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Abstract

Objective Research comparing bosentan and macitentan in chronic thromboembolic pulmonary hypertension (CTEPH) is
scarce, although macitentan might have superior pharmacologic properties. We present the first real-world, 2-year follow-up
results and compare clinical outcomes of both drugs in CTEPH.

Methods All consecutive, technical inoperable or residual CTEPH patients receiving bosentan or macitentan, diagnosed in
our multidisciplinary team between January 2003 and January 2019, were included. We report and compare survival, clini-
cal worsening (CW), adverse events, WHO FC, NT-proBNP and 6-min walking test (6MWT) until 2 years after medication
initiation.

Results In total, 112 patients receiving bosentan or macitentan (58% female, mean age 62 + 14 years, 68% WHO FC III/1V,
51% bosentan) could be included. Mean treatment duration was 1.9+ 0.4 years for bosentan and 1.2 +0.6 years for macitentan.
Two-year survival rate was 91% for bosentan and 80% for macitentan (HR mortality macitentan 1.85 [0.56-6.10], p =0.31).
Two-year CW-free survival was 81% and 58%, respectively (HR CW macitentan 2.16 [0.962—4.87], p=0.06). Right atrial
pressure, cardiac output (for mortality alone) and 6BMWT lowest saturation were multivariate predictors at baseline. Overall
adverse event rates were comparable and WHO FC, NT-proBNP and 6MWT distance improved similar for both drugs till
2-year follow-up.

Conclusion CTEPH patients receiving bosentan or macitentan have improved clinical outcomes till 2-year follow-up, without
significant differences in outcomes between both therapies.

Keywords Chronic thromboembolic pulmonary hypertension - Bosentan - Macitentan - Survival - Clinical worsening

Abbreviations CT Computed tomography
6MWD 6-Minute walking distance CTEPH Chronic thromboembolic pulmonary
6MWT 6-Minute walking test hypertension
BPA Balloon pulmonary angioplasty Ccw Clinical worsening
CO Cardiac output e.g. Exempli gratia
COPD Chronic obstructive lung disease ERAC(s) Endothelin receptor antagonist(s)
FC Functional class
Electronic supplementary material The online version of HR Hazards regression
this article (doi:https://doi.org/10.1007/s00408-019-00274-9) 1.e. Id est
contains supplementary material, which is available to authorized IPTW Inverse probability of treatment weighting
USCTS. mPAP Mean pulmonary arterial pressure
59 M. C. Post NT-proBNP  N-Terminal pro-brain natriure?tic peptide
m.post@antoniusziekenhuis.nl PAH Pulmonary arterial hypertension
1 PEA Pulmonary endarterectomy
Dgpartmer}t of Cardiology, St. Antonius Hospital, PH Pulmonary hypertension
Nieuwegein, The Netherlands .
PVR Pulmonary vascular resistance
2 Dfepartmer'lt of Pulmonology, St. Antonius Hospital, RAP Right atrial pressure
Nieuwegein, The Netherlands .
SD Standard deviation

Department of Epidemiology, St. Antonius Hospital,
Nieuwegein, The Netherlands

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00408-019-00274-9&domain=pdf
https://doi.org/10.1007/s00408-019-00274-9

Lung (2019) 197:753-760

754

TAPSE Tricuspid annular plane systolic excursion
WHO World Health Organisation
Introduction

Chronic thromboembolic pulmonary hypertension (CTEPH),
a progressive pulmonary vascular disease, results in sec-
ondary distal arteriopathy and eventually in hemodynamic
and functional impairment [1]. Pulmonary endarterectomy
(PEA) is the preferred treatment as it improves World Health
Organisation functional class (WHO FC) and prognosis [2].
Technical inoperable patients and patients with recurrent/
persistent PH after PEA (residual PH) should be treated
with riociguat [3, 4]. Riociguat, a soluble guanylate cyclase
stimulator, decreases pulmonary vascular resistance (PVR)
and NT-proBNP levels, and improves 6-min walking dis-
tance (60MWD) and WHO FC up to 3 years and is currently
the only registered pharmacologic CTEPH therapy [3-6].
However, patients may experience adverse events (AEs) or
do not achieve maximum dose or treatment goals. Because
of resemblance in pathologic pathways between pulmonary
arterial hypertension (PAH) and CTEPH, PAH therapy may
then be considered [1, 7]. Endothelin receptor antagonists
(ERAs) have been used in CTEPH before; bosentan signifi-
cantly improved PVR but had no effect on 6MWD in the
BENEFIT trial, while macitentan, the newest ERA, signifi-
cantly improved PVR and exercise capacity in the MERIT-1
trial [8, 9]. Macitentan has sustained receptor binding prop-
erties and enhanced tissue distribution, and may therefore be
superior to other ERAs [10-12]. However, clinical experi-
ence with ERAs in CTEPH is still limited.

Our CTEPH expert centre is allowed to use ERAs for
CTEPH, due to the trial results, and so we do have real-
world experience of both bosentan (2003 onwards) and mac-
itentan (2014 onwards). Nevertheless, comparative research
between bosentan and macitentan on clinical outcomes in
CTEPH patients has not been established. In this study,
we focus on clinical outcomes in CTEPH till 2 years after
treatment initiation and compare bosentan and macitentan
therapy results.

Methods
Study Population and Treatment Strategies

All consecutive technical inoperable CTEPH and resid-
ual PH patients between January 2003 and January 2019
receiving bosentan or macitentan in the St. Antonius Hos-
pital in Nieuwegein, the Netherlands were included in our
retrospective cohort study. Diagnosis was established and
operability was assessed, based on the CTEPH guidelines
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[3, 13], in our CTEPH multidisciplinary team, including
cardiologists, pulmonologists, radiologist, cardiothoracic
surgeons and nurse practitioners.

PH was defined as mean pulmonary artery pressure
(mPAP) > 25 mmHg and wedge pressure < 15 mmHg at
right heart catheterisation (RHC). CTEPH was diagnosed
when mismatched perfusion defects on lung scan were
seen with signs of CTEPH on multidetector CT angi-
ography or conventional pulmonary angiography in the
presence of PH, after at least 3 months anticoagulation
treatment.

Patients with predominantly subsegmental or more dis-
tal thromboembolic disease were classified as technical
inoperable. Residual PH was defined as persistent elevated
mPAP > 25 mmHg immediately post-PEA by Swan-Ganz
measurement and persistent elevated on RHC 6 months
after PEA or the need for PH-specific therapy to achieve
mPAP <25 mmHg.

All symptomatic patients between 2003 and 2014 were
initiated on bosentan monotherapy, most as part of the
BENEFIT [8] trial and in accordance with their inclusion
criteria. From 2014 onwards, riociguat was initiated in
newly diagnosed CTEPH patients. In case of suboptimal
riociguat dose or AEs leading to discontinuation (e.g.
hypotension or severe dyspnoea), riociguat was switched
to macitentan monotherapy or replaced by sildenafil
for combination therapy. Patients with clinical worsen-
ing (CW) or without clinical improvement, switched to
combination therapy (with ERA and sildenafil/riociguat/
prostacyclin). From 2016 onwards, upfront combination
therapy was initiated (riociguat/sildenafil plus ERA) in
severely symptomatic patients, as later was postulated by
the risk stratification strategy of the European Society of
Cardiology/European Respiratory Society guideline [14].
In case of patients on combination therapy with worsening
risk stratification group, therapy was extended to triple
therapy with intravenous prostacyclin or selexipag.

Balloon pulmonary angioplasty (BPA) was introduced
in our expert centre in 2016. Patients were systematically
reviewed for BPA to stabilise or improve hemodynam-
ics and exercise tolerance [15], even if clinically sta-
ble. Patient follow-up was censored from the first BPA
onwards, to differentiate between ERA and BPA effect.

Baseline and Follow-Up

Baseline was defined as start of ERA. Patient character-
istics, time from diagnosis till baseline, medical history
and additional tests were collected if performed within
3 months of diagnosis. Outpatient follow-up visits alter-
nated between a pulmonologist and cardiologist every
3 months.
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Outcomes

Patients were followed from baseline till 2 years after ERA
initiation or last available information before (latest date
ERA use, death, start BPA or end of study observation
period (01-2019)). Death was defined as all-cause mortality
and CW as a combined outcome of death, disease progres-
sion or non-elective hospitalisation for CTEPH. Disease
progression was considered a reduction > 15% of 6MWD
from baseline to last available information plus worsening
WHO FC (except patients already in FC IV) or the use of
intravenous prostacyclin or selexipag therapy. Only the first
event of CW during the observation period was noted. All
treatment AEs were noted.

WHO FC, 6MWD and NT-proBNP were determined at
baseline and follow-up. Follow-up assessments were col-
lected annually (from baseline) from outpatient visits closest
to 1- and 2-year follow-up dates.

Statistical Analyses

Statistical analyses were performed with SPSS software
(IBM SPSS statistics version 24). Tests were two-tailed
with p <0.05 considered statistically significant. Nor-
mally distributed continuous variables were presented as
mean + standard deviation (SD), not normally distributed
variables as median (interquartile range (IQR)). Categorical
data were presented as number and percentage. Differences
between bosentan and macitentan were assessed with student
t-tests, Mann—Whitney U, Pearson X2 and Fisher exact tests.
Differences between follow-up and baseline were assessed
with paired r-test, Wilcoxon signed rank and McNemar tests.
Survival and time to CW were analysed with Kaplan—-Meier
curves and predictors with Cox proportional hazards regres-
sion (HR) analyses. Weighted regression with inverse proba-
bility of treatment weighting IPTW) using propensity score
was used to adjust baseline differences. Waiting time from
diagnosis to baseline was corrected with a time-dependent
covariate. The study was approved by the local ethical com-
mission (number W17.132).

Results
Study Population

In total, 302 CTEPH patients were screened for this study, of
which 111 patients were accepted for PEA and 45 for BPA.
One hundred ninety patients were excluded as they did not
receive ERA therapy. One hundred twelve patients (mean
age 62.3 +14.2 years, 58% female, 68% WHO FC III/1V,
88% technical inoperable) could be included in this study,
with 57 patients (51%) receiving bosentan and 55 (49%)

receiving macitentan (Fig. 1). Waiting time from base-
line was not significantly longer for macitentan (0.5 years
(0-6.8)). At baseline, 37 patients (65%) received bosentan
monotherapy and 20 (35%) bosentan—sildenafil therapy. Fif-
teen patients (27%) had macitentan monotherapy, 24 (44%)
macitentan-riociguat and 16 (29%) macitentan—sildenafil.
Significantly more patients received bosentan monotherapy
than macitentan monotherapy and no patient had bosen-
tan—-riociguat therapy (both p=0.001). At baseline, there
were significantly more smokers in the macitentan cohort
(»=0.02). No patient had a history of ventriculoatrial shunt
or chronic osteomyelitis. Although not statistically signifi-
cant, baseline NT-proBNP, right atrial pressure (RAP) and
PVR were higher in patients receiving macitentan (Table 1).

Survival

The 2-year survival rate was 91% for bosentan and 80%
for macitentan, univariate HR mortality macitentan 1.85
[0.56-6.10], p=0.31) and after [IPTW adjustment HR 1.49
[0.40-5.61], p=0.55. In total 12 patients (11%) died, of
which 6 received bosentan. Two patients on bosentan died
in the first year (survival rate 96%) and 4 in the second year.
For macitentan this were respectively 3 (survival rate 92%)
and 3 patients (Fig. 2). Significant multivariate predictors
for mortality were RAP (HR 1.13 [1.01-1.26]), cardiac out-
put (CO) (HR 0.43 [0.24-0.79]) and 6MWT lowest satura-
tion (HR 0.91 [0.86-0.97]), all at baseline (Table A.1). The
type of ERA was not a predictor for survival. Patients who
died used macitentan monotherapy (n=2, 17%), maciten-
tan-riociguat combination therapy (n=4, 33%), bosentan
monotherapy (n=3, 25%) and bosentan—sildenafil combina-
tion therapy (n=3, 25%). No patient using macitentan—silde-
nafil died (Figure B.1). A comparison of bosentan versus

CTEPH screened
(n=302)

Patients excluded (n=190)
No ERA therapy

Inoperable / residual
CTEPH patients on
ERA therapy
(n=112)

¥V Y
Bosentan Macitentan
(n=57; 51%) (n=55; 49%)

AN

Bosentan Bosentan-
monotherapy sildenafil
(n=37; 65%) (n=20; 35%)

Macitentan-
sildenafil
(n=16; 29%)

Macitentan-
riociguat
(n=24; 44%)

Macitentan
monotherapy
(n=15; 27%)

Fig. 1 Flow-chart of patient selection and treatment strategies
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Table 1 Patient baseline characteristics

All patients (n=112) Bosentan (n=57) Macitentan (n=55) p value
(Mean +SD) (Mean +SD) (Mean +SD)
Demographic characteristics, n (%)
Age (years) 62.3+14.2 62.6+14.4 62.1+14.1 0.866
Female gender 65 (58.0) 32 (56.1) 33 (60.0) 0.706
Inoperable/residual CTEPH 98 (87.5) /14 (12.5) 50 (87.7)/7 (12.3) 48 (87.3)/7 (12.7) 0.943
VKA/NOAC/LMWH (%) 92/7/1 98/2/0 85/13/2 0.069
Monotherapy 52 (46.4)* 37 (64.9) 15 (27.3) 0.001
ERA +riociguat 24 (21.4)* 0 24 (43.6) 0.001
ERA +sildenafil 36 (32.1)* 20 (35.1) 16 (29.1) 0.548
History taking, n (%)
Smokers (ever) 53 (48.2) 21 (38.2) 32 (58.2) 0.024
COPD 19 (17.0) 8 (14.0) 11 (20.0) 0.457
Hypertension 24 (21.4) 13 (22.8) 11 (20.0) 0.717
Diabetes 11 (9.8) 6 (10.5) 50.1) 1
Hyperlipidemia 4(3.6) 2(3.5) 2(3.6) 1
Thyroid dysfunction 8(7.1) 4(7.0) 4(7.3) 0.998
Inflammatory bowel disease 3.7 2 (3.5 1(2.6) 0.615
Hematologic disease 29 (25.9) 13 (22.8) 16 (29.1) 0.520
Splenectomy 5(4.5) 4(7.0) 1(1.8) 0.364
Cardiac device 2(1.8) 0 2 (3.6) 0.495
Venous thrombosis 31 (27.7) 17 (29.8) 14 (25.5) 0.675
Acute pulmonary embolism 85 (75.9) 41 (71.9) 44 (80.0) 0.380
Clinical characteristics
WHO FC VII/II/IV (%) 1/31/64/4 2/26/68/4 0/36/60/4 0.536
NT-proBNP (pg/mL), median (IQR) 1020 (289-2145) 724 (264-1503) ® 1409 (291-2785) ¢ 0.066
6MWD (m), mean+ SD 324+126 324+118¢ 323+134°¢ 0.955
6MWT lowest saturation (%) 83.2+7.9 84.0+6.4° 82.6+9.2fF 0.427
Right-sided heart catheterization
CO (L/min) 5.1+1.7 52+15¢ 51+1.8" 0.682
RAP mean (mmHg) 8.6+4.5 794491 9.3+3.9¢ 0.122
PAP mean (mmHg) 422+10.6 41.6+1027 429+1124 0.554
PVR (WU) 6.6+3.7 6.0+29°¢ 73+4.4% 0.087

SD standard deviation, CTEPH chronic thromboembolic pulmonary hypertension, COPD chronic obstructive pulmonary disease, WHO FC
World Health Organisation functional class, NT-proBNP N-terminal pro-brain natriuretic peptide, 6MWD 6-minute walking distance, 6MWT
6-minute walking test, CO cardiac output, RAP right arterial pressure, PAP pulmonary arterial pressure, PVR pulmonary vascular resistance

“Data do not add up to 100% due to rounding
Sn=47
‘n=>52
=53
‘n=48
fn=49
tn=50
by =47
n=51
in=55
kn=46
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Fig.2 Kaplan—Meier survival and CW-free survival curves, number
of patients at risk receiving bosentan and macitentan and univariate
HR for mortality and CW

macitentan monotherapy and bosentan—sildenafil versus
macitentan—sildenafil showed no significant survival differ-
ence (p=0.2 and p=0.5, respectively).

Clinical Worsening

Two-year freedom from CW was 81% for bosentan and 58%
for macitentan, HR macitentan 2.16 [0.96-4.87], p=0.06.
Twenty-six patients (23%) experienced CW, of whom 11
(41%) received bosentan. CW was due to hospitalisation
(n=11, bosentan n=4), death (n="7, bosentan n=4), intra-
venous prostanoids (n =6, bosentan n=2) or worsened FC
plus 6MWD (n =2, bosentan n=1). Eight bosentan patients
had CW in the first year (CW-free survival 86%) and 3 in the
second year. For macitentan patients this were 7 (84%) and
8, respectively (Fig. 2). Significant multivariate predictors
for CW were RAP (HR 1.11 [1.04-1.21]) and 6MWT low-
est saturation (HR 0.96 [0.92-0.99]), all at baseline. Type of
ERA was not a predictor for CW (Table A.2).

Follow-Up

The mean study treatment duration was 1.9 +0.4 years for
bosentan and 1.2 +0.6 years for macitentan (p =0.0001).
Follow-up ended in 11 (20%) patients receiving macitentan
due to start of BPA treatment. Mean follow-up duration for
macitentan without censoring for BPA was 1.3 +0.6 years.
None of these patients died or experienced clinical worsen-
ing after start of BPA.

AEs were observed in 35 patients (31%). Twenty-one
patients receiving bosentan (37%) experienced an AE. Most
common were increased liver enzymes (n=9, 16%), leading
to discontinuation in 2 patients, and headache or dizziness

(n=4, 7%). Fourteen patients receiving macitentan (26%)
experienced an AE, with headache or dizziness (n=4, 7%),
upper respiratory tract symptoms (n=3, 5%) and fatigue
(n=3, 5%) as most common (Table A.3). Total AE rate did
not differ between therapies (p =0.19).

WHO FC stabilised/improved compared to baseline in 48
patients (94%, p=0.001) receiving bosentan at year 1 and
46 (94%, p=0.0002) at year 2. For macitentan, this were 29
(97%, p=0.001) and 12 patients (80%), respectively (Figure
B.2). A comparison of annual change to baseline showed no
statistical difference between both ERAs.

The level of NT-proBNP changed with bosentan — 68 pg/
mL (—403 to 59) at year 1 and — 28 pg/mL (—432 to 156)
at year 2, and with macitentan -293 pg/mL (- 1659 to 91,
p=0.02) and + 15 pg/mL (— 1130 to 247), respectively, but
without a significant difference between therapies.

Overall mean 6MWD increased during follow-up
with+21 m (CI 1-42, p=0.04) at year 1 and+25 m (CI
2-48, p=0.04) at year 2 for bosentan, and + 57 m (CI 30-85,
p=0.0001) and+ 35 m (CI 2-78, p=0.04) for macitentan,
respectively. Change from baseline was not significantly dif-
ferent between ERA type.

Discussion

In this study, we present the first real-world 2-year follow-up
results of both bosentan and macitentan therapy in inoper-
able CTEPH and residual PH after PEA patients. We show
improved clinical status compared to baseline, but without
a significant difference between both drugs. This is the first
study comparing outcomes of bosentan and macitentan in
CTEPH till 2-year follow-up.

Nowadays, PH-specific therapies for CTEPH other than
riociguat are gaining more interest and the use of combina-
tion therapy increases [7, 14]. In our expert centre, we often
prescribe combination therapy with riociguat/sildenafil plus
bosentan/macitentan. In recent years, we have prescribed
more macitentan than bosentan, as comparative studies in
PAH patients with congenital heart disease showed improved
WHO FC, NT-proBNP and TAPSE without any AEs after
switching to macitentan [16—19]. Macitentan is practical in
use as it is dosed once daily, does not require monthly liver
testing and has less interaction with anticoagulation ther-
apy [16], but is also more expensive compared to an equal
defined daily dose of bosentan. Nevertheless, comparative
research on clinical outcomes in CTEPH is not available.

In our cohort, survival was comparable between bosentan
(91%) and macitentan (80%) at 2-year follow-up. Survival
was highly consistent with results reported by Hughes et al.
[20] in their bosentan cohort (+90% at one-year follow-up)
and by Delcroix et al. [14] in their multicentre, international
prospective registry (79% at 2-year follow-up).

@ Springer



758

Lung (2019) 197:753-760

CW-free survival was not significantly higher in bosen-
tan than macitentan (81% vs 58) at 2-year follow-up. The
BENEFIT trial [8] showed only 4% CW, but this was for a
16-week observation period. Long-term CW-free survival
results of bosentan and macitentan in CTEPH are currently
unavailable.

Most AEs in our study were non-severe, except in 2
patients using bosentan. Their liver function deranged
despite dose tapering, leading to discontinuation. Our AE
rate is lower than in RCTs (bosentan 37% vs 68%, maci-
tentan 26% vs 75%) [8, 9], which might be caused by the
retrospective collection of AEs. Our AE rate is comparable
with previous cohort results [20]. No new safety issue was
identified.

Bosentan and macitentan (significantly) improved WHO
FC, NT-proBNP and 6MWD in our study, without a signifi-
cant difference between both ERAs.

WHO FC improved in 15% of all patients in the BEN-
EFiT trial [8], while no patient worsened in the MERIT
trial [9]. Cohort studies showed improved WHO FC
at 6 months (27%) and one year (24%) in patients using
bosentan [20-22]. Our current results for bosentan are more
profound at 1-year follow-up (37%) and persist till 2-year
follow-up (49%), probably partially explained by our better
baseline characteristics (better WHO FC and hemodynam-
ics). Results for macitentan at 1-year follow-up were highly
comparable with MERIT trial results [9]. However, 20% of
our patients using macitentan had worsened at 2-year follow-
up, but the number of patients was low.

NT-proBNP significantly decreased in the BENEFiT and
MERIT trial [8, 9], while there was no significant decrease
in our study at 2-year follow-up, probably due to our lower
baseline NT-proBNP. Ulrich et al. could not show significant
decrease of proBNP at 6-month follow-up either in their
cohort study [21].

The 6MWD remained unchanged in the BENEFIT trial
at 16-week follow-up, explained by the older age of patients
and short duration of the study [8]. We show in similar aged
patients improved (+25 m) 6MWD till 2-year follow-up.
The study duration may indeed have influenced results,
however, Reesink et al. [23] did already show a significant
improved (+33 m) 6MWD at 16 weeks. The difference with
the BENEFIT trial might be our real-world patients and
better hemodynamics at baseline in our cohort. Less stable
patients are more frequent included in cohort studies and
these patients may show more improved exercise capacity
with treatment. Comorbidities may also influence 6MWD,
but unfortunately these were not provided in the BENEFiT
trial [8]. Two other cohort studies showed improved 6MWD
at 6-month (+ 54 m) and 1-year follow-up (+ 57 m) [20, 21].
Our results are probably lower due to lower baseline 6 MWD
values. Patients receiving macitentan had improved 6MWD
at 2-year follow-up in our study, comparable with short-term
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results (+35 m vs+ 34 m) in the MERIT trial [9]. More
real-world studies are necessary to establish the long-term
treatment effect of ERAs in CTEPH.

Although none of the clinical outcomes was significantly
different between both ERAs, some results were less pro-
found for macitentan therapy, partly explained by a low
number of patients at risk at different time points and differ-
ences in baseline characteristics.

The low number of patients at risk for macitentan (e.g.
n=15 vs n=49 at 2-year follow-up) is partly explained by
the significant shorter macitentan treatment duration due
to shorter availability (2014) and the introduction of BPA
(2016) with consequent ending of patients’ follow-up for
this study. Treatment duration would be (slightly) longer
without censoring, which could have resulted in higher (CW-
free) survival. However, censoring was necessary to sepa-
rate macitentan and BPA effects, as BPA improves outcomes
[15]. In addition, disease duration before start of macitentan
was longer, which may have negatively influenced outcomes,
although we corrected this with a time-dependent covariate.

There were significant more smokers in the macitentan
group. Tobacco smoke exposure is a risk factor in PAH, ele-
vates pulmonary arterial pressure in adults and results in PH
at younger age [24-26]. Smoking may confound CTEPH and
may negatively influence outcomes. Baseline NT-proBNP
was higher in macitentan patients, indicating worse clinical
outcomes and more disease burden during follow-up [5-8,
27]. However, both smoking and NT-proBNP were not sig-
nificant multivariate predictors for outcomes in our study.

Both RAP and PVR at baseline were higher for patients
using macitentan, although not significantly. Previous
research showed that RAP predicts survival in PAH [28-30]
and CO predicts hemodynamic normalisation and in hospital
mortality after PEA [31, 32]. In our study, we confirm that
RAP and CO are predictors for outcomes in CTEPH as well.
PVR was not a multivariate predictor in our study.

Baseline 6BMWT lowest saturation was a multivariate pre-
dictor for death and CW in our study. Other research showed
comparable findings, as 6 MWT desaturations increase mor-
tality in PAH and correlate with pulmonary hemodynamics
in CTEPH patients [33, 34].

On the other hand, most bosentan patients started mono-
therapy, while most macitentan patients started combination
therapy. When bosentan was introduced in 2003, the guide-
line at that time recommended starting monotherapy and,
if indicated, sequential combination or triple therapy [13].

Nowadays, combination therapy in PAH patients is rec-
ommended, because it reduces the risk of CW and improves
long-term outcomes [4, 35-37] due to additive or synergis-
tic beneficial effects [38]. Although there is no randomised
research available in inoperable CTEPH patients, combi-
nation therapy may also be beneficial in CTEPH patients.
Combination therapy with macitentan versus monotherapy
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with bosentan may have influenced the outcomes in our
study, and may overestimate the effect of macitentan alone.
However, sub-analyses of both monotherapies and both
combination therapies with sildenafil did not show any dif-
ference. More research is necessary to distinguish between
outcomes of mono- and combination therapy.

Limitations

Our single-centre population was small and the number
of outcomes was limited, which may lead to overfitting in
regression analyses. However, as CTEPH data are scarce,
we consider our research valuable for sharing real-world
CTEPH treatment experience. There is a bias in patient
selection as patients already survived time to start of ERA
therapy. However, patients rarely die before therapy initia-
tion and we corrected for waiting time with a time-dependent
covariate. It is likely that the accuracy of diagnostic imag-
ing and the experience of the CTEPH team have increased
during the 16 years of patient inclusion; however, the direct
effect on treatment and outcome is difficult to predict.

Conclusion

Inoperable CTEPH and residual PH patients using bosen-
tan or macitentan show improved clinical outcomes up till
2-year follow-up, without significant different outcomes
between both therapies.
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