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ABSTRACT

Introduction Management of inoperable chronic
thromboembolic pulmonary hypertension (CTEPH) remains
a clinical challenge. Currently, medical treatment involving
pulmonary vasodilators (such as soluble guanylate-cyclase
stimulators) is recommended, primarily for ameliorating
symptoms. More recently, balloon pulmonary angioplasty
(BPA) has been developed as alternative treatment

for inoperable CTEPH. This study aimed to compare

the efficacy and safety of BPA and riociguat (a soluble
guanylate-cyclase stimulator) as treatments for inoperable
CTEPH.

Methods and analysis This study is a multicentre
randomised controlled trial. Subjects with inoperable
CTEPH were randomised (1:1) into either a BPA or riociguat
group, and observed for 12 months after initiation of
treatment. The primary endpoint will be the change in
mean pulmonary arterial pressure from baseline to 12
months after initiation of treatment. For primary analysis,
we will estimate the least square means difference and
95% Cl for the change of pulmonary arterial pressure
between the groups at 12 months using the analysis of
covariance adjusted for allocation factors.

Ethics and dissemination This study and its protocols
were approved by the institutional review board of Keio
University School of Medicine and each participating
institution. Written informed consent was obtained from

all participants. Results will be disseminated at medical
conferences and in journal publications.

Trial registration number University Hospital

Medical Information Network Clinical Trial Registry
(UMIN000019549); Pre-results.

INTRODUCTION

Chronic thromboembolic pulmonary hyper-
tension (CTEPH) is characterized by stenosis
and/or occlusion of pulmonary arteries
caused by organised thrombi.! Early diag-
nosis and appropriate treatment are critical,
as the condition is associated with a high rate

Strengths and limitations of this study

» This is a randomised controlled trial comparing the
efficacy and safety of balloon pulmonary angioplas-
ty (BPA) and riociguat in patients with inoperable
chronic thromboembolic pulmonary hypertension.

» This study evaluates the efficacy and safety of BPA
and riociguat over a relatively longer period (12
months).

» This is the first study to compare health insurance
resource costs between BPA and riociguat.

» A limitation of this study is the open-label trial
design.

» Another limitation of this study is that a relatively
small number of subjects were recruited.

of mortality due to right-sided heart failure.”
Pulmonary endarterectomy (PEA) is an
established curative treatment for operable
CTEPH.?* According to the American Heart
Association/American College of Cardi-
ology,’ European Society of Cardiology/
European Respiratory Society (ESC/ERS)®
and Japanese Circulation Society/the Japa-
nese Pulmonary Circulation and Pulmonary
Hypertension Society (JCS/JPCPHS)’ guide-
lines, PEA is recommended for patients with
operable CTEPH as the firstline therapy in
the case of recommendation class I and level
of evidence C.

In 2014, for the first time, a soluble
guanylate-cyclase stimulator (riociguat, a
pulmonary vasodilator) received approval for
insurance reimbursement in the context of
inoperable or persistent/recurrent CTEPH.
This was based on the findings of a multi-
centre randomised clinical trial (CHEST-1)®
and its extension study (CHEST-2),? which
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Figure 1 Flow diagram of study recruitment and

randomisation. After obtaining consent and diagnosis

of chronic thromboembolic pulmonary hypertension is
confirmed, subjects will be randomised into either the
balloon pulmonary angioplasty or riociguat group, to receive
treatment for 12 months. Observations will be recorded at the
time of screening; at baseline and at 0-4, 6 and 12 months
after the initiation of treatment. BPA, balloon pulmonary
angioplasty; CTEPH, chronic thromboembolic pulmonary
hypertension.

highlighted the efficacy of riociguat for patients with
inoperable CTEPH. Balloon pulmonary angioplasty
(BPA) is a catheter-based treatment, which has also been
reported to be effective for inoperable CTEPH.'**
Riociguat and BPA are recommended for patients with
inoperable CTEPH in the case of recommendation class

I and level of evidence B, or recommendation class IIb
and level of evidence C, respectively, in the 2015 ESC/
ESR guidelines,” and in the case of recommendation class
I and level of evidence B, and recommendation class I
and level of evidence C, respectively, in the 2017 JCS/
JPCPHS guidelines.” Although BPA is associated with the
risk of complications such as procedure-related pulmo-
nary artery injury, it can result in marked improvement of
CTEPH. Riociguat is an effective pulmonary vasodilator
and is associated with a low risk of serious adverse events.
It has been reported that sequential treatment with
riociguat and BPA results in significant improvements in
terms of mean pulmonary arterial pressure and pulmo-
nary vascular resistance among patients with inoperable
CTEPH,* no reports to date have directly compared the
treatment outcomes of these two treatment methods. A
randomised controlled trial comparing riociguat and
BPA (the RACE study) is conducted in France,** aligning
with the start of this study.”” The aim of this study is to
compare the efficacy and safety of riociguat and BPA for
inoperable CTEPH over the course of 12 months. The
results of this study may aid in optimising treatment selec-
tion and improving patient outcomes.

METHODS AND ANALYSIS

Study design and setting

This multicentre randomised controlled trial based on
BPA for CTEPH (MR BPA) study recruited subjects from
15 January 2016 to 31 October 2019. This study is a multi-
centre, prospective, randomised controlled trial. As shown
in figure 1, subjects willing to consider enrollment were
consented prior to invasive evaluation. Subjects under-
went right-heart catheterization and pulmonary angiog-
raphy for definitive diagnosis of CTEPH by the standard
practice in Japan. The identified CTEPH patients were
provisionally enrolled in this study. An independent
experienced PEA surgeon determined if subjects were
eligible for PEA. If the subjects were deemed technically
operable, they were excluded from this study. Those who
were judged to have inoperable CTEPH were assigned
into either a BPA or riociguat group via an online assign-
ment system, and will be observed for 12 months. In the
BPA group, the severity of pulmonary hypertension and
morphology of the pulmonary lesion were evaluated by
preoperative right-heart catheterization and pulmonary
angiography. Then, BPA will be conducted depending on
the lesion type. If lesions of pulmonary artery are not suit-
able for BPA, the procedure will not be performed even
if the patient is assigned to the BPA group. However, at
least among the collaborative institutions included in this
study, PEA-inoperable patients are very rarely considered
unsuitable for BPA, because these institutes are expert
BPA centres in Japan. In general, BPA will be completed
within 4 months of the first BPA procedure. In the riociguat
group, 1.0mg riociguat will be administered three times
per day. When systolic blood pressure is 95 mm Hg or
higher, the dose will be increased by 0.5 mg every 2weeks
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Table 1 Schedule of assessments for enrolled subjects

Screening Baseline Observation period
0-4 6 months+1 12 months+2

Observation items ~0 month 0 month months  month months
Subjects’ attributes O O — — —
6min walk distance — O - O O
Borg dyspnea index — O — O O
WHO functional class — O — O O
Right-heart catheterization O — — O O
Pulmonary angiography O — — — —
Pulmonary function — O — O O
Blood gas test* O — O O
Vital signs* O — O O

Echocardiography (cardiac ultrasound) — O — @) O
Chest X-ray O Ot O O
Chest CT scan O - Ot O O
Oxygen therapy usage status — O — O O
Adverse event onsett — — «~0O-
Clinical worsening and time to clinical worseningt — — « O—>
Quality-of-life parameters (EQ5D) O - O O
Health insurance — = O
BPA status§ - - O — —
Medication adherencef] — = «~0O—

*Recommended during right-heart catheterization.
TRequired if BPA is performed.

fOnset of adverse events and indices related to clinical worsening will be observed as necessary throughout the clinical study period.

§Observational items for the BPA group.
fObservational items for the riociguat group.
BPA, balloon pulmonary angioplasty.

up to a maximum dosage of 2.5mg three times per day.
Dosage adjustment will be completed within 4 months of
the first administration of riociguat, and administration
will be continued for a total of 12 months. Observations
will be made at the time of screening; at baseline and
at 0-4, 6 and 12 months after initial treatment. Table 1
shows the schedule of assessments performed at each
visit for each treatment group, including mandatory and
optional assessments.

Sample size calculation

Previously, BPA has been shown to resultin reduced mean
pulmonary arterial pressure from 45.4+9.6 to 24.0+6.4 mm
Hg (mean+SD) within 24months,'" while riociguat has
been reported to decrease pulmonary arterial pressure by
4+7mm Hg.9 Based on these studies, it was assumed that
the change in mean pulmonary arterial pressure from
the start of treatment to 12 months after treatment would
be ~15mm Hg for the BPA group and -4 mm Hg for the
riociguat group, with SD of 14 and 10, respectively. The
minimum sample size required to achieve a significance
of 0.05 from a two-sided test with a statistical power of
90% was determined to be 27 subjects for both groups, a
total of 54 subjects. We estimated the dropout rate to be

10%; thus, the planned enrollment was set at 60 subjects,
with 30 in each group.

Eligibility criteria
Inclusion criteria: (a) Diagnosis with CTEPH with a WHO
functional class II or III based on the diagnostic criteria
of the 2012 Japanese Circulation Society guidelines,*
(b) age = 20 or <80 years, (c) mean pulmonary arterial
pressure of 225to <60mm Hg and pulmonary artery
wedge pressure of <I5mm Hg, (d) administration of
appropriate anticoagulant therapy for at least 3 months
prior to study enrollment (in the case of warfarin, the
prothrombin time-international normalised ratio should
be 1.5-3.0) and (e) provision of written informed consent
to participate after full explanation of this study.
Exclusion criteria: (a) History of BPA, (b) PEA within
6months prior to study enrollment, (c) use of unap-
proved pharmaceutical products, (d) use of a pulmonary
vasodilator within 4 weeks prior to right-heart catheter-
ization, (e) co-existing aetiology of pulmonary hyperten-
sion, (f) pregnancy or breastfeeding, (g) contraindicated
for riociguat, (h) life expectancy of less than 2years and
(i) deemed to be unsuitable for participation by the
investigators.
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Recruitment and consent

The informed consent document was presented to poten-
tially eligible subjects to provide a comprehensive expla-
nation of this study. Written consent was then obtained.

As a general rule, subjects willing to consider enroll-
ment were consented prior to right-heart catheter-
ization and pulmonary angiography for definitive
diagnosis of CTEPH by the standard practice in Japan.
However, to reduce the burden on the subjects, suitable
patients that had undergone comprehensive evaluation,
including right-heart catheterization and pulmonary
angiography, within 3 months prior to the consenting
could also be enrolled to this study. This was explained
to subjects by investigators at the time of obtaining
consent.

Once consent was obtained, an independent expe-
rienced PEA surgeon who is not involved in this study
determined operability (whether subjects were eligible
for PEA) based on imaging data according to the Guide-
lines for Treatment of Pulmonary Hypertension (2012
revised version).?

Random allocation

Random assignment were performed centrally with strat-
ification by mean pulmonary arterial pressure (<40and
240mm Hg), and research institutions (Keio University,
Okayama Medical Center, Kyusyu University and Kobe
University) by biased-coin minimisation.

Endpoints

The primary endpoint will be the change in mean pulmo-
nary arterial pressure between baseline and 12 months.
Secondary endpoints will include several clinical and
quality-of-life parameters (as detailed in table 2).

Data collection

An electronic, clinical-test data collection system—elec-
tric data capture (EDC) system—is used for data collec-
tion. In cases when the system is unavailable, a case report
form—a specialised data collection form—is used, and
the data were later entered into the EDC. The investi-
gators who enter information into the EDC system are
responsible for ensuring accuracy and completeness of

Table 2 Secondary endpoints that will be measured and/or compared at baseline and at 12 months after initiation of

treatment

Endpoint

Change in 6 min walk distance
Change in Borg dyspnea index
Change in haemodynamic variables

Change in WHO functional class

Change in plasma brain natriuretic peptide
levels

Change in Sa0, and PaO,
Change in usage volume of oxygen therapy

Including pulmonary vascular resistance, mean right arterial pressure, cardiac
output, etc.

Including commencing oxygen therapy due to exacerbation of primary

disease or dosage change.

Change in pulmonary function

Change in echocardiography parameter
Frequency and severity of pulmonary artery
injury

Frequency of adverse events

Assessed by chest X-ray and chest CT scan.

Bloody sputum/hemoptysis/pulmonary haemorrhage (vascular perforation,

vascular dissection, vascular rupture, etc), pneumothorax, hypotension,
pulmonary congestion/pulmonary oedema, late-onset lung disturbance,
heart failure, pneumonia, headache, dizziness, peripheral oedema,
nausea/vomiting, retching, diarrhoea, nasopharyngitis, upper respiratory
inflammation, respiratory distress, coughing and fainting.

Clinical worsening during the observation period All-cause mortality, heart/lung transplant, salvage PEA due to worsening

and time to clinical worsening

of primary disease, new or repeated implementation of BPA due to the

worsening of a primary disease, hospitalisation, new initiation of pulmonary
vasodilators, worsening of 30% or greater from baseline in the 6 min walk
distance and persistent worsening in the WHO functional class from baseline
due to the worsening of a primary disease.

Change in quality-of-life parameters (EQ5D)
Health insurance resource costs

BPA, balloon pulmonary angioplasty; PaO,, partial pressure of oxygen; PEA, pulmonary endarterectomy; Sa0O,, saturation of arterial blood.
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information. The information of the health insurance
resource costs are collected from diagnosis procedure
combination/pre-diem payment system.

Data management and monitoring

Data collection and management are carried out by
third-party entities to avoid bias. The data management
is performed by Soiken Inc. Data Management Group
(the Data Centre). The Data Centre prepared a ‘Proce-
dure Manual for Data Management’. The Data Centre’s
approval is required prior to sending any data related
to the subjects in an electronic format. If data are trans-
mitted over an unsecured electronic network, the data
must be encoded at the source. Linkable anonymisation
by central registration number is used to identify the
subjects. The investigators are responsible for appropriate
storage of the correspondence table prepared by them to
identify the subjects, in accordance with the procedures
at the particular research institution. This correspon-
dence table must be retained for byears after completion
of this study. Appropriate measures, such as encoding or
deletion, are taken to ensure that the subjects cannot be
identified in any display or public disclosure of informa-
tion related to this study, in accordance with applicable
laws and regulations.

The Data Centre monitors this study to manage and
ensure quality. The monitoring manager monitors the
subjects in accordance with the manual on monitoring
procedure. For data quality management, the principal
investigator and Central Committee confirms the prog-
ress of this study as necessary through the Data Centre
to ensure conformance with the protocol and the Ethical
Guidelines for Medical and Health Research Involving
Human Subjects (22 December 2014; Ministry of Educa-
tion, Culture, Sports, Science and Technology/Ministry
of Health, Labour and Welfare) and the Clinical Trials
Act (14 April 2017; Ministry of Education, Culture, Sports,
Science and Technology/Ministry of Health, Labour and
Welfare).

Adverse events

The occurrence of any untoward medical events,
including complications or the worsening of pre-existing
underlying diseases, is defined as adverse events. Wors-
ening of efficacy evaluation indices is defined as adverse
events. Any concomitant symptoms or clinically signifi-
cant abnormal fluctuations in test results are investigated
to determine whether there is a cause-and-effect relation-
ship with BPA or riociguat, and findings will be docu-
mented in the EDC system. Adverse events are followed
up until normalisation or recovery to a level not consid-
ered to be an adverse event, or, in the case of an irre-
versible adverse event (cerebral infarction, myocardial
infarction, etc), until symptoms stabilise.

Statistical analysis
Primary and secondary efficacy endpoints will be anal-
ysed using the full study population, which will include

all patients who were randomised into one of the inter-
vention groups. However, patients who withdraw their
consent, patients with severe protocol violation, such as
registration without consenting, or registration out of the
enrollment period, or patients without any data related
to the primary endpoint after the randomisation were
excluded from the full study population. The safety anal-
ysis will be conducted in the safety analysis population,
which will include all patients who were randomised into
one of the intervention groups and either received at
least one dose of riociguat or attended at least one BPA
procedure (regardless of whether BPA was carried out or
not).

Baseline variables are presented as frequencies and
proportions for categorical data, and means and SD
for the continuous data. Patient characteristics will be
compared using Pearson’s % test or Fisher’s exact test for
categorical endpoints, and the Student’s t-test for contin-
uous variables.

For primary analysis, the least square means difference
and 95% CI for change of pulmonary arterial pressure
between groups at 12 months will be estimated using
analysis of covariance adjusted for allocation factors.
Secondary analysis will be performed in the same manner
as primary analysis. Adverse events will be evaluated during
the safety analysis. The frequencies of adverse events will
be compared using Fisher’s exact test. All comparisons are
planned, and all p values will be two sided. We consider p
values of <0.05to be statistically significant. All statistical
analysis will be performed using SAS software V.9.4 (SAS
Institute). Statistical analysis plan will be developed by the
principal investigator and biostatistician before comple-
tion of patient recruitment and data fixation.

Patient and public involvement

Neither patients nor public are involved in this study,
including the planning, execution, analysis and
evaluation.

DISCUSSION

Guidelines for the diagnosis and treatment for CTEPH
in Western countries’ ° and Japan’ ** recommend
riociguat and BPA for patients with inoperable CTEPH.
However, there are no reports directly comparing treat-
ment outcomes of these two approaches. The primary
endpoint of this study will be the change in mean pulmo-
nary arterial pressure from baseline to 12 months, as
this is an important prognostic factor of CTEPH. Other
outcomes often used in studies on CTEPH, such as the
6min walk distance and pulmonary vascular resistance,
are secondary endpoints in this study. Sequential treat-
ment with riociguat and BPA for patients with inoperable
CTEPH has been shown to significantly improve mean
pulmonary arterial pressure and pulmonary vascular resis-
tance, highlighting the benefits of BPA.? A randomised
controlled trial directly comparing riociguat and BPA is
conducted in France®*; this study was, therefore, planned
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to compare the efficacy and safety of riociguat and BPA
for treatment of inoperable CTEPH. This study and the
RACE study both began in January 2016.° Results from
randomised trials such as these will be critical for opti-
mising treatment selection and improving outcomes of
inoperable CTEPH.

In this study, BPA treatment will be completed in 4
months, which is equivalent as real-world conditions in
Japan. This study will also evaluate the long-term efficacy
and safety of riociguat and BPA by continuing evalua-
tions for 12 months after initiation of treatment. A recent
systematic review has shown that treatment outcomes of
BPA are better in Japan than in Western countries.*?’ This
study is conducted in expert CTEPH centres in Japan,
and will, therefore, compare the treatment efficacy and
safety of riociguat and the highest quality BPA in Japan.
In addition, the operability of PEA was determined by an
independent experienced PEA surgeon who belongs to
independent institute and is the most experienced PEA
surgeon in Japan, having performed 49 PEAs in the last 3
years (320 PEAs in total). This avoided recruitment bias
and guarantee reliability in this study. Furthermore, this
study will compare the costs to health insurance resources
and patientreported quality-of-life parameters for each
therapy. These factors may contribute to optimising
treatment strategies or amending treatment guidelines
for inoperable CTEPH. While these are the strengths of
this study, there are several limitations, which should be
acknowledged. One limitation is that this is an open-label
trial. Because there is no distinct criterion for BPA in each
lesion, operators are aware of the mean pulmonary arte-
rial pressure (the primary endpoint in this study), and
they might be incentivised to continue BPA. Thus, bias
for the BPA operators cannot be completely avoided.
However, since this study will compare medical and
surgical treatment, it is difficult to use a placebo or mask
patients and/or physicians. Another limitation is that a
relatively small number of patients will be enrolled (30
subjects per group, a total of 60 subjects).

Ethics and dissemination

Written informed consent was obtained from all partic-
ipants after full explanation of this study. The results of
this study will be disseminated at medical conferences
and in journal publications.
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