is macitentan.” Like bosen-
tan, macitentan belongs to the endothelin receptor antag-
onist drug class. However, it differs from bosentan in hav-
ing a longer duration of action, higher tissue penetration,
greater selectivity for endothelin A receptors, and lower
hepatotoxicity.® In the current ESC guideline, it is classified
as a Class la treatment.

Macitentan is administered orally and has demonstrated
both safety and efficacy.”’ It has been approved for use in
pediatric patients aged 12 years and older, although stud-
ies evaluating its effectiveness in younger patients are lim-
ited. In our study, we aimed to observe clinical changes in
patients aged 12 years and older who transitioned from
bosentan to macitentan treatment.

Methods

This study was conducted retrospectively. Patients aged
12 years and older who were followed up with a diagnosis
of pulmonary hypertension due to various etiologies and
were receiving bosentan treatment in the pediatric cardiol-
ogy clinic were included in the study.

Patients aged 12 years or older who experienced worsen-
ing functional classification while receiving bosentan treat-
ment and showed an increase in pulmonary artery pressure
measured by transthoracic echocardiography were includ-
ed in the study. Median systolic pulmonary artery pressure
(sPAP) values were estimated primarily using tricuspid re-
gurgitation jet velocity when measurable. In patients with
intracardiac shunts, pressure gradients across defects were
also considered together with the overall echocardiograph-
ic assessment. Patients with significant right ventricular
outflow tract obstruction or peripheral pulmonary stenosis
that could independently increase right ventricular systolic
pressure were evaluated carefully, and these anatomical fac-
tors were considered when interpreting echocardiograph-
ic sSPAP values. Patients whose functional classification did
not deteriorate with bosentan treatment and who did not
show an increase in pulmonary artery pressure on trans-
thoracic echocardiographic measurements were excluded.
Because of the retrospective design of the study, detailed
right ventricular functional parameters such as RV fraction-

al area change (RV FAC), TAPSE, and tissue Doppler-derived
RV s’ could not be obtained consistently for all patients.
Therefore, changes in sPAP were interpreted together with
clinical status, WHO functional class, NT-proBNP levels, oxy-
gen saturation, and six-minute walk test results rather than
as an isolated marker of treatment response.

All patients were evaluated during clinically stable periods.
Patients with acute infectious episodes or transient clinical
deterioration related to infection at the time of assessment
were not included in the comparative evaluation.

In our country, the use of macitentan in patients younger
than 18 years is only possible with approval from the Min-
istry of Health. Therefore, in accordance with the Ministry’s
regulations, informed consent forms for off-label drug use
were obtained from the families of patients transitioning to
macitentan treatment. Following official approval from the
Ministry, macitentan therapy was initiated in the approved
patients. The study was conducted in accordance with the
Declaration of Helsinki.

The initial dose of macitentan was administered at least
24 hours after the last dose of bosentan. Patients who had
been receiving bosentan twice daily at a weight-appropri-
ate dose were switched to a once-daily oral dose of 10 mg
of macitentan.

The study recorded sex, age, primary or secondary pul-
monary hypertension diagnosis, and underlying congen-
ital heart diseases in patients with secondary pulmonary
hypertension. Functional classification, NT-proBNP levels,
systolic pulmonary artery pressure measured by transtho-
racic echocardiography, six-minute walk test distance, he-
moglobin (Hb), ALT, AST levels, and oxygen saturation were
evaluated during bosentan treatment and at the 6th month
after switching to macitentan. Concomitant medications
used during the study period were reviewed from patient
records, and no major medication changes that could inde-
pendently explain the observed clinical improvement were
identified during the 6-month follow-up period.

Transthoracic echocardiography and the six-minute walk
test were performed by the same physician to ensure con-
sistency in measurements. Ethical approval was obtained
from the University of Health Sciences, Dr. Behcet Uz Pedi-
atric Diseases and Surgery Training and Research Hospital
(Decision No: 2024/04-03; Date: March 28, 2024).

Statistical Analysis

Data distribution was assessed using meanzstandard de-
viation (SD) or median, as appropriate. For comparisons
of normally distributed numerical data, Student’s t-test
was used for both dependent and independent groups.
For numerical data that did not follow a normal distribu-
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tion, the Wilcoxon or Mann-Whitney U test was applied,
as appropriate. Categorical data were analyzed using the
chi-square test. A p-value<0.05 was considered statistical-
ly significant.

Results

A total of 21 patients who met the inclusion criteria were
included in the study. Of these, 10 were male (47.6%) and
11 were female (52.4%). The median age of the patients was
15.52 years (range: 12-23).

Among the participants, one patient was receiving combi-
nation therapy with bosentan and sildenafil, while another
was receiving bosentan and iloprost. The remaining 19 pa-
tients were receiving bosentan monotherapy. Concomitant
sildenafil and iloprost therapies were continued without
dose modification after switching from bosentan to mac-
itentan. The median NT-proBNP level before switching to
macitentan was 1361.01 pg/mL (range: 25-5521).

At the 6-month follow-up after initiating macitentan ther-
apy, the median NT-proBNP level had decreased to 906.06
pg/mL (upper limit: 125), and sPAP measured by transtho-
racic echocardiography was 53.80 mmHg.

The proportion of patients classified as World Health Orga-
nization (WHO) functional class Ill was initially 66% and de-
creased to 19% after transitioning to macitentan therapy.
When the two periods were compared, the improvement in
WHO functional classification after switching to macitentan
was statistically significant (p=0.001).

Additionally, NT-proBNP levels showed a statistically sig-
nificant reduction after macitentan treatment compared
with the period when patients were receiving bosentan
(p=0.009).

The median baseline mean pulmonary artery pressure
measured by transcatheter angiography was 62.95 mmHg
(range: 25-104). The median sPAP measured by transtho-
racic echocardiography at the initiation of macitentan ther-
apy was 64.47 mmHag.

Six patients (28.5%) were diagnosed with idiopathic pul-
monary hypertension, one of whom had accompanying
Kartagener syndrome. Six patients (28.5%) had a ventricu-
lar septal defect (VSD), one of whom also had an associated
patent ductus arteriosus (PDA).

Other congenital heart defects observed in the study pop-
ulation included:

«  Double-outlet right ventricle in one patient (4.7%)
«  Mitral atresia in two patients (9.5%)

«  Complete atrioventricular septal defect in two patients
(9.5%)

«  Truncus arteriosus in two patients (9.5%)
«  Tetralogy of Fallot in one patient (4.7%)
«  Tricuspid atresia in one patient (4.7%)

At the 6-month follow-up after switching to macitentan,
the six-minute walk test (6MWT) showed a statistically sig-
nificant improvement compared with the period when pa-
tients were receiving bosentan (p=0.002).

When transthoracic echocardiographic sPAP values were
compared between the two periods, a statistically signifi-
cant reduction in pulmonary artery pressure was observed
after transitioning to macitentan therapy (p=0.001).

Demographic, clinical, and medical treatment data of the
patients are presented in Table 1.

None of the patients who switched to macitentan expe-
rienced clinical deterioration requiring hospitalization or
adverse events necessitating drug discontinuation. Addi-
tionally, no significant changes were observed in liver func-
tion tests or hemoglobin levels after the treatment switch
(p>0.05).

Discussion

Our study focused on the efficacy and safety of transition-
ing from bosentan to macitentan in patients receiving
bosentan treatment.

A reduction in World Health Organization functional class
(WHO FC) was observed in patients after switching from
bosentan to macitentan. Our findings in the adult age
group are consistent with those of the study conducted by
Blok et al."™ However, in the study by Aypar et al."" con-
ducted in pediatric and young adult populations, no signif-
icant difference in functional assessment was found before
and after macitentan treatment.

In our study, the proportion of patients classified as
WHO FC Il decreased from 66% to 19%, correlating with
the observed improvement in the six-minute walk test
(6MWT). Patients whose functional classification improved
also demonstrated an increase in walking distance. Based
on these findings, we consider the improvement in func-
tional classification to be clinically significant.

In our study, NT-proBNP levels showed a statistically signifi-
cant decrease after the medication switch. Similar reductions
have been observed in both adult and pediatric studies.'*'
When evaluated alongside improvements in functional ca-
pacity and increased six-minute walk test (6MWT) distances,
our findings align with expected outcomes.

When patients were assessed according to PAH classifica-
tion, those with idiopathic pulmonary arterial hypertension
had higher baseline NT-proBNP levels. After transitioning to
macitentan therapy, these patients exhibited a decrease in
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NT-proBNP levels along with an improvement in WHO func-
tional classification.

In the evaluation of systolic pulmonary artery pressure
(sPAP) measured by transthoracic echocardiography, a sig-
nificant reduction was observed after switching to mac-
itentan therapy, and this decrease was statistically signifi-
cant (p=0.001).

Similarly, in Aypar’s study involving a pediatric patient
group, a reduction in sPAP was observed, but it was not sta-
tistically significant.

Our study also found that patients who transitioned from
bosentan monotherapy to macitentan, as well as those
in the idiopathic pulmonary arterial hypertension (IPAH)
group, benefited more from the treatment.

When evaluating the six-minute walk test (6MWT) based
solely on distance, it tends to be more subjective in pedi-
atric patients than in adults. Due to shorter stride lengths
in younger children, the total distance covered appears rel-
atively shorter. Therefore, the use of percentile curves and
z-scores is recommended for assessing walking distance in
pediatric patients."¥

In our study, we also analyzed changes in z-scores and per-
centiles for comparison. The increase in walking distance
after switching to macitentan therapy was statistically sig-
nificant when evaluated in terms of percentile change.

The six-minute walk test has been evaluated in studies by
Safdar, Bloch, and Aypar. While Safdar and Aypar reported
improvements in walking distance, these improvements
were not statistically significant. In contrast, Bloch’s study
did not find any changes in the test results.

We believe that the differences between our study and
previous research may be attributed to factors such as the
higher prevalence of comorbidities in adult studies and the
lack of cooperation in pediatric studies, particularly among
patients with Down syndrome. Although our study also in-
cluded patients with Down syndrome, we did not encoun-
ter any cognitive or compliance-related issues affecting
test performance.

In pediatric patients, congenital heart disease is known to
be the most common cause of pulmonary arterial hyper-
tension (PAH)."® One of the primary goals in the surgical
management of congenital heart disease is to correct the
anatomical defect. However, the timing of the intervention
is critical to ensure that the defect is repaired before it leads
to pulmonary hypertension.

In our study, it was notable that patients who developed
PAH due to congenital heart disease were often diagnosed
at an advanced age because of delayed medical consulta-
tion. This delay was primarily observed in foreign patients

or those with socioeconomic barriers that limited early
access to healthcare. Although these patients underwent
surgical correction of their anatomical defects, their pulmo-
nary artery pressures remained elevated during follow-up.

When comparing the IPAH group in our study with patients
who developed PAH due to congenital heart disease, we
observed that those with IPAH were able to maintain their
clinical condition with monotherapy. Additionally, they
showed greater improvement in the six-minute walk test,
a more pronounced decrease in NT-proBNP levels, and a
greater reduction in systolic pulmonary artery pressure
measured by transthoracic echocardiography.

In the pathophysiology of IPAH, vascular remodeling and
endothelial dysfunction of the pulmonary arteries play a
central role, distinguishing it from secondary pulmonary
hypertension caused by congenital heart disease. In sec-
ondary PAH due to congenital heart disease, increased pul-
monary vascular resistance is the primary pathophysiolog-
ical mechanism. Conversely, in IPAH, defective endothelin
receptor signaling leads to predominant vasoconstriction.

Given that macitentan is a potent endothelin receptor an-
tagonist (ERA), its superior efficacy in improving the afore-
mentioned parameters in patients with IPAH compared
with those with congenital heart disease may provide in-
sight into its mechanism of action.

With appropriate timing and surgical care, pediatric pa-
tients with congenital heart disease would not be expected
to develop pulmonary arterial hypertension (PAH). There-
fore, in this patient group, the development of PAH is typ-
ically associated with social factors. Nevertheless, in our
patients with congenital heart disease-related PAH, we ob-
served improvements in all parameters after transitioning
to macitentan therapy in the majority of cases.

The once-daily dosing of macitentan enhances treatment ad-
herence, thereby increasing the benefits derived from thera-
py. All patients in our study had good treatment adherence.
Patients with adherence issues were excluded from the study,
and the effects of macitentan were objectively assessed. Inter-
estingly, patients who were not initially included because of
nonadherence but later transitioned to macitentan therapy
showed clinical improvement, and the once-daily dosing regi-
men was reported to be well tolerated by the patients.

Macitentan is administered to patients aged 12 years and
older, and since this age group is typically in or beyond
adolescence, patients usually take responsibility for their
medication use. In this context, treatment adherence be-
comes a crucial factor, although it was not evaluated in our
study. This issue remains an area for further investigation.

In our study, patients who transitioned to macitentan therapy
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demonstrated clinical improvements in transthoracic echo-
cardiographic systolic pulmonary artery pressure, six-minute
walk test distance, NT-proBNP levels, and WHO functional
class. These improvements were statistically significant.

Following the transition to macitentan, none of the pa-
tients required hospitalization, and no significant changes
were observed in liver function tests or hemoglobin levels.
Based on these findings, macitentan therapy appears to be
a safe and effective treatment option for pediatric patients
with pulmonary arterial hypertension.

Limitations

Some limitations of this study should be considered. First,
the relatively small number of cases included in the study
limits the generalizability of the findings. The transition to
macitentan therapy is less frequently observed in pediatric
patients than in adults, making it difficult for single-cen-
ter studies to achieve larger sample sizes. Second, the
lack of clear and widely accepted guidelines specifically
addressing the transition to macitentan therapy in pedi-
atric patients represents another important limitation. The
heterogeneity of the study population, including patients
with idiopathic PAH and congenital heart disease-associat-
ed PAH, is also an important limitation and may affect the
generalizability of the findings. Consequently, treatment
decisions are often based on clinician experience and ex-
trapolation from adult data, which may lead to variability
in clinical practice. Multicenter studies including larger and
more heterogeneous pediatric populations would enhance
the reliability and external validity of the findings and con-
tribute to the development of stronger evidence-based
recommendations for pediatric patients.

Conclusion

In this retrospective cohort, switching from bosentan to
macitentan was associated with improvements in function-
al status, exercise capacity, NT-proBNP levels, and echocar-
diographic sPAP in pediatric patients with PAH who showed
clinical deterioration while receiving bosentan therapy.
However, due to the absence of a control group and the
heterogeneous nature of the study population, these find-
ings should be interpreted with caution. Larger prospective
multicenter studies are needed to better define the role of
macitentan in the management of pediatric pulmonary hy-
pertension.
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