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ABSTRACT

Introduction A major determining factor on outcomes in
patients with pulmonary arterial hypertension (PAH) is right
ventricular (RV) function. Ranolazine, which is currently
approved for chronic stable angina, has been shown to
improve RV function in an animal model and has been
shown to be safe in small human studies with PAH. We
aim to study the effect of ranolazine on RV function using
cardiovascular magnetic resonance (CMR) in patients
with pulmonary hypertension (non-group 2 patients) and
monitor the effect of ranolazine on metabolism using
metabolic profiling and changes of microRNA.

Methods and analysis This study is a longitudinal,
randomised, double-blind, placebo-controlled, multicentre
proof-of-concept study in 24 subjects with pulmonary
hypertension and RV dysfunction treated with ranolazine
over 6 months. Subjects who meet the protocol definition
of RV dysfunction (CMR RV ejection fraction (EF) <45%)
will be randomised to ranolazine or placebo with a ratio of
2:1. Enrolled subjects will be assessed for functional class,
6min walk test and health outcome based on SF-36 tool.
Peripheral blood will be obtained for N-terminal-pro brain
natriuretic peptide, metabolic profiling, and microRNA at
baseline and the conclusion of the treatment period. CMR
will be performed at baseline and the conclusion of the
treatment period. The primary outcome is change in RVEF.
The exploratory outcomes include clinical, other CMR
parameters, metabolic and microRNA changes.

Ethics and dissemination The trial protocol was
approved by Institutional Review Boards. The trial findings
will be disseminated in scientific journals and meetings.
Trial registration numbers NCT01839110 and
NCT02829034;Pre-results.

INTRODUCTION

A major determining factor on outcomes in
patients with pulmonary arterial hypertension
(PAH) is right ventricular (RV) function.!
During the progression of PAH, many of the
molecular mechanisms that drive transition

from compensated RV hypertrophy (RVH)
to dilatation and failure remain enigmatic.
Recently, animal modelling of RVH and RV
failure in PAH has revealed a substantial
downregulation of mitochondrial oxidative
metabolism in favour of glycolysis. The molec-
ular mechanisms controlling this metabolic
shift in the RV are unclear,2 but, in part, may
involve alterations of potassium channel func-
tion.”™ Importantly, in rodents with experi-
mental PAH®” or chronic RV overload,8 RVH,
RV electrical remodelling and RV dysfunc-
tion can be normalised with dichloroacetate
(DCA), an inhibitor of pyruvate dehydroge-
nase kinase which in turn activates pyruvate
dehydrogenase (PDH) to favour oxidative
metabolism. These findings suggest that alter-
ations in mitochondrial function, metabolism
and energy substrate utilisation are keys to
understanding the progression to RV failure.
Observational human data through positron
emission tomography corroborate these find-
ings by revealing increased uptake of glucose
in  PAH-dependent RV dysfunction.” '
However, data are sparse regarding the effi-
cacy and safety profile of DCA in humans,
and it is currently not an US Food and Drug
Administration (FDA)-approved medication.
Alternatively, ranolazine, which is currently
approved for chronic stable angina,' '* also
activates PDH"*™ and has been shown to
inhibit fatty acid oxidation, myocardial late
sodium currents and sodium-dependent
calcium overload, as previously reviewed.'®
Recently, in a rodent model of RVH, ranola-
zine was reported to successfully reverse meta-
bolic dysfunction and improve cardiac output
and exercise capacity.” '” A number of small
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single-centred studies on the use of ranolazine in pulmo-
nary hypertension (PH) have recently been completed. A
study reported 12 patients with PAH (six ranolazine and
six placebo) were given the drug acutely and followed for
12 weeks in a safety study of ranolazine in acute vasore-
activity and found it to be safe without impact on haemo-
dynamics (NCT01757808)."® Another study looking at
10 patients with 8 completing follow-up in an open-label
ranolazine study in PAH patients with angina or angina
equivalent showed symptomatic and functional improve-
ment at 3months (NCT01174173)." A third small study
looking at the effect of ranolazine in 10 patients with PH
and diastolic LV dysfunction and follow-up in 6 months
has not yet published results (NCT02133352). Thus,
ranolazine may have therapeutic potential in RV dysfunc-
tion and PH, and could be readily ‘repurposed’ as an
already FDA-approved medication.

Ranolazine is a racemic mixture and chemically
described as 1-piperazineacetamide, N-(2,6-dimethyl-
phenyl)-4-[2-hydroxy-3-(2-methoxyphenoxy) propyl]-,
(£)-. It has an empirical formula of C,,H,,N,O,, a molec-
ular weight of 427.54g/mole. In the USA, ranolazine is
available for oral administration as film-coated, extend-
ed-release tablets containing 500 or 1000mg of active
ingredient. Ranolazine has antianginal and anti-isch-
aemic effects that do not depend on reductions in heart
rate or blood pressure.

METHODS AND ANALYSIS

Design

This study is a randomised, double-blind, placebo-con-
trolled, multi-centre proof-of-concept study in 24 male or
female subjects with PH and RV dysfunction. Subjects who
meet the protocol definition of RV dysfunction (cardio-
vascular magnetic resonance (CMR) imaging RV ejection
fraction (EF) <45%) will be randomised to ranolazine or
placebo 2:1.

The study includes a screening period (up to 4 weeks),
a treatment period (up to 26+4 weeks) and a follow-up
period (4 weeks). Subjects in the treatment period will
be called every four weeks to assess any symptoms, any
changes in health or medications, as well as study drug
compliance. Subjects are encouraged to contact us with
any adverse events (AEs) or issues during treatment
period. Subjects will receive ranolazine or placebo at
500mg orally two times per day and after 2weeks will
increase to 1000 mg orally two times per day. Subjects will
continue at 1000mg two times per day for the duration
of the study. Subjects with adverse reactions that are diffi-
cult to tolerate will be down titrated to 500 mg two times
per day. Subjects on moderate CYP3A inhibitors will be
limited to 500 mg two times per day.

At baseline (week 0), interim (1-4 months post rando-
misation) and the conclusion of the treatment period
(week 26+2), subjects will be assessed for functional
class (FC), 6 min walk test (6MWT) and health outcome
based on SF-36 tool. Peripheral blood will be obtained

for metabolic profiling and microRNA at baseline and
the conclusion of the treatment period. CMR will be
performed at baseline and the conclusion of the treat-
ment period. The complete study flow chart is included
in table 1.

Recruitment and screening

The subjects were recruited from four academic centres
(University of Pennsylvania (UPenn), Temple University
(Temple), University of Maryland (UMD) and Brigham
and Women’s Hospital (BWH). All patients needed
to have underwent a diagnostic catheterisation within
5years of enrolment demonstrating PH but no evidence
for diastolic heart failure. The inclusion and exclusion
criteria are presented in boxes 1 and 2. Separate institu-
tional review boards (UPenn, UMD and BWH) approved
the study. Temple patients are enrolled through UPenn.
There are two imaging centres (UPenn and BWH) with
UMD sending patients to UPenn for CMR. The screening
visit includes a CMR, a health assessment form, a 6MWT
with Borg Dyspnea Index, an ECG, blood draw for liver
function tests, N-terminal-pro brain natriuretic peptide,
metabolic profiles, and microRNA, and a medical history
including current medications.

Randomisation

A subject number is assigned to an individual at the
screening visit. Randomisation of the subject proceeds
through the use of a randomisation table at UPenn Inves-
tigational Drug Service (IDS), which prepares a rando-
misation table using random blocks of 3, at a 2:1 ratio of
active to placebo. The table is computer-generated prior
to the start of the trial and maintained securely within
the IDS, which is not accessible to the rest of the study
team. Subjects are assigned to treatment in sequential
order (lowest to highest). After a subject is screened and
determined to be eligible for the study (RVEF <45%) by
the data coordinating centre (UPenn), the site personnel
contact UPenn IDS and get a randomisation number. The
randomisation number and the date the randomisation
number is assigned will be recorded in the electronic case
report form (CRF). Once randomisation numbers and
registration numbers have been assigned, they cannot be
reassigned.

INVESTIGATIONS

Primary objective

1. to demonstrate that treatment with ranolazine
improves RV function in subjects with persistent RV
dysfunction as measured by CMR

Exploratory objectives

1. to evaluate the clinical effect of ranolazine in subjects
with PH on stable background therapy and persistent
RV dysfunction, including 6MWT, WHO FC and
clinical progression of disease;

2. to evaluate novel CMR markers such as changes in 4D
flow and T1 mapping;
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Table 1 Study flow chart

Treatment period{**

4 weeks post ranolazine

Screening* Interim visit End of treatment visit  follow-up
Week 26 (+4 weeks) 4weeks post end
1-4months post or earlier if endpoint of treatment visit
Study procedure -4t00 randomisation occurs (+2weeks)
Informed consent X
Demographic data X
Medical history X
Cardiac and pulmonary history X
Inclusion and exclusion criteria X
Randomisation X
Metabolon biomarkers X
miRNA X X
Clinic visit X§ X§ X§
Physical exam/6 min walk test X§ X§ X§
Vital signs| X§ X§ X§
Borg Dyspnea Index X§ X§ X§
WHO functional class X§ X§ X§
Health outcome X X X
Medications Continually (reported every four weeks) X
Adverse event monitoring Continually (reported every four weeks) X
ECG X§ X§ X§
Echocardiography X§ X§
Cardiovascular MRI X X
Liver function tests X§ X§ X§
Complete blood count with differential X§ X§ X§
Chemistry 10 X§ X§ X§
Coagulation tests X§ X§ X§
Uric ad, C reactive protein, antinuclear antibody,
N-terminal-pro brain natriuretic peptide, total
protein, albumin X§ X§ X§
Pregnancy test (3-HCG) X§ X§ X§
Right heart catheterisation X§
Drug dispense/reconciliation Xtt X X

*The screening evaluation must be completed within 28 days before enrolment (randomisation) unless otherwise noted.
TThe treatment period is defined as the period of time from the start of treatment until there is evidence of disease progression or the subject

is withdrawn from treatment.

§Indicates done standard of care. Results from clinic visit/procedure will be used for research data. Procedures and tests not done per
standard of care will not be considered protocol deviations. These may be performed as research tests at the discretion of the investigator
(excluding right heart catheterisation and echo). Right heart catheterisation is not required, but if performed on clinical indication prior to

randomisation will be used for research data.

qlvital signs include pulse, blood pressure and oxygen saturation. Oral, tympanic, axillary or core temperature will also be collected if done

per routine clinical care.

**Randomisation to ranolazine or placebo occurs on day 1.
T1Drug is dispensed at randomisation and 3 months later. Drug reconciliation is performed at 3 months clinical visit and at 6-month end of

treatment visit.

3. to evaluate changes in metabolism with ranolazine as

measured by serum metabolites using metabolon;

4. to evaluate changes in microRNA in peripheral blood;

5. to evaluate changes in quality of life using

questionnaire.

Patients with high-risk profile are defined as patients
with clinical worsening events or lack of clinical improve-
ment at week 26.

» Clinical improvement is defined as an increase in
6MWD >15% from baseline and an improvement (de-
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Box 1 Inclusion criteria

» Have a current diagnosis of symptomatic pulmonary hypertension
(PH) based on one of the following criteria:

a. ldiopathic PAH

b. Familial PAH

¢. PAH associated with connective tissue disease
i. Systemic sclerosis
ii. Calcinosis, Raynaud phenomenon, oesophageal dysmotility,

sclerodactyly and telangiectasia syndrome
ii. Mixed connective tissue disease
iv. Systemic lupus erythematosus

d. Chronic thromboembolic pulmonary hypertension (CTEPH)-
non-surgical/distal vessel disease or patients with CTEPH who
are reluctant to go to surgery within a 6-month period and are
willing to participate.

e. Simple congenital such as repaired atrial septal defect (ASD)/
ventricular septal (VSD) or unrepaired small ASD/VSD with
persistent and out of proportion PAH.

f.  Group 3 patients who have a component of PH and do not
meet exclusion criteria (5) in 5.2.

g. PH caused by conditions affect the veins and small vessels of
the lungs, sickle cell disease.

h. Group 5PH such as polycythemia vera, essential
thrombocythemia, sarcoidosis, or vasculitis, or metabolic
disorder. Sarcoid with known cardiac involvement (left ventricle
(LV) and/or right ventricle (RV)) will be excluded.

» WHO functional class II, Il or IV.

» Age>18and <80years of age.

» For incident cases, a right heart catheterisation (RHC) performed
within 100 days prior to enrolment (defined as randomisation)
that shows the following (prevalent cases require a historical
RHC within the past 60 months):

a. Mean pulmonary artery pressure >25 mm Hg at rest.

b. Pulmonary capillary wedge pressure (PCWP) or
LV end diastolic pressure <15 mm Hg. If the PCWP
is>15but<20 mm Hg, then the transpulmonary gradient must
be >25mm Hg.

¢. Pulmonary vascular resistance >3 mm Hg/L/min

» CMR RVEF <45% obtained from a CMR done within 28 days of
enrolment.

» 6min walk test distance (6MWD) >50 m within 90 days prior to
enrolment.

» No dual upfront therapies permitted for patients with stratum |
(incident).

» No addition or discontinuation of PAH-specific medication within
90days and no change in PAH-specific medication dose within
28 days prior to baseline imaging procedures. Note: Adjustment
of diuretic dose (increase or decrease of 100% or less) is
permissible. Switches from same class of medication may only
require a stable dose 28 days prior to baseline imaging procedures
at the discretion of the Investigator.

» Subjects must be capable of giving informed consent.

crease) in FC by at least one class by end of treatment
visit, week 26.

» Clinical worsening event (adjudicated), as defined by
at least one of the events listed below:
- death (all causes)
- hospitalisation due to worsening PH defined as

Box 2 Exclusion criteria

» Previous treatment with or prior sensitivity to any formulation of
ranolazine.

» Any family history of QTc prolongation, congenital long QT
syndrome or receiving drugs that prolong the QTc interval such
as class la (eg, quinidine) or class lll (eg, dofetilide, sotalol,
amiodarone) antiarrhythmic agents, erythromycin and certain
antipsychotics (eg, thioridazine, ziprasidone).

» For patients who have a prolonged QTc of >480 ms that is not
due to the above exclusion #2 and an increased QRS duration
of >120ms, QTrr,qrs formula® will be used to calculate an
adjusted QTc. Patient will be excluded if an adjusted QTc
is >460ms.

» Subiject receiving intravenous inotropes within 2 weeks prior to the
baseline imaging procedures.

» Parenchymal lung disease based on pulmonary function testing
within the past 12 months prior to baseline imaging procedures
showing any of the following:

a. Total lung capacity <50% of predicted and a high-resolution
CT that does not demonstrate clinically severe interstitial lung
disease based on the discretion of the Investigator

b. FEV1/forced vital capacity<50%

» Subjects currently on a strong CYP3A inhibitor or inducer, or
hepatic enzymes>3x upper limits of normal, or moderate to
severe liver disease.

» Portal hypertension associated with either cirrhotic or non-cirrhotic
chronic liver disease.

» Left-sided heart disease including any of the following:

a. Moderate or greater aortic or mitral valve disease

b. Any left ventricular (LV) cardiomyopathy (including but not
limited to restrictive, amyloid, hypertrophic)

c. LV systolic dysfunction defined as an ejection fraction<50% by
echocardiography

d. Symptomatic coronary artery disease

» Uncontrolled systemic hypertension (systolic blood pressure
(BP)>160 mm Hg or diastolic BP>100 mm Hg) with or without
treatment.

» Inability to perform a 6 min walk test because of a mechanical
problem such as arthritis, morbid obesity or musculoskeletal
problem.

» The subject has the presence, or history, of malignancy that
required significant medical intervention within the preceding
three months and/or is likely to result in death within the next
twoyears (exception of basal cell or non-metastatic squamous cell
carcinoma of the skin and carcinoma in situ of the cervix).

» The receipt of any investigational medication within 14 days prior
to baseline imaging or the need for another investigational drug
during the course of this study.

» Pregnancy or lactation: women of childbearing potential and
non-vasectomised men must agree to use a barrier method of
contraception during screening and for the entire study period.

» Implantable cardioverter defibrillator, pacemaker, hazardous
metallic implants or any other contraindication to MRI.

» Severe anxiety or claustrophobia prohibiting completion of cardiac
MRI.

» Psychiatric disorder that compromises the ability to provide
informed consent.
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- non-elective hospitalisation lasting at least
24hours in duration caused by clinical condi-
tions directly related to PH and/or right heart
failure

- lung or heart/lung transplantation

- atrial septostomy

- de novo intravenous initiation of a prostacyclin for
the treatment of worsening PH
- disease progression (all criteria required):

- adecrease in 6MWD of at least 15% from base-
line (or too ill to walk) directly related to PH
progression with other comorbidities ruled out,
confirmed by two 6MWTs performed on differ-
ent days

- worsening of PH symptoms, which must include
either
- anincrease in FC
- new onset of at least one symptom what did

not respond to oral diuretic therapy (synco-
pe, near syncope, chest pain, chest discom-
fort, orthopnoea and dizziness)

Withdrawal
A subject may voluntarily discontinue participation in
this study at any time. The investigator may also, at his
or her discretion, discontinue the subject from partici-
pating in this study at any time. If a subject is prematurely
discontinued from participation in the study for any
reason, at any time, at either the investigator’s discretion
or the subject’s request, an effort must be made to docu-
ment the reason(s) why a subject fails to return to the
study clinic for necessary visits or is discontinued from
the study. The primary reason for discontinuing partic-
ipation in the study must be stated in the CRF and may
include, but is not limited to, one of the following:

> progressive disease as determined by the investigator;

> use of unapproved concomitant medications (initia-
tion of a strong CYP3A inhibitor or inducer without
any alternative therapies; initiation of a moderate
CYP3A inhibitor would warrant dose reduction);

» occurrence of intolerable AEs;

» withdrawal of consent by subject;

» non-compliance with protocol, for example, the sub-
ject fails to appear at one or more visits;

» development of an intercurrent illness, injury or med-
ical condition likely to interfere with subject safety,
the overall assessment or the required administration
of study medication;

> pregnancy;

» development of any condition for which the investiga-
tor feels treatment withdrawal is justified;

> termination of the study.

When a subject discontinues or is withdrawn, the inves-
tigator will perform the procedures indicated for the end
of treatment visit when possible. An effort will be made to
determine why a subject failed to return for the necessary
visits or is dropped from the study.

Data monitoring committee

An independent data safety monitoring board (DSMB)
with three physicians (one PAH expert, one CMR expert
and one clinical trials expert) is established to assure the
safety of participants in this trial. The DSMB will review
the study for safety and overall study conduct. At the end
of the study, they may adjudicate final outcome based on
the clinical information. The membership of the DSMB
as well as the responsibilities and procedures used to
carry out these responsibilities are described separately
in the DSMB charter.

Sample size

Approximately 24 subjects with PH and RV dysfunction
will be randomised in 2:1 ratio to ranolazine or placebo.
We aim to have 18 evaluable subjects with 12 evaluable
subjects for ranolazine and 6 for placebo, after accounting
for 20% dropout/non-evaluable.

The imaging analyses will be combined at all sites. Each
site will assess for image quality after the first enrolled
subject to adjust imaging parameters as necessary. Image
quality will be assessed for combined analysis. We will be
examining different imaging markers as continuous vari-
ables comparing the difference pre-drug and post-drug
treatment. With 12 treated patients and 12 untreated
patients (six in the randomised group and six in the
observational group, obtained from a similarly designed
study without drug administration), assuming the effect
size is 40% with an SD of 50%, we will have 87.0% power
to detect the difference between groups with a sample
size of 12. If the effect size is lower at 35% with an SD of
50%, we will have 78.2% power to detect the difference
between groups with a sample size of 12. The unequal
randomisation is to ensure minimum number of subjects
are exposed to the treatment to provide sufficient infor-
mation for the study.

STATISTICAL ANALYSIS

Primary outcome analysis

Change in CMR RVEF is the primary endpoint for assess-
ment of the treatment outcome. All CMR images will be
transmitted to the CMR core laboratory (UPenn) for
analyses. RV function is difficult to assess using methods
such as echocardiography. CMR is the gold standard for
assessment of RV function. However, heavy trabecula-
tions and RV enlargement often seen with patients with
PAH pose additional challenges for RV assessment. We
will include phase-contrast assessment for pulmonic and
aortic flows and using biventricular volumes to correlate
in cases of absence of regurgitations to ensure accuracy
in the assessment of RV function. All variables from CMR
imaging will be summarised and listed. Treatment effect
will be tested using analysis of covariance, with treatment
in the model. If the normality assumption fails, non-par-
ametric methods will be employed. Difference between
drug versus placebo pre treatment and post treatment
will be summarised and tested using t-test. Significance
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will be established at alpha level of 0.05. The efficacy anal-
ysis will be conducted on the all-treated population.

Exploratory outcome analysis

The exploratory efficacy endpoint is the estimate and a
confidence interval (CI) for the difference in proportions
between the treatment groups. Number and percentage
of subjects with high-risk profile for each treatment
group at week 26 will be provided. Fisher’s exact test will
be employed to detect the difference between placebo
versus active. Patients with high-risk profile are defined
as patients with clinical worsening events or lack of clin-
ical improvement at the end of the study (week 26). The
efficacy analysis will be conducted on the all-randomised
population.

Clinical worsening is evaluated by two independent
clinicians at each visit, from date of first dose to end of
treatment visit. To minimise investigator bias, the data
manager will compare the assessed outcome between
the two independent clinicians. Shall the assessment be
different between the two independent clinicians, the
third clinician will be involved to adjudicate the case. The
evaluation from the adjudicator will be used for analysis.
At any given time, if the difference exceeds >30%, the
investigator will have a conversation with the two inde-
pendent clinicians to narrow the difference.

For subjects who do not experience clinical worsening,
the end of the treatment visit (week 26) with 6MWT
and FC assessment would determine if there is no clin-
ical improvement or if there is clinical improvement. All
efforts should be made to collect the death information
in the follow-up period.

Quality-of-life health outcome

The objective is to assess the improvement in quality
of life of the subjects after being treated with ranola-
zine. Ordinal regression will be employed using SF-36
responses to predict a general health perception variable
(response options ‘excellent’, ‘very good’, ‘good’, ‘fair’
and ‘poor’). Items that significantly predicted this vari-
able were candidates for inclusion in the utility exercise.
The efficacy analysis will be conducted on the all-ran-
domised population.

Additional exploratory endpoints including additional
CMR imaging such as 4D flow and T1 mapping, meta-
bolic data and microRNA data will be summarised and
tested using t-test (paired for pre data and post data on
the same patient, unpaired for ranolazine treated and
non-treated patients). If the normality assumption fails,
non-parametric method will be employed.

SAFETY EVALUATION

Adverse event

An adverse event (AE) is any symptom, sign, illness or
experience that develops or worsens in severity during
the course of the study. The study period is defined as
the period from the randomisation to 4 weeks following
the last administration of study drug. Some common AEs

that had been described for ranolazine at a rate of up to

6% include dizziness, nausea, asthenia, constipation and

headache. Additional adverse reactions at an incidence

of 0.5%-4% include bradycardia, palpitations, tinnitus,

vertigo, blurred vision, abdominal pain, dry mouth,

vomiting, dyspepsia, asthenia, peripheral oedema,

anorexia, syncope, confusional state, haematuria, dysp-

noea, hyperhidrosis and hypotension. Others (<0.5%)

include angioedema, renal failure, eosinophilia, chroma-

turia, increased blood urea, hypoesthesia, paraesthesia,

tremor, pulmonary fibrosis, thrombocytopenia, leuco-

penia and pancytopenia. Intercurrent illnesses or inju-

ries are regarded as AEs. Abnormal results of diagnostic

procedures are considered to be AEs if the abnormality

» results in study withdrawal

is associated with a serious AE

is associated with clinical signs or symptoms

leads to additional treatment or to further diagnostic

tests

» is considered by the investigator to be of clinical sig-
nificance

A serious AE (SAE) is any AE that is

» fatal

life-threatening

requires or prolongs hospital stay

results in persistent or significant disability or inca-

pacity

» a congenital anomaly or birth defect

» an important medical event

vYvyy

vYvyy

General physical examination findings

Atscreening, any clinically significant abnormality should
be recorded as a pre-existing condition. At the end of
the study, any new clinically significant findings/abnor-
malities that meet the definition of an AE must also be
recorded and documented as an AE.

Abnormal laboratory values

A clinical laboratory abnormality should be documented

as an AE if any one of the following conditions is met:

» The laboratory abnormality is not otherwise refuted
by a repeat test to confirm the abnormality

» The abnormality suggests a disease and/or organ tox-
icity

» The abnormality is of a degree that requires active
management; for example, change of dose, discon-
tinuation of the drug, more frequent follow-up assess-
ments, further diagnostic investigation, etc.

Hospitalisation, prolonged hospitalisation or surgery

Any AE that results in hospitalisation or prolonged

hospitalisation should be documented and reported as

a SAE. Neither the condition, hospitalisation, prolonged

hospitalisation, nor surgery are reported as an AE in the

following circumstances:

» Hospitalisation or prolonged hospitalisation for diag-
nostic or elective surgical procedures for a pre-exist-
ing condition. Surgery should not be reported as an
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outcome of an AE if the purpose of the surgery was
elective or diagnostic and the outcome was unevent-
ful.

» Hospitalisation or prolonged hospitalisation required
to allow efficacy measurement for the study.

» Hospitalisation or prolonged hospitalisation for ther-
apy of the target disease of the study, unless it is a
worsening or increase in frequency of hospital admis-
sions as judged by the clinical investigator.

Reporting of serious AEs and unanticipated problems
Site investigators must report AEs that are
> related to study participation
> unexpected
» serious or involve risks to subjects or others

Any study-related unanticipated problem posing risk of
harm to subjects or others, and any type of SAE, must be
reported to Penn PI within 24 hours using SAE form. The
drug will be immediately discontinued on identification
of the SAE if not earlier. For other AEs, the drug may be
lowered in dosage or discontinued by the site investigator
depending on the tolerability of the AE by the patient.

Reporting procedures for potential endpoints and endpoints
Events that are potential endpoints: hospitalisation for
PH, death, worsening of PH, lung or heart-lung trans-
plant, atrial septostomy or other interventional proce-
dure specifically for RV failure or PH, decline of 6MWD,
increase in Borg Dyspnea Index and increase in WHO FC
initially will not be considered as serious AEs but will be
handled as efficacy endpoints. They will not be subject
to the immediate submission requirements for SAEs in
this study and will not require the investigator’s causality
assessment. The site investigator will make the initial
determination to classify these events as endpoints or
SAEs. For these potential endpoints, an SAE electronic
case report form- will only be completed if the DSMB
determines that a specific event does not meet the criteria
for the relevant endpoint (ie, the potential endpoint is
negatively adjudicated). The DSMB will review all fatal
endpoints to evaluate whether the cause of death is due
to a SAE that is a specific concern for the study drug or
which may be individually informative.

Trial status

The study is registered on the clinicaltrials.gov as
NCT01839110 and NCT02829034. The study is currently
ongoing and recruited a total of 22 subjects. The mean age
is 54.7+15.6 years. Nine patients were male (41%). Fifteen
patients were whites and five were African-Americans and
two others. Eleven patients had baseline WHO FC II and
eight were class III and three were class IV. Nineteen
patients (86%) were patients with group I PAH and two
were group 4 CTEPH and one group 3 patient. Baseline
medications include riociguat monotherapy (n=1), phos-
phodiesterase 5 inhibitor (PDE5i) monotherapy (n=1),
PDEbBi and endothelin receptor antagonist (ERA) dual
therapy (n=7), prostanoid and ERA (n=1), prostanoid,

riociguat and ERA (n=1), prostanoid and PDE5i (n=b),
prostanoid, PDEbi and ERA (n=6).

Impact

Ranolazine is an FDA-approved agent that is safe to use
in patients with PH, and if proven to be beneficial to
improve RV function in non-group 2 patients with PH,
it could be readily ‘repurposed’ and added to the arma-
mentarium of treatment for patients with PH. It would
also be a first drug that is targeted to improve RV func-
tion without significant haemodynamic effect.
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