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ABSTRACT

Introduction: The aim of this sub-study was to
evaluate the relationship between echocardiog-
raphy (echo) and cardiac magnetic resonance
imaging (cMRI) variables and to utilize echo to
assess the effect of macitentan on right ventricle
(RV) structure and function.

Methods: REPAIR  (NCT02310672) was a
prospective, multicenter, single-arm, open-

Prior Presentation: A version of the data was previously
presented at the virtual CHEST 2020 Annual Meeting,
October 18-21.
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label, 52-week, phase 4 study in pulmonary
arterial hypertension (PAH) patients, which
investigated the effect of macitentan 10 mg as
monotherapy, or in combination with a phos-
phodiesterase S inhibitor, on RV structure,
function, and hemodynamics using cMRI and
right heart catheterization. In this sub-study,
patients were also assessed by echo at screening
and at weeks 26 and/or 52. Post hoc correlation
analyses between echo and cMRI variables were
performed using Pearson’s correlation coeffi-
cient, Spearman’s correlation coefficient, and
Bland-Altman analyses.

Results: The Echo sub-study included 45
patients. Improvements in echo-assessed RV
stroke volume (RVSV), left ventricular SV
(LVSV), LV end-diastolic volume (LVEDV), RV
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fractional area change (RVFAC), tricuspid
annular plane systolic excursion (TAPSE), and
in 2D global longitudinal RV strain (2D GLRVY)
were observed at weeks 26 and 52 compared to
baseline. There was a strong correlation
between echo (LVSV, 2D GLRVS, and LVEDV)
and cMRI variables, with a moderate correlation
for RVSV. Bland-Altman analyses showed a
good agreement for LVSV measured by echo
versus cMRI, whereas an overestimation in
echo-assessed RVSV was observed compared to
cMRI (bias of — 15 mL). Hemodynamic and
functional variables, as well as safety, were
comparable between the Echo sub-study and
REPAIR.

Conclusions: A good relationship between rel-
evant echo and cMRI parameters was shown.
Improvements in RV structure and function
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with macitentan treatment was observed by
echo, consistent with results observed by cMRI
in the primary analysis of the REPAIR study.
Echo is a valuable complementary method to
cMRI, with the potential to non-invasively
monitor treatment response at follow-up.

Trial registration number: REPAIR
NCT02310672.
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Graphical Abstract:

Effect of Macitentan in PAH and the Relationship Between
Echocardiography and cMRI Variables: REPAIR Echo Sub-study Results

Adam Torbicki, Richard Channick, Nazzareno Galie, David G Kiely,
Pamela Moceri, Andrew Peacock, Andrew ] Swift, Ahmed Tawakol,
Anton Vonk Noordegraaf, Dayana Flores, Nicolas Martin, Stephan Rosenkranz

REPAIR Echo
sub-study:

REPAIR - A prospective,
multicenter, single-arm,
open-label, 52-week
phase 4 study

Macitentan

10 mg (+ PDE-5i) ®

45 PAH
patients
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RV structure and
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Improvements in echo
variables at Week 26
vs baseline
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Correlation between echo
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2. Echo is a valuable complementary method
to cMRI and has the potential to non-invasively

function assessed by echo | measure treatment response at follow-up

The graphical abstract represents the opinions of the authors. For a full list of declarations,
including funding and author disclosure statements, and copyright information, please see the

full text online. /\ diS
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Keywords: Echocardiography; Pulmonary
arterial hypertension; Cardiac magnetic
resonance imaging; Macitentan; Agreement;
Correlation
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Key Summary Points

Why carry out this study?

In the phase 4 REPAIR (NCT02310672)
study, macitentan treatment in pulmonary
arterial hypertension (PAH) patients, as
monotherapy or in combination with a
phosphodiesterase-5 inhibitor, led to
clinically relevant improvements in right
ventricle (RV) structure and function
assessed by cardiac magnetic resonance
imaging (cMRI) and right heart
catheterization.

While cMRI is the gold standard non-
invasive technique for RV assessment,
echocardiography (echo) may be more
appropriate to obtain serial measurements to
assess treatment responses over time, due to
the more demanding logistics of cMRI.

The aim of this post hoc subgroup analysis is
to evaluate the correlation and agreement
between comparable echo and cMRI
variables and to use echo to assess the effect
of macitentan on RV structure and function.

What was learned from the study?

A good relationship between relevant echo
and cMRI parameters was observed and
macitentan improved RV structure and
function in PAH patients as assessed by echo.

Echo is a valuable complementary method to
cMRI, with the potential to non-invasively
monitor treatment response at follow-up.

DIGITAL FEATURES

This article is published with digital features,
including a Graphical Abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.24723714.

INTRODUCTION

The hallmark of pulmonary arterial hyperten-
sion (PAH) is a progressive increase in pul-
monary vascular resistance (PVR) as a result of
pathological pulmonary vascular remodeling
[1]. Subsequently, changes to the structure of
the right ventricle (RV) occur, leading to a
decline in function, with RV failure constituting
the primary cause of death [1]. Formal diagnosis
of PAH requires an invasive right heart
catheterization (RHC) procedure. However,
complementary  non-invasive  procedures
including cardiac magnetic resonance imaging
(cMRI) and echocardiography (echo) can pro-
vide prognostic information on RV structure
and function and are currently recommended
as part of the multistep diagnostic approach for
suspected pulmonary hypertension in the 2022
European Society of Cardiology/European Res-
piratory Society guidelines [2, 3].

Recent advances in non-invasive imaging
modalities have led to increased use of these
techniques in the diagnosis and management of
patients with PAH [4, 5], and can aid evaluation
of the long-term effects of PAH therapies on risk
status, prognosis and RV remodeling [2-4, 6-9].
The wusefulness of each technique varies
depending on the parameters being assessed.
While cMRI is the gold standard and most reli-
able non-invasive tool for assessing RV structure
and function, and one which demonstrates
high repeatability [4, 5], it may not be suit-
able in specific situations (e.g., in patients with
implanted metallic devices) [5, 10]. Moreover,
the associated higher cost and lower availability
of cMRI limit its accessibility to all patients [10].
On the other hand, echo is a widely available
imaging modality providing complementary
comprehensive information to cMRI in patients
with PAH [8], and may be more appropriate to
obtain serial measurements to assess treatment
responses over time [11], given the more
demanding logistics of cMRI [1, 12]. Further-
more, echo is the method of choice for the
assessment of valvular disease and is an essen-
tial screening test in symptomatic patients at
risk for PAH [1, 13]. Official recommendations
published by the American Society of
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Echocardiography and the European Associa-
tion of Cardiovascular Imaging aim to stan-
dardize = the  methodology for  echo
measurements [14]. The value of imaging
parameters as surrogate endpoints in PAH clin-
ical trials still requires further investigation, and
more evidence is needed to validate and stan-
dardize their applicability.

In the REPAIR study, patients diagnosed with
PAH initiated macitentan 10 mg as monother-
apy, or as part of combination therapy with a
phosphodiesterase 5 inhibitor (PDE-5i) [15]. At
final analysis (N =71), PVR assessed by RHC
decreased by 38%, and mean RV stroke volume
(RVSV) assessed by cMRI increased by 12.0 mL
from baseline to week 26, suggesting that
macitentan contributes to beneficial remodel-
ing of the RV in PAH patients [15]. In addition
to the primary endpoints of PVR and RVSV,
secondary and exploratory RHC-derived and
cMRI-assessed endpoints were analyzed in the
REPAIR study [15]. For this study, additional
analyses using echo variables were also per-
formed and are considered post hoc. We report
here data from echo-assessed variables, in
addition to the RHC-derived hemodynamics
and non-invasive cMRI variables assessed dur-
ing the REPAIR study. These data provide a
unique opportunity to evaluate the relationship
between echo and cMRI-derived measures, in
relation to cardiac hemodynamics.

The aim of this post hoc subgroup analysis is
to evaluate the correlation and agreement
between comparable echo and cMRI variables
and to assess the effect of macitentan on RV
structure and function by echo.

METHODS

Data Sharing Statement

The data sharing policy of Janssen Pharmaceu-
tical Companies of Johnson & Johnson is
available at https://www.janssen.com/clinical-
trials/transparency. As noted on this site,
requests for access to the study data can be
submitted through Yale Open Data Access
(YODA) Project site at http://yoda.yale.edu.

REPAIR Study Design

REPAIR (NCT02310672) was a prospective,
multicenter, single-arm, open-label, 52-week
phase 4 study (Supplementary Material Fig. S1)
in patients with PAH, investigating the effect of
macitentan 10 mg either as monotherapy, or in
combination with a PDE-5i, on RV function and
hemodynamics as assessed by cMRI and RHC,
respectively. The study design has been descri-
bed in detail previously [15]. Briefly, patients
aged 18-74years with idiopathic or herita-
ble PAH, PAH related to connective tissue dis-
ease, drug use or toxin exposure, or simple
congenital systemic-to-pulmonary shunts at
least 2 years after repair were eligible. The main
exclusion criteria were body weight < 40 kg,
body mass index >35kg/m? or any con-
traindication to macitentan treatment or cMRI.
At screening, patients were required to be PAH
treatment-naive or receiving a stable back-
ground PDE-5i for at least 3 months, have a
6-min walk distance (6MWD) of > 150 m, and
be in World Health Organization functional
class (WHO EC) I-III. All patients eligible for the
REPAIR study were given the option to partici-
pate in the Echo sub-study, and this was con-
ducted at selected centers.

Clinical Assessments

Participants in the REPAIR study had cMRI and
assessments of 6MWD, WHO FC and N-termi-
nal pro-brain natriuretic peptide (NTproBNP)
performed at screening and at weeks 26 and 52,
while RHC was performed at screening and at
week 26. Analysis of plasma NTproBNP was
performed at a central laboratory. For patients
that also participated in the Echo sub-study, all
echo assessments (including 2D, M mode,
Doppler) were performed at screening and at
weeks 26 and/or 52. All echocardiograms were
centrally assessed by reviewers blinded to
patient identity and the date/sequence of image
acquisition. All images of a patient were asses-
sed at the same time by the same reviewer. For
the echocardiogram, patients were positioned
in left lateral recumbent position or in a posi-
tion that permitted optimal imaging. Images
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were acquired during quiet respiration. At least
five cardiac cycles were required for spectral
pulsed-wave and continuous-wave Doppler.

Treatment-emergent adverse events (AEs)
were defined as any AE with onset date from
study drug initiation until 30 days after study
drug discontinuation.

Outcome Measures

All echo variables, cMRI variables and 6MWD
were assessed by change from baseline to weeks
26 and 52 least squares (LS) mean (95% confi-
dence limits [CL]). For RHC variables, change
from baseline to week 26 LS mean (95% CL) was
measured. Change from baseline to weeks 26
and 52 geometric mean (95% CL) was assessed
for NTproBNP and change from baseline to
weeks 26 and 52 was assessed for WHO FC.

Statistical Methodology

The REPAIR safety set comprised all screened
patients who received > 1 dose of macitentan.
The Echo subgroup comprised all screened
patients who received > 1 dose of macitentan
and who were included in the Echo sub-study.
Changes in echo and cMRI variables were ana-
lyzed using an analysis of covariance (ANCOVA)
model with a factor for PAH-targeted therapy
(macitentan initiated alone in treatment-naive
patients, on top of stable background PDE-5i, or
as initial combination with a PDE-5i) and a
covariate for baseline parameter value. The
relationship between the following echo-
derived and cMRI-derived variables was evalu-
ated using linear regression analysis with Pear-
son’s correlation coefficient and the non-
parametric Spearman’s correlation coefficient:
(1) RVSV by echo (by pulmonic valve Doppler
and pulmonary artery annulus) versus RVSV by
cMRI (determined from pulmonary artery flow);
(2) left ventricular (LV) stroke volume (LVSV) by
echo (by Doppler) versus LVSV by cMRI (deter-
mined from aortic flow); (3) 2D global longitu-
dinal RV strain (2D GLRVS) by echo versus RV
ejection fraction (RVEF) by cMRI (by volume);
and (4) LV end-diastolic volume (LVEDV) by
echo (biplane mod) versus LVEDV by cMRL

Additionally, Bland-Altman analysis was per-
formed to assess agreement between the com-
parable echo and cMRI measured variables for
RVSV and LVSV in terms of bias and 95% limits
of agreement. The correlation and agreement
analyses are based on week 26 data. All analyses
were performed using SAS version 9.4.

Monitoring and Ethics Statement

The study was conducted in compliance with
the Declaration of Helsinki and ethical approval
was obtained from the independent ethics
committee/institutional review board of all
participating centers (Supplementary Materials
Table S1). All patients provided written
informed consent, and all echo and cMRI
results were centrally assessed by a blinded
imaging committee.

RESULTS

Patient Characteristics

A total of 112 patients were screened across 29
sites in 11 countries. Patient disposition is
shown in Supplementary Material Fig. S2; 87
patients received at least one dose of maciten-
tan (safety set) [15]. From the safety set, 46
patients were enrolled into the Echo sub-study;
45 patients had a baseline echo assessment (one
patient withdrew consent prior to the baseline
assessment) and 43 and 38 patients had weeks
26 and 52 echo assessments, respectively.
Patient demographics and baseline disease
characteristics for the Echo subgroup (N = 45)
are shown in Table 1, and are generally com-
parable to those reported in the REPAIR study
[15]. Briefly, 82.2% of patients were female with
a median (interquartile range [Q1, Q3]) age of
45 (35, 57) years. Most patients had a diagnosis
of idiopathic PAH (66.7%) and were in either
WHO FC II (31.1%) or III (68.9%). The median
(Q1, Q3) 6MWD was 387 (324, 453) m. Maci-
tentan was mostly initiated in treatment-naive
patients as monotherapy (26.7%) or in combi-
nation with a PDE-5i (44.4%); 28.9% of patients
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Table 1 Patient demographics and baseline characteristics

Echo subgroup

(N = 45)
Female sex, 7 (%) 37 (82.2)
Age, median (Q1, Q3), years 45 (35, 57)
BMI, mean (SD), kg/m* 254 (4.7)
PAH etiology, 7 (%)
Idiopathic 30 (66.7)
Heritable 2 (44)
Drug- or toxin-induced 1(22)
Associated with
Congenital heart disease® 2 (44)
Connective tissue disease 10 (22.2)
WHO FC, 7 (%)
I 0
I 14 (31.1)
111 31 (68.9)

6MWD, median (Q1, Q3), m 387 (324, 453)
PAH treatment strategy, 7 (%)

Macitentan initiated in treatment- 20 (44.4)
naive patients as initial

combination therapy with a PDE-

S5i

Macitentan initiated alone:

12 (26.7)
13 (28.9)

In treatment-naive patients

In patients receiving

stable background PDE-5i

*Only simple congenital systemic to pulmonary shunts at
least 2 years post-surgical repair. 6MWD 6-min walk dis-
tance, BMI body mass index, echo echocardiography, PAH
pulmonary arterial hypertension, PDE-5; phosphodi-
esterase 5 inhibitors, QI, Q3 interquartile range, SD
standard deviation, WHO FC World Health Organization

functional class

were receiving stable background PDE-5i prior
to macitentan initiation.

Echo Variables

Changes in echo variables from baseline to
weeks 26 and 52 for the Echo subgroup are
shown in Table 2 and Supplementary Material
Table S2. At week 26, the LS mean increased
from baseline for 20 variables including RVSV,
LVSV, LVEDV, RV fractional area change
(RVFAC) and tricuspid annular plane systolic
excursion (TAPSE), and decreased for 14 vari-
ables including 2D GLRVS. At week 26, RVSV
increased by 11.6mL, LVSV increased by
9.6 mL, 2D GLRVS decreased by 3%, and LVEDV
increased by 15.1 mL, compared to baseline
(Table 2). RVFAC increased by 7.5% and TAPSE
increased by 2.5 mm at week 26 compared to
baseline (Table 2). The absolute values of echo
variables RVSV, LVSV, 2D GLRVS and LVEDV at
baseline and week 26 are shown in Fig. 1. The
direction of the LS mean change from baseline
observed at week 52 was the same as at week 26
for these variables.

cMRI Variables

Change in cMRI variables from baseline to week
26 and 52 for the Echo subgroup and safety set
(N = 87) are shown in Table 3 and Supplemen-
tary Material Table S3 respectively. At week 26
in the Echo subgroup, the LS mean increased
from baseline for eight variables, including
RVSV (by flow and by volume), RVEF (by flow
and by volume), LVSV (by flow and by volume),
and LVEDV, and decreased for four variables,
including RV mass. All parameters showed the
same direction of change at week 26 and 52. For
the majority of variables, the LS mean change
from baseline to weeks 26 and 52 were compa-
rable between the Echo subgroup and safety set.

RHC Variables and Functional Parameters

The change in RHC variables and functional
parameters are shown for the Echo subgroup in
Table 4. From baseline to week 26, the LS mean
decreased for PVR, mean pulmonary arterial
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Table 2 Change in echo variables from baseline to weeks 26 and 52 (Echo subgroup, N = 45)

Echo variables n  Baseline Change from baseline to week 26 #  Change from baseline to week 52
Mean (SD) LS mean® (95% CL) LS mean® (95% CL)

RV fractional area 42 259 (119) 7.5 (44, 10.7) 38 7.1 (4.3,9.9)
change, %

TAPSE, mm 39 164 (3.5) 2.5 (14, 3.6) 35 32 (22, 42)

2D global longitudinal 36 — 139 (5.7) — 3.0 (— 4.7, — 1.4) 33 —35(— 49, — 2.1)
RV strain, %

RV stroke volume®, 28 684 (22.6) 11.6 (3.2, 20.0) 25 155 (4.6, 26.5)
mL

RV stroke volume 28 39.1 (12.8) 5.9 (1.7, 10.1) 25 8.7 (22,15.2)
index, mL/m>

RV cardiac index, 28 2.9 (1.0) 0.23 (— 0.10, 0.57) 25 0.46 (— 0.03, 0.94)
L/min/m?>

RV cardiac output, 28 5.1(1.9) 0.47 (— 0.12, 1.06) 25 0.81 (0.02, 1.60)
L/min

LV stroke volume®, 29 515 (182) 9.6 (3.8, 15.5) 25 119 (5.1, 18.6)
mL

RV myocardial 29 0.69 (0.38) — 020 (— 0.26, — 0.15) 25 — 030 (— 0.40, — 0.20)
performance index*

Mitral E/A ratio 35 095 (0.35)  0.19 (0.06, 0.32) 31030 (0.16, 0.44)

RV end-diastolic 43 453 (7.1) — 28 (—4.7,—08) 38 —32(—5.1,— 14)
diameter, mm

LV end-diastolic 32 706 (27.6) 151 (88, 21.4) 31 165 (89, 24.2)
volume, mL

Tricuspid 21 4.3 (0.74) — 0.36 (— 0.70, — 0.03) 19 — 029 (— 0.63, 0.05)
regurgitation PJV,
m/s

Heart rate, bpm 43 78.3 (14.6) — 7.0 (- 102, — 3.8) 38 — 82 (— 12,0, — 4.4)

*Analyzed using ANCOVA with a factor for PAH background therapy and a covariate for baseline parameter value

PDetermined from pulmonic valve Doppler and pulmonary artery annulus dimension

“By pulsed-wave Doppler
ANCOVA analysis of covariance, fpm beats per minute, CL confidence limit, echo echocardiography, LS least squares, LV
left ventricular, PAH pulmonary arterial hypertension, PJV peak jet velocity, RV right ventricular, SD standard deviation,
TAPSE tricuspid annular plane systolic excursion

pressure and mean right atrial pressure; the
cardiac index LS mean increased. Similar results
were observed for the safety set (Supplementary
Material Table S4). The change in 6MWD LS

mean increased from baseline to week 26 by
44m and this was maintained at week 52
(41 m). NTproBNP decreased by 60% and 50%
from baseline to weeks 26 and 52, respectively.
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The mean change in functional parameters were
similar for the Echo subgroup and safety set
(Supplementary Material Table S5). At weeks 26
and 52, 24 out of 43 patients with available
post-baseline assessment (56%) and 21 out of 39
patients (54%), respectively, had an improved
WHO FC; no patients worsened from baseline at
either timepoint (Table 5).

Correlation/Agreement Between Echo
and cMRI Variables

The relationship between comparable echo and
cMRI variables was assessed by correlation and
agreement analyses for the Echo subgroup.
Linear regression analysis by Pearson’s correla-
tion coefficient and Spearman’s correlation
coefficient resulted in a moderate correlation
between RVSV measured by echo and cMRI
(r =0.47 and r = 0.38, respectively) at week 26;
strong correlations were observed between
LVSV by echo and cMRI (r = 0.71 and r = 0.62,
respectively), 2D GLRVS by echo and RVEF by
cMRI (r=—-0.70 and r = — 0.70, respectively),
and LVEDV by echo and cMRI (r=0.80 and
r=0.74, respectively), at week 26 (Table 6,
Supplementary Material Fig. S3).

Bland-Altman analysis was performed to
assess agreement between the echo and cMRI
corresponding variables for RVSV and LVSV.
The bias at week 26 for RVSV measured by echo
compared to cMRI was — 15 mL, reflecting an
overestimation of RVSV by echo (Fig. 2a). For
LVSV measured by echo and cMRI, the
Bland-Altman analysis bias was close to zero,
indicating good agreement between the two
methods at week 26 (Fig. 2b). For both RVSV
and LVSV, 95% of the observations lied within 2
standard deviations of the mean change at week
26.

Safety and Tolerability

Safety data for the REPAIR study have been
previously reported [15]. The exposure and
safety data for the Echo subgroup are shown in
Supplementary Material Table S4. The median
(min, max) macitentan exposure time was 51.9
(5.4, 54.7) weeks. Thirty-nine (86.7%) patients

reported at least one treatment-emergent AE
and five (11.1%) reported at least one treat-
ment-emergent serious AE (SAE), with no fatal
treatment-emergent SAEs. The most frequent
AEs (= 10% of patients) included peripheral
edema, headache, and dizziness. There were five
(11.1%) patients that discontinued macitentan
treatment due to at least one AE.

DISCUSSION

In this REPAIR Echo sub-study, correlation and
agreement analyses both demonstrated a good
relationship between selected echo and cMRI
variables, and showed that echo is a valuable
complementary method for the assessment of
macitentan treatment effect on RV structure
and function in patients with PAH. Macitentan
treatment led to improvement in RV structure
and function as assessed by echo and cMRI, and
improved hemodynamics and functional vari-
ables in patients with PAH. Results from this
post hoc analysis were consistent with those
observed in the REPAIR primary analysis that
demonstrated improvements in RV functional
and hemodynamic parameters following maci-
tentan treatment assessment by cMRI and RHC,
respectively [15].

Most echo variables of cardiac structure and
function in this sub-study improved after
treatment with macitentan, including those
with known prognostic value in PAH, such as
RVSV, LVSV, LVEDV, RVFAC, TAPSE, and 2D
GLRVS [16-22]. Of note, the change in RVSV
measured by echo surpassed the threshold of a
minimally important difference (10 mL) [23],
with an increase of 11.6 mL at week 26 for the
Echo subgroup after treatment with maciten-
tan. This was consistent with the change in
RVSV as assessed by cMRI previously reported in
the REPAIR study [15]. Improvements were also
observed for LVSV and LVEDV, with increases of
9.6 mL and 15.1 mL respectively, at week 26
compared to baseline. In this analysis, maci-
tentan also improved the key prognostic
parameters RVFAC and TAPSE [19-21], with
RVFAC increasing by 7.5 and 7.1% at weeks 26
and 52, respectively, compared to baseline. The
mean increase in TAPSE above 17 mm observed
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«Fig. 1 Boxplots of echo variables a RV stroke volume,
b LV stroke volume, ¢ 2D global longitudinal RV strain,
and d LVEDYV, at baseline and at week 26 (Echo subgroup,
N = 45). The box plots show the median (/ize), mean (X),
and the first and third quartiles (outer box borders). The
upper and lower whiskers represent the location of the
maximum and minimum within the first and third
quartiles = 1.5 times the interquartile range. The circle
represents outliers. Echo echocardiography, LV left ven-
tricular, LVEDV LV end-diastolic volume, RV right

ventricular

at weeks 26 and 52 is associated with better
systolic function and survival [2, 3].

Measures of 2D GLRVS are particularly useful
for the evaluation of the function of the right
heart and a marker of subclinical worsening, as
it shows changes before other more conven-
tional parameters deteriorate [24]. The results
from our analysis suggest macitentan improved
2D GLRVS, as a worse 2D GLRVS (= — 15.5%)
has been shown to independently predict
adverse clinical events and death in patients
with PAH [22].

Mitral flow (E/A ratio) improved at week 26,
suggesting that improvements in RV function
are associated with normalization of LV filling
patterns, likely as a result of reduced leftward
septal bowing [25]. These data indicate that
echo can be sensitive enough to show clinically
relevant treatment effects in these parameters.

Given the unique RV anatomy, the estima-
tion of 2D echo parameters relying on volume
modelling by simple geometrical assumptions
can be challenging [26, 27]. These challenges
highlight the importance of central assessments
of echo parameters if used as endpoints in
clinical trials, as this has been shown to reduce
the variability of the measurements obtained
[28]. In this study, assessment of imaging data
for each individual patient was performed
batch-wise at the same time by the same
reviewer.

Assessment of the structure and function of
the heart plays an essential role in the follow-up
of patients with PAH. Although cMRI is con-
sidered the gold standard technique for assess-
ing RV structure and function, it is not always
feasible and available. In its absence, echo can

help clinicians to assess response to therapy at
clinical follow-up. In a prospective study of 27
patients with PAH, 3D reconstruction of 2D
transthoracic echo images to measure RVSV, RV
end-diastolic volume (RVEDV), RV end-systolic
volume (RVESV) and RVEF correlated well with
cMRI assessed using Pearson’s correlation coef-
ficient [12]. Similar observations were seen in a
prospective study of 30 patients with PAH,
which showed a strong correlation between 2D
GLRVS by echo and RVEF by cMRI (r = 0.69)
[29].

Our analysis found a strong correlation in
three of the four variables measured by echo
and cMRI, including LVSV by echo and cMR]I,
LVEDV by echo and cMRI, and 2D GLRVS by
echo and corresponding RVEF by cMRI in
patients with PAH. However, only a moderate
correlation was observed for RVSV assessed by
echo and cMRI for the patients in our study.
The difference in the level of correlation for
RVSV by echo and cMRI between this analysis
and the aforementioned study by Bhave et al.
[12], could be due to their use of 3D recon-
struction of 2D transthoracic images, in com-
parison to 2D echo used in this study.

In our study, the Bland-Altman analysis
showed a good agreement for LVSV measured
by echo and cMRI. RVSV reflected an overesti-
mation compared to cMRI, as shown by the
mean RVSV at baseline of 68.4 mL measured by
echo and 48.9 mL by cMRI. The overestimation
of RVSV by echo could be explained by the
underlying pathophysiology of this patient
population and the method of choice to assess
the RVSV. In this study, RVSV by echo was
assessed using pulmonic valve Doppler and
pulmonary artery annulus. This method offers
an indirect way of measuring the RVSV as it
relies on the assumption that the cross-sectional
area of the pulmonary artery annulus remains
constant during the cardiac cycle, which may
not always be the case in patients with PAH. In
contrast, cMRI provides a direct measurement
of the RVSV using 3D images without the need
for geometric assumptions [30]. However, cMRI
can underestimate the RVSV by flow, for
example, by the occurrence of off plane orien-
tation of the slice as well as turbulent flow
leading to further underestimation [31]. Yet, it
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Table 3 Change in ¢MRI variables from baseline to weeks 26 and 52 (Echo subgroup, N = 45)

c¢MRI variables n  Baseline Change from baseline n  Baseline Change from baseline

Mean (SD)  to week 26" LS mean Mean (SD)  to week 52° LS mean
(95% CL) (95% CL)

RV stroke volume by flow®, mL 38 489 (185) 140 (94, 18.6) 35 481 (19.1) 173 (127, 21.8)

RV stroke volume by volume®, mL 40 559 (19.1) 152 (10.6, 19.7) 35 560 (195) 158 (111, 20.5)

RVEDV, mL 40 1490 (482) 09 (— 7.3, 9.0) 35 147.1 (441) 3.1 (= 59, 12.0)

RVESV, mL 40 931 (439) — 152 (— 218 —86) 35 O9L1(39.0) — 137 (— 224, — 5.0)

RV cjection fraction by flow®, % 37 359 (161) 9.3 (6.2, 12.4) 34 349 (157) 120 (7.7, 163)

RV ¢jection fraction by volume®, % 40  39.7 (13.3) 9.8 (7.1, 12.4) 35 39.8 (12.8) 10.5 (6.7, 14.3)

RV mass, g 40 102.8 (407) — 65 (— 122, —09) 35 1038 (425) — 2.7 (— 95, 4.1)

LV stroke volume by flow?, mL 38 469 (17.2) 161 (12.1, 20.2) 34 462 (17.8) 167 (125, 20.9)

LV stroke volume by volume®, mL 40  53.3 (19.6) 19.9 (15.6, 24.3) 35  53.3 (20.6) 17.5 (13.7, 21.3)

LVEDV, mL 40 878 (289) 213 (152, 27.5) 35 88.1(302) 190 (13.6, 24.4)

LVESV, mL 40 345 (170) 13 (— 24, 49) 35 348 (17.0) 14 (— 24, 53)

LV ejection fraction by flow®, % 37 537 (119) 40 (0.9, 7.1) 34 531(119) 73 (35, 1L1)

LV ejection fraction by volume, % 40  61.5 (12.9) 2 (4.0, 8.4) 35 612 (12.8) 6.1 (3.8, 8.4)

LV mass, g 40 1027 (243) 4.1 (0.8, 7.4) 35 1032 (255) 53 (14 9.2)

RVEDV/LVEDV® 40 053 (032) — 022 (— 029, — 0.16) 35 052(031) — 0.19 (— 026, — 0.12)

RVESV/LVESV® 40 1.00 (048)  — 023 (— 034, — 0.13) 35 099 (049) — 023 (— 037, — 0.09)

*Analyzed using an ANCOVA with a factor for PAH background therapy and a covariate for baseline value

®Determined from pulmonary artery flow
“Determined from volume
9Determined from aortic flow

“Log transformed

ANCOVA analysis of covariance, CL confidence limit, cMRI cardiac magnetic resonance imaging, echo echocardiography, LS least squares,
LV left ventricular, LVEDV LV end-diastolic volume, LVESV LV end-systolic volume, PAH pulmonary arterial hypertension, RV right
ventricular, RVEDV RV end-diastolic volume, RVESV RV end-systolic volume, SD standard deviation

is difficult to deduce with any degree of cer-
tainty what the true reasons are for this
overestimation.

The most frequent AEs reported for the Echo
subgroup; peripheral edema, headache, and
dizziness, were comparable to those previously
reported in the REPAIR study [15]. Altogether,
these results add to the evidence supporting the
beneficial effects of macitentan either initiated
as monotherapy or as part of an initial or

sequential combination therapy regimen, and
also demonstrate the value of echo measures to
capture such improvements.

Due to the post hoc nature of this study,
some potential biases exist; no adjustments
were made for multiplicity, patients may not
have had complete data for all variables, and
there was limited interpretation of an increase
and/or decrease in specific echo variables due to
a lack of published validated thresholds in PAH.
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Table 4 Changes in RHC variables and functional parameters from baseline to week 26 and week 52 (Echo subgroup,

N = 45)

RHC parameters

n Baseline
Mean (SD)

Change from baseline
to week 26*
LS Mean (95% CL)

PVR, dyn.sec/cm’

42 1016.3 (491.1)

—375.6 (—464.2,-286.9)

mPAP, mmHg 42 55.6(14.1) -8.7(-11.9,-5.5)
mRAP, mmHg 42 6.2(3.9) -0.3(-1.4,0.8)
Cardiac index, L/min/m? 42 2.4(0.6) 0.6 (0.4, 0.8)
Functional parameters
n Baseline Change from baseline n Baseline Change from baseline
Mean (SD) to week 26* Mean (SD) to week 52°
LS Mean (95% CL) LS Mean (95% CL)
6MWD, m 44 408.2(122.7) 44.3 (21.7, 66.9) 40 4082 (122.5) 41.0 (13.5, 68.6)
n Baseline Geometric mean ratio n Baseline Geometric mean ratio
Mean (SD)  of week 26” to baseline Mean (SD) of week 52° to baseline
(95% CL) (95% CL)
NTproBNP, ng/L 37 (;;‘23‘21) 0.4 (0.3,0.6) 33 (532?411) 0.5 (0.3, 0.6)

*Analyzed using an ANCOVA with a factor for PAH background therapy and a covariate for baseline value
6MWD 6-minute walk distance, ANCOVA analysis of covariance, CL confidence limit, echo echocardiography, LS least
squares, 72PAP mean pulmonary arterial pressure, 72RAP mean right atrial pressure, N7proBNP N-terminal pro-brain
natriuretic peptide, PAH pulmonary arterial hypertension, PVR pulmonary vascular resistance, RHC right heart
catheterization, SD standard deviation

Table 5 Changes in WHO FC from baseline to week 26 and week 52 (Echo subgroup, N = 45)

Week 26

Baseline

WHO FC 1 WHO FC IT WHO FC III WHO FC 1V Missing Total
WHO FC1 0 0
WHO FC II 0 14
WHO FC 111 17 2 29
Total 7 27 2 43
Baseline Week 52

WHO FC1 WHO FC 11 WHO FC 111 WHO FC 1V Missing Total
WHO FC1 0 0
WHO FC II 1 13
WHO FC 11T 2 5 26
Total 4 6 39

Subjects displayed under column ‘Missing’ are those with no available post-baseline assessment. Shading indicates change in

WHO FC category (green: improved; grey: no change; red: worsened)

Echo echocardiography, WHO FC World Health Organization functional class
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Table 6 Correlation between echo and cMRI variables at week 26 (Echo subgroup, N = 45)

Echo variable ~ c¢MRI variable  Pearson’s correlation Spearman’s correlation Level of
coefficient (») coefficient (») correlation
RV stroke RV stroke 0.47 0.38 Moderate
volume® volume®
LV stroke LV stroke 0.71 0.62 Strong
volume® volume?
2D GLRVS RV e¢jection — 0.70 — 0.70 Strong
fraction®
LVEDV LVEDV 0.80 0.74 Strong

Level of correlation reported according to Cohen guidelines; » < 0.3 = weak, » > 0.3 to < 0.5 = moderate, and » > 0.5

= strong [32]

*Determined from pulmonic valve Doppler and pulmonary artery annulus dimension

®Determined from pulmonary artery flow
“Determined from pulsed-wave Doppler
Determined from aortic flow
“Determined from volume

2D GLRVS 2D global longitudinal RV strain, ¢MRI cardiac magnetic resonance imaging, echo echocardiography, LV left
ventricular, LVEDV LV end-diastolic volume, RV right ventricular

Furthermore, very few patients in the REPAIR
study experienced disease progression and
therefore no assessment could be made on the
use of echo and cMRI variables in measuring
PAH worsening. A number of echo variables had
a considerable level of missing data, mainly
attributed to absent calibrations for M-mode
and Doppler images, absent calibrations for
time-based measurements, and poor resolution/
quality which made some images unmeasur-
able. Lastly, the Echo subgroup sample size was
small (however, observed cMRI, RHC, and
functional results were consistent with the lar-
ger REPAIR safety set), and some echo-assessed
variables, including tricuspid regurgitation peak
jet velocity, were only reported for a small
number of participants.

CONCLUSIONS

In this Echo sub-study, a good relationship
between relevant echo and cMRI parameters
was shown. Improvements in RV structure and
function with macitentan treatment were
observed by echo, consistent with results

observed by cMRI in the primary analysis of the
REPAIR study. These data show that echo is a
valuable complementary method for the
assessment of macitentan treatment effect on
RV structure and function and has the potential
to non-invasively monitor treatment response
at follow-up.
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