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Abstract

Approved therapies for the treatment of patients with pulmonary arterial

hypertension (PAH) mediate pulmonary vascular vasodilatation by targeting

distinct biological pathways. International guidelines recommend that

patients with an inadequate response to dual therapy with a phosphodiester-

ase type‐5 inhibitor (PDE5i) and endothelin receptor antagonist (ERA), are

recommended to either intensify oral therapy by adding a selective

prostacyclin receptor (IP) agonist (selexipag), or switching from PDE5i to a

soluble guanylate‐cyclase stimulator (sGCS; riociguat). The clinical equipoise

between these therapeutic choices provides the opportunity for evaluation of

individualized therapeutic effects. Traditionally, invasive/hospital‐based

investigations are required to comprehensively assess disease severity and

demonstrate treatment benefits. Regulatory‐approved, minimally invasive

monitors enable equivalent measurements to be obtained while patients are at

home. In this 2 × 2 randomized crossover trial, patients with PAH established

on guideline‐recommended dual therapy and implanted with CardioMEMS™

(a wireless pulmonary artery sensor) and ConfirmRx™ (an insertable cardiac

rhythm monitor), will receive ERA + sGCS, or PDEi + ERA+ IP agonist. The

study will evaluate clinical efficacy via established clinical investigations and

remote monitoring technologies, with remote data relayed through regulatory‐

approved online clinical portals. The primary aim will be the change in right

ventricular systolic volume measured by magnetic resonance imaging (MRI)

from baseline to maximal tolerated dose with each therapy. Using data from

MRI and other outcomes, including hemodynamics, physical activity,

physiological measurements, quality of life, and side effect reporting, we will

determine whether remote technology facilitates early evaluation of clinical

efficacy, and investigate intra‐patient efficacy of the two treatment approaches.

KEYWORD S

oral prostacyclin‐receptor agonist, remote monitoring, soluble guanylate‐cyclase stimulator,

targeted therapy

INTRODUCTION

Pulmonary arterial hypertension (PAH) represents a

spectrum of disease that may be idiopathic or associated

with genetic mutations, connective tissue disease, con-

genital heart disease, or drug/toxin exposure.1 At a

cellular level, disease is driven by remodeling and

constriction of the small pulmonary arteries, which can

lead to right‐sided heart failure and premature death.1

Currently available targeted therapies for this progressive

disease mediate pulmonary vascular vasodilatation by

acting on one of three pathways—the endothelin path-

way via endothelin receptor antagonists (ERA), the

nitric oxide (NO) pathway via phosphodiesterase type‐5

inhibitors (PDE5i) or soluble guanylate cyclase stimula-

tors (sGCS), or the prostacyclin pathways via prostacyclin

analogs and prostacyclin receptor (IP) agonists.1,2 Despite

the range of therapies available, drug choice is empirical

and based on a hospital‐based risk stratification that

matches the number of vasodilator agents to disease

severity.2

Approved therapies targeting the endothelin, NO, or

prostacyclin pathways have been shown to provide

improvements in pulmonary vascular hemodynamics

and 6‐min walk test (6MWT) in phase 2/3 studies.1,3–7

Evidence shows that time to clinical worsening is further

improved in patients established on dual therapy with an

ERA and a PDE5i, when compared with monotherapy
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with either agent.2,8 In line with European guidelines,2

for patients established on dual oral therapy (PDE5i/

ERA) with an inadequate treatment response, NHS

England's National Commissioning Policy permits the

addition of the selective IP receptor agonist selexipag, or

switching of PDE5i for the sGCS riociguat.9,10 There is

clinical equipoise between these two approaches (i.e.,

triple therapy with selexipag + PDE5i + ERA and dual

therapy with riociguat + ERA).

Selexipag, an IP receptor agonist, improves the time‐

to‐clinical‐worsening in patients on a range of back-

ground therapy regimens (including patients on no

therapy [20.4%]; ERA or PDE5i monotherapy [47.1%];

and ERA/PDE5i dual therapy [32.5%]).4 However, data

suggest that initiating triple therapy (PDE5i/ERA/IP

receptor agonist) compared with dual therapy (PDE5i/

ERA) in newly diagnosed treatment naïve patients offers

no significant improvement in snapshot hemodynamic

measurements or exercise capacity.11 Additionally,

switching PDE5i for another drug targeting the NO

pathway (riociguat, an sGCS) improves disease severity

as assessed by World Health Organization (WHO)

functional class and 6MWT distance, and reduces clinical

worsening events compared with continuing PDE5i

therapy.12 In all regulatory approval studies, significant

side effects and therapeutic non‐adherence were

observed.4,6,12–18

In clinical practice, response to therapy and/or

assessment of disease progression is made by assessing

pressure and flow during invasive right heart catheteri-

zation, by monitoring the downstream effect on right

heart structure and function, and by evaluating exercise

capacity. European Society of Cardiology (ESC) guide-

lines recommend invasive assessment of cardio-

pulmonary hemodynamics for disease diagnosis, assess-

ment of severity, and to inform treatment decisions

(therapeutic change and transplant).2 Other recom-

mended means of guiding treatment decisions include

regular measurement of exercise capacity by 6MWT,

disease‐specific risk scoring, assessment of right heart

strain by N‐terminal pro‐brain natriuretic peptide (NT‐

proBNP), and/or noninvasive imaging, with magnetic

resonance imaging (MRI) acknowledged to be more

accurate than echocardiography.2

The currently established standard for phase 2 studies

of PAH therapies includes the assessment of invasive

hemodynamics and the 6MWT.1 However, recent studies

have demonstrated that noninvasive endpoints, such as

right ventricular ejection fraction (RVEF) and right

ventricular stroke volume (RVSV) measured by MRI,

are repeatable, and detect treatment change in a manner

similar to invasive catheterization and NTpro‐BNP,

thereby establishing MRI as a robust, objective,

noninvasive assessment of treatment response in patients

with PAH.19,20

Despite these advances, there remains a need for

invasive/hospital‐based investigations to assess disease

severity and demonstrate therapeutic benefit, and there

are currently no means for early assessment of clinical

efficacy in patients with PAH. This limits experimental

medicine and drug development studies and prevents

personalized medicine in clinical practice. Development

of innovative approaches to monitor PAH outcomes is

essential for a number of reasons including poor

prognosis among patients with PAH, reduced quality of

life, side effect profile of approved therapies, nonuniform

drug response among patients, high cost of PAH‐specific

therapies (£5–120k/medication/patient/year), and emer-

ging therapies with proven benefit in preclinical

studies.9,19–22

In patients with PAH, cardiopulmonary hemo-

dynamics are closely associated with clinical outcomes,7

and are affected by both diseases worsening and increase

or withdrawal of therapy.23,24 The development of

minimally invasive technology that provides remote,

daily measurement of cardiopulmonary hemodynamic

parameters and physical activity may provide more

comprehensive coverage of the effects of treatment on

patients' daily functioning, allowing insight into the

intervening periods between scheduled hospital visits.25

Remote monitoring may provide benefits to both patients

and care teams by allowing remote monitoring of efficacy

following a treatment change. This may permit a

personalized management approach, with the care team

able to optimize therapy remotely—balancing therapeu-

tic efficacy with side effects in each individual patient.

Indeed, in patients with heart failure, remote,

hemodynamic‐guided therapy has been demonstrated

to reduce heart failure hospitalization,26,27 and these

studies have led to regulatory approval of pulmonary

artery pressure (PAP) monitors. Furthermore, studies of

patients with PAH implanted with a PAP monitor and an

insertable cardiac monitor (ICM) demonstrated that

clinically indicated therapeutic changes altered physio-

logical parameters associated with mortality, indicating

that early, remote assessment of clinical efficacy may be

achieved using these devices.28

CardioMEMS™ HF System (Abbott) is a wireless,

PAP monitor implanted at the time of right heart

catheterization to provide remote measurement

of cardiopulmonary hemodynamics. CardioMEMS is

approved for routine clinical practice in the USA and

Europe, and to date over 30,000 of these monitors have

been implanted. The Confirm Rx™ ICM (Abbott) is a

minimally invasive regulatory‐approved cardiac monitor,

implanted in a clinical setting for patients who
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experience unexplained symptoms, such as dizziness;

palpitations, chest pain, syncope, shortness of breath, as

well as for patients who are at risk for cardiac

arrhythmias. Over 40,000 Confirm RX™ have been

implanted and the device is in routine clinical use in

the United Kingdom.

Here, we detail the protocol for a study in which

patients with PAH, established on guideline‐

recommended dual oral therapy and evaluated as

intermediate‐low risk,29 will be implanted with Cardio-

MEMS and ICM devices. Following implantation,

patients will enter a 2 × 2 crossover study in which PDEi

will be replaced with sGCS (ERA + sGCS), or an IP

receptor agonist will be added to PDEi and ERA (PDEi +

ERA+ IP receptor agonist). Data obtained from remote

monitoring will be compared with that from established

clinical investigations undertaken at baseline and maxi-

mal therapy on each drug. The crossover design of this

study, which will incorporate structured up‐titration of

these drugs, is aimed at evaluating the capacity of

implantable technology for early evaluation of the

clinical efficacy of these drugs. A crossover study is a

logical study designed to investigate the intra‐patient

efficacy of these treatment options and increase the

power to detect clinical efficacy. Additionally, the study

will provide insight into the capacity of remote monitor-

ing technology to facilitate trials that are not currently

possible due to the requirement for repeated, hospital‐

based invasive/imaging procedures.

METHODS

Study design

This open‐label, phase 4, multicentre, randomized

2 × 2 crossover study (NCT05825417) in patients with

PAH established on dual therapy (PDE5i/ERA) will

evaluate the effects via clinical investigations, patient‐

reported outcomes and remote cardiac monitoring of

two therapeutic strategies—adding an oral drug

targeting the prostacyclin pathway (selexipag; PDEi +

ERA + IP receptor agonist) and switching of PDE5i to

an sGCS (riociguat; ERA + sGCS). Using the 2 × 2

crossover trial design, patients will receive both

therapies, but the sequence will be randomly assigned

with washout phases between therapies, and assess-

ments of response to each therapy to be performed.30

The study protocol was approved by the NHS Health

Research Authority (IRAS PROJECT ID 325120, REC

Reference 23/NE/0067). A tabulated summary of all

visits and assessments is provided in Supporting

Information: Table S1.

Objectives and endpoints

The main aims of this study will be to assess the

individual difference in effect between treatment escala-

tion with selexipag (PDEi + ERA + IP receptor agonist)

or riociguat (riociguat; ERA + sGCS) on RV stroke

volume (flow) as measured by cardiac MRI in patients

with intermediate‐low risk PAH, and to determine

whether remote monitoring devices can be used to

provide an early assessment of clinical efficacy of drug

therapies for PAH.

The primary endpoint will be change in RVSV (flow)

measured by MRI from baseline to 12 weeks for each

therapeutic strategy. Change in RVSV provides a robust,

objective assessment of clinical efficacy and will repre-

sent a clinically meaningful change in physiology.31 ESC

guidelines recommend follow‐up at 3–6 months after a

change in therapy. Titration protocols mimic standard

clinical care and expected time‐to‐improvement.2

Secondary endpoints for each therapeutic strategy

include change from baseline to 12 weeks in hemo-

dynamics (total peripheral resistance [TPR], mean pulmo-

nary artery pressure [mPAP], cardiac output [CO], cardiac

index, stroke volume [SV], heart rate [HR]), 6MWT, NTpro‐

BNP, MRI parameters (RVEF, right ventricular end‐systolic

volume [RVESV], right ventricular end‐diastolic volume

[RVEDV], RVSV (volume), left ventricular ejection fraction

[LVEF], left ventricular end‐systolic volume [LVESV], left

ventricular end‐diastolic volume [LVEDV], and LVSV

flow), quality of life (EmPHasis‐10), medication compliance

(PHoenix PRO) and side effects, depression and anxiety

symptoms (Generalized Anxiety Disorder‐[GAD]‐2/7 and

Patient Health Questionnaire [PHQ]‐2/9), WHO functional

class, and activity levels as measured with a Garmin Venu2

smartwatch. A full list of outcome measures is provided in

Table 1.

Established clinical study endpoint measures at

maximal therapy will be compared to changes in

remotely monitored parameters measured at 4 and 8

weeks to determine if the implanted devices can detect

structured changes in the clinical therapy, thereby

facilitating early assessment of clinical efficacy. Remotely

monitored parameters to be correlated with maximal

therapy assessments, measured as absolute change from

baseline and area under the curve to 4 and 8 weeks on

each therapy, include hemodynamics (mPAP, CO,

cardiac index, TPR, day HR, night HR, and HR reserve),

activity (minutes per day), 6MWT, and PRO.

The analysis will also be performed to determine if

changes in established and remotely monitored parameters

(primary and secondary endpoints) can detect individual

patient‐level therapy effects, thereby determining the utility

of remote monitoring for personalized treatment plans.

4 of 13 | VARIAN ET AL.
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Study population

The study aims to recruit 40 patients with PAH,

established on PDE5i and ERA, through the UK National

Pulmonary Hypertension Clinical Studies Network

(UNIPHY)—a collaboration of UK centers commissioned

for the treatment of PAH, providing access to all patients

within the UK currently receiving targeted therapy for

PAH (>5000).32,33 Suitable patients will be identified

from existing patient lists by local teams and invited to

screening via clinical and research teams.

Eligible patients meeting the inclusion and exclu-

sion criteria (Table 2) will be established on PDE5i/

ERA dual therapy and will meet NHS England's

National Commissioning and ESC guideline criteria

for initiation of IP receptor agonist or sGCS.2,9,10 While

it is expected the majority of patients recruited will

have intermediate‐low risk PAH, patients with

intermediate‐high risk PAH who decline intravenous

therapy will also be considered.

Device implantation

Eligible patients will be implanted with CardioMEMS

and Confirm Rx ICM devices using standard techniques

and remote monitoring data collected using regulatory‐

approved online portals.28

Treatment

Patients will be randomized 1:1 to one of two treatment

sequences (Figure 1), with comparisons to be made using

patient‐level data within the two treatment arms.

Randomization will be done by authorized staff at study

TABLE 1 Outcome measures.

Hospital‐based measures Remotely monitored measures

Primary outcomes Change in RVSV (flow) measured

by MRI

Secondary outcomes Haemodynamics:
• TPR

• mPAP

• CO

• Cardiac index

• SV

• HR

MRI parameters:
• RVEF

• RVESV

• RVEDV

• RVSV (volume)

• LVEF

• LVESV

• LVEDV

• LVSV flow

Other parameters:
• 6MWT

• NTpro‐BNP

• WHO functional class

• Quality of life (EmPHasis‐10)

• Depression and anxiety

symptoms (GAD‐2/7 and PHQ‐

2/9)

• Medication compliance

(PHoenix PRO questionnaire)

• Side effects

Confirm Rx:
• HR

• HR variability

• Cardiac rhythm

• Thoracic impedance

• Respiratory rate

CardioMEMS:
• mPAP

• CO

• SV

Smartwatch (Garmin Venu2):
• Physical activity

• Physiological measurements (TPR,

mPAP, CO, cardiac index, SV, and HR)

Phone apps:
• PRO (Phoenix remote questionnaire)

• Medication compliance

(myCardioMems app)

• 6MWT

Abbreviations: 6MWT, 6‐min walk test; CO, cardiac output; GAD, Generalized Anxiety Disorder; HR, heart rate; LVEF, left ventricular ejection fraction;

LVEDV, left ventricular end‐diastolic volume; LVESV, left ventricular end‐systolic volume; mPAP, mean pulmonary artery pressure; PHQ, Patient Health

Questionnaire; PRO, patient‐reported outcome; RVEDV, right ventricular end‐diastolic volume; RVESV, right ventricular end‐systolic volume; RVSV, right

ventricular stroke volume; SV, stroke volume; TPR, total peripheral resistance.
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sites using a concealed randomization system via the

Zeesta electronic case report form (eCRF—www.zeesta.ai/)

portal. A block randomization stratified by site with a

block size of four will be employed.

As per standard practice, the treatment schedules will

include a minimum PDE5i washout period of 24–48 h

(depending on PDE5i) before initiation of riociguat12; in

addition, riociguat and selexipag will be titrated accord-

ing to established dose‐adjustment schemes to maximum

doses of 2.5 mg three times per day, and 1600 μg twice

daily, respectively as tolerated (Figure 1).

In brief, patients in Arm A will initiate treatment with

selexipag for uptitration to maximal therapy. Before cross-

over, patients will undergo selexipag dose de‐escalation and

washout, followed by PDE5i washout. Patients will then

initiate treatment with riociguat for uptitration to maximal

therapy. Patients in Arm B will have an initial PDE5i

washout period before commencing treatment with rioci-

guat. This will be followed by de‐escalation and washout,

and initiation of treatment with PDE5i before crossover to

selexipag treatment. In both arms, the primary endpoint

evaluation will be undertaken following a minimum

intended duration of 5 weeks on the maximal tolerated dose

of each therapy. The dose escalation and de‐escalation

protocol are shown in Supporting Information: Table S2.

Clinical assessments

Patients will undergo clinical assessments at baseline before

receiving study drug treatment, and at Weeks 12 and 27 of

the treatment schedule (Figure 1); these will include

hemodynamics, 6MWT, MRI, and NT‐proBNP assessments.

MRI analysis will be provided by a study‐appointed

core lab using certified clinicians; scans will be deidenti-

fied and analyzed in random order independent of

patient and time point. Analysis of primary and

secondary endpoints will be undertaken in a blinded

manner by an independent statistical team in accordance

with a pre‐specified statistical analysis plan.

Remote monitoring

Physiological parameters to be monitored will include

TPR, mPAP, CO, SV, and HR (Table 1). Patients will be

given instructions on how to take readings at the time of

implantation. In addition, remote detection of changes in

physical activity levels will be measured by Garmin

Venu2 smartwatch, and the 6‐min walk test (6MWT)

performed at home.

Patient‐reported outcomes

To date, no published randomized controlled trials in PAH

have undertaken PAH‐specific PRO instruments as second-

ary endpoints (Figure 2). The current study aims to

understand patients' attitudes about PAH medications and

the impact of the study medication on quality of life, as well

as explore attitudes about the use of remote technologies.

Quality of life outcomes will be assessed weekly using

the validated EmPHasis‐10 questionnaire.34 Validated

questionnaires will be used twice monthly to screen for

anxiety (GAD‐2)35 and depression (PHQ‐2) symptoms.36

Patients will also be asked to record, on a weekly basis,

any side effects of the study medications and to track

TABLE 2 Summary of eligibility criteria.

Inclusion criteria:
1. Able to provide informed consent

2. Age 18–80 years

3. PAH which is idiopathic, heritable, or associated with drugs,

toxins, or connective tissue disease

4. Stable PAH therapeutic regime comprising any combination

of ERA and PDE5i for at least 1 month before screening

(unless unable to tolerate therapy)

5. WHO functional class III

6. Resting mPAP ≥20mmHg, pulmonary capillary wedge

pressure ≤15mmHg, pulmonary vascular resistance ≥2

Wood Units measured by right heart catheterization at time

of diagnosis

7. 6MWT> 50min at entry

8. eGFR> 30mL/min/1.73m² at entry

9. Inadequate treatment response (clinically determined)

Exclusion criteria:
1. Unable to provide informed consent

2. Pregnancy

3. Unprovoked pulmonary embolism (at any time)

4. Acute infection at time of screening (rescreening is

permitted)

5. PAH due to human immunodeficiency virus, portal

hypertension, schistosomiasis, congenital heart disease

6. Pulmonary hypertension due to left heart, lung,

thromboembolic, or unclear/multifactorial disease

(Groups II–V)

7. Unable to tolerate aspirin or P2Y12 inhibitor

8. Hypersensitivity to selexipag or riociguat

9. Clinically significant renal disease (eGFR ≤ 30mL/min/

1.73m2)

10. Anemia (hemoglobin <10 g/dL)

11. Left‐sided heart disease and/or clinically significant cardiac

disease, including but not limited to any of the following:

aortic or mitral valve disease greater than mild aortic

insufficiency; mild aortic stenosis; mild mitral stenosis; or

moderate mitral regurgitation

Abbreviations: eGFR, estimated glomerular filtration rate; ERA, endothelin‐

1 receptor antagonist; mPAP, mean pulmonary artery pressure; PAH,

pulmonary arterial hypertension; PDE5i, phosphodiesterase‐5 inhibitor.
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dose–response changes that are observed. Data will be

collected on patients' attitudes toward their PAH medica-

tions and patient‐reported medication compliance (PHoe-

nix PRO questionnaire; Supporting Information: Figure S1).

All participants will be invited to co‐enroll in the COHORT‐

digital study,37 which enables PRO reporting through a

mobile application called Atom5™ (Figure 3). If partici-

pants decline to co‐enroll for digital PRO reporting, data for

these outcomes will be collected using a 10‐item question-

naire via telephone communication into the eCRF.

Additionally, patients will also be asked to provide

their insight to help understand attitudes regarding

remote monitoring, clinical care, and health outcomes

at enrollment and study completion.

Safety

Adverse events (AEs) will be monitored over the

duration of the study period; AEs that are definitely or

possibly related to the device or the insertion procedure

should be considered device‐related (adverse device

effect [ADE]).

Statistical analyses

Sample size calculation

The sample size was chosen to ensure adequate power to

detect differences in the clinical efficacy of the two

treatment approaches in population‐level analyses and to

have adequate power to evaluate the ability of implantable/

remote technology to provide early evaluation of such

clinical efficacy. For comparing the clinical efficacy of the

two treatment approaches, we have used published RVSV

data reporting a minimal clinically important difference of

12mL and within‐patient standard deviation (SD) of

16.5mL.38 The current study will be powered using a

standardized effect (SE) of 12/16.5 = 0.73. Assuming 1:1

randomization of the participants to the two treatment

sequences, 40 participants will provide 90% power in the

FIGURE 1 Dose escalation and de‐escalation protocol. Bd, twice daily; CMR, cardiac magnetic resonance imaging; ERA, endothelin

receptor antagonist; OPA, oral IP‐receptor agonist; PAH, pulmonary arterial hypertension; PDE5i, phosphodiesterase type‐5 inhibitor; sGCS,

soluble guanylate‐cyclase stimulator; tds, three times daily; WHO FC, World Health Organization Functional Class.
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population‐level clinical efficacy analysis for a 5% two‐sided

type‐I error rate, with SE of 0.73. This is below the SE

previously reported for the pulmonary vascular resistance

(PVR; SE= 353.4/219.0 = 1.61),3 and the RVEF (SE= 9.12/

7.39 = 1.23)20 and comparable to that observed for the

6MWT (SE= 36.0/46.7 = 0.77).6 Therefore, the study will be

well‐powered for population‐level analyses of these addi-

tional important outcomes.

The sample size of 40 also provides good power for

assessing whether changes in remote physiological

measures from baseline to 4 and 8 weeks (mPAP, CO,

HR, and heart rhythm) are correlated with changes in

clinical measures from baseline to 12 weeks. The sample

size of 40 patients provides 90% power, at a two‐sided 5%

type‐I error rate, for correlations greater than 0.5, which

would represent those of clinical interest.

The study is not powered for formal mediation

analysis, so this will be considered exploratory. No

formal multiple‐testing correction will be applied.

Statistical analysis plan

All statistical analysis plans (SAPs) will be drafted early

in the study and finalized before the analysis of

unblinded data.

The primary clinical efficacy analysis will use a linear

mixed effects model with the dependent variable being

FIGURE 2 Primary outcomes in landmark PAH randomized controlled trials with patient‐reported outcomes included as secondary

endpoints. DFI, dyspnea fatigue index; EQ‐5D, EuroQoL five‐dimension; MLWH, Minnesota Living with Heart Failure questionnaire;

M&M, morbidity and mortality; PAH, pulmonary arterial hypertension; PRO, patient‐reported outcome; PVR, pulmonary vascular

resistance; SF‐36, Short‐Form 36; Exercise endpoint inclusive of 6‐min walk distance and actigraphy; aLiving with Pulmonary Hypertension

(LPH) questionnaire was undertaken in PATENT‐1; however, this was considered exploratory.

8 of 13 | VARIAN ET AL.

 2
0
4
5
8
9
4
0
, 2

0
2
4
, 1

, D
o
w

n
lo

ad
ed

 fro
m

 h
ttp

s://o
n
lin

elib
rary

.w
iley

.co
m

/d
o
i/1

0
.1

0
0
2
/p

u
l2

.1
2
3
3
7
 b

y
 T

est, W
iley

 O
n
lin

e L
ib

rary
 o

n
 [2

5
/0

3
/2

0
2
4
]. S

ee th
e T

erm
s an

d
 C

o
n
d
itio

n
s (h

ttp
s://o

n
lin

elib
rary

.w
iley

.co
m

/term
s-an

d
-co

n
d
itio

n
s) o

n
 W

iley
 O

n
lin

e L
ib

rary
 fo

r ru
les o

f u
se; O

A
 articles are g

o
v
ern

ed
 b

y
 th

e ap
p
licab

le C
reativ

e C
o
m

m
o
n
s L

icen
se



the change in RVSV (flow) from baseline to 12 weeks.

“Baseline” and “12 weeks” refer to the time points within

each treatment period. Each participant will contribute

up to two observations if they complete both treatment

periods. A random effect for each participant will be

included together with the within‐treatment period

baseline RVSV (flow) measurement, a fixed period effect,

and treatment (selexipag or riociguat) allocated during

the treatment period. This model will be used to estimate

the mean difference between the two treatment ap-

proaches (ERA + sGCS and PDEi + ERA + IP receptor

agonist), together with a 95% confidence interval and a p

value using a Wald test.

Similar methods will be applied to the analysis of

secondary efficacy outcomes. Treatment effect heteroge-

neity between subgroups will be assessed by including

treatment‐by‐subgroup interaction terms in regression

models. Main analyses will use complete data only, but

multiple imputation will be used for missing data in

sensitivity analyses. No adjustments will be made for

multiple statistical tests. All efficacy analyses will follow

the intention to treat principle (i.e., analysis according to

randomized treatment, regardless of treatment compli-

ance). Safety data (adverse events and side effects) will be

summarized in relation to treatment being received at

the onset of the event, and the study period (pretreat-

ment period 1, treatment period 1, washout period,

treatment period 2, posttreatment period 2); no formal

statistical comparisons will be applied.

To analyze whether changes in RVSV (flow) may be

explained by remotely monitored physiological parame-

ters, we will test whether there is a significant correlation

between the change between baseline and Week 4/Week

8 physiological parameters and the change between

baseline and Week 12 RVSV (flow) outcome. We will also

adopt a mediation analysis approach to investigate what

proportion of the change between baseline and Week 12

RVSV (flow) is explained by the change between baseline

and Week 4/Week 8 physiological parameters using the

mediation package in R. Secondary endpoints will be

analyzed using appropriate regression models.

DISCUSSION

Patients with PAH receiving dual combination treatment

(PDE5i + ERA) who are stratified as being at

intermediate‐low risk39 are recommended to intensify

therapy via the addition of the IP receptor agonist,

selexipag, or to switch from a PDE5i to the sGCS,

riociguat.9,10,29 There is clinical equipoise between triple

therapy with selexipag + PDE5i + ERA and dual therapy

with riociguat + ERA. Conducting head‐to‐head clinical

trials to compare treatment strategies in patients with

PAH is challenging due to the current necessity for

repeated, hospital‐based invasive/imaging procedures to

evaluate treatment efficacy. Remote hemodynamic and

cardiac monitoring may provide a means for early,

minimally invasive evaluation of clinical efficacy and

early identification of clinical worsening in patients with

PAH, which may facilitate study designs evaluating

dose–response, time‐to‐effect and head‐to‐head compari-

son. This study is designed to assess the individualized

effect of selexipag and riociguat on RV stroke volume as

FIGURE 3 Patient‐reported outcomes in the PHoenix study. A, Arm A = riociguat/selexipag and B, Arm B = selexipag/riociguat GAD,

Generalized Anxiety Disorder questionnaire; PHQ, Patient Health Questionnaire.
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measured by cardiac MRI, and to determine whether

remote monitoring devices can be used to provide an

early assessment of the clinical efficacy of drug therapies

for PAH. This hybrid drug‐device regulatory‐approved

design represents the first evaluation of an sGCS and IP

agonist.

This blinded analysis of objective MRI measures

provides an efficient, robust, and effective clinical study

structure. As the primary endpoint is objective with

blinded analysis, patients and clinicians will not be

blinded to the sequence of drug allocation and up‐

titration.

In this study, data will be relayed daily from

regulatory‐approved, minimally invasive monitors to

care teams through secure online clinical portals, with

the aim of facilitating early, individual‐level, remote

evaluation of treatment effects. This study will offer the

potential to build on existing evidence showing that

remotely monitored parameters may be used at diagnosis

to categorize patients with PAH as low, intermediate, or

high risk.24 In addition to offering the potential for early

evaluation of therapies, the use of remotely monitored

outcomes may provide a broader picture of the effects of

treatment on patients' daily functioning.25 Remote

patient monitoring may also facilitate more patient‐

centric research, and improve study recruitment and

retention, which are key issues for research into a rare

disease such as PAH.21,25 Additionally, patients with

PAH are typically prescribed combination therapies,

which can make it challenging to power trials to

demonstrate the effectiveness of novel therapies.20,21

In addition to capturing data on established physio-

logical and biochemical markers of clinical risk, this

study will provide valuable insight into patient‐reported

quality of life and mental health outcomes, as well as

explore side effects experienced during therapeutic up‐

titration and withdrawal of therapy.
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