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Therapeutic Goods Administration

About the Therapeutic Goods Administration (TGA)

o The Therapeutic Goods Administration (TGA) is part of the Australian Government
Department of Health, and is responsible for regulating medicines and medical
devices.

o The TGA administers the Therapeutic Goods Act 1989 (the Act), applying a risk
management approach designed to ensure therapeutic goods supplied in Australia
meet acceptable standards of quality, safety and efficacy (performance), when
necessary.

o The work of the TGA is based on applying scientific and clinical expertise to decision-
making, to ensure that the benefits to consumers outweigh any risks associated with
the use of medicines and medical devices.

o The TGA relies on the public, healthcare professionals and industry to report problems
with medicines or medical devices. TGA investigates reports received by it to
determine any necessary regulatory action.

e Toreporta problem with a medicine or medical device, please see the information on
the TGA website <https://www.tga.gov.au>.

About the Extract from the Clinical Evaluation Report

e This document provides a more detailed evaluation of the clinical findings, extracted
from the Clinical Evaluation Report (CER) prepared by the TGA. This extract does not
include sections from the CER regarding product documentation or post market
activities.

o The words [Information redacted], where they appear in this document, indicate that
confidential information has been deleted.

o For the most recent Product Information (PI), please refer to the TGA website
<https://www.tga.gov.au/product-information-pi>.

Copyright

© Commonwealth of Australia 2017

This work is copyright. You may reproduce the whole or part of this work in unaltered form for your own personal
use or, if you are part of an organisation, for internal use within your organisation, but only if you or your
organisation do not use the reproduction for any commercial purpose and retain this copyright notice and all
disclaimer notices as part of that reproduction. Apart from rights to use as permitted by the Copyright Act 1968 or
allowed by this copyright notice, all other rights are reserved and you are not allowed to reproduce the whole or any
part of this work in any way (electronic or otherwise) without first being given specific written permission from the
Commonwealth to do so. Requests and inquiries concerning reproduction and rights are to be sent to the TGA
Copyright Officer, Therapeutic Goods Administration, PO Box 100, Woden ACT 2606 or emailed to
<tga.copyright@tga.gov.au>.
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List of abbreviations

Abbreviation Meaning
AAA Abdominal Aortic Aneurism
ACCF America College of Cardiology Foundation
ADR Adverse Drug Reaction
AE Adverse Event
AHA American Heart Association
ALI Acute Lung Injury
ALT Alanine aminotransferase
AH Arterial Hypertension
APH Arterial Pulmonary Hypertension
ARDS Adult Respiratory Distress Syndrome
ASD Atrium septum defect
AST Aspartate aminotransferase
AUC Area under the curve
AVERSUSD Atrio-Ventricular Septal Defect
BNP Brain natriuretic peptide
BP Blood Pressure
BPD Bronchopulmonary Dysplasia
BUN Blood Urea Nitrogen
CABG Coronary Artery Bypass Grafting
CAD Coronary Artery Disease
cAMP Cyclic Adenosine Monophosphate
CER Clinical evaluation report
cGMP Cyclic Guanosine Monophosphate
CHD Congenital Heart Disease
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Abbreviation Meaning
CHF Chronic Heart Failure
CHMP Committee for Medicinal Products for Human Use
CI Cardiac Index
CK Creatinine kinase
CMI Consumer Medicine Information (sheet)
CMV Controlled Mechanical Ventilation
co Cardiac Output
COD Cause of Death
CPAP Continuous Positive Airway Pressure
CPB Cardio Pulmonary Bypass
CT Clinical Trial
CVA Cerebro-Vascular Accident
Cvp Central Venous Pressure
DB Double Blind
DCP Decentralised Procedure
DOl Oxygen delivery index
DPAP Diastolic Pulmonary Arterial Pressure
DM Diabetes mellitus
ECG Electrocardiogram
ECMO Extra Corporal Membrane Oxygenation
EDRF Endothelium Derived Relaxing Factor
EDV End Diastolic Volume
EF Ejection Fraction
ESV End Systolic Volume
FiO; Fraction of Inspired Oxygen
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Abbreviation Meaning
GCP Good Clinical Practice
GMP Guanosine Monophosphate
HFV High Frequency Ventilation
HR Heart Rate
HV Hyperventilation
IBD International Birth Date
[ABP Intra-aortic Balloon Pump
ICU Intensive Care Unit
ICH Intracranial Haemorrhage
iNO inhaled Nitric Oxide
iPGI2 inhaled Prostacyclin (prostaglandin 12)
IPSF Intrapulmonary shunt fraction
IQR Interquartile range
IPAH Idiopathic Pulmonary Arterial Hypertension
ITT Intention to treat
IVH Intra-ventricular Haemorrhage
kPa kilo Pascal
LAP Left Atrial Pressure
LBS Literature-based Submission
LVAD Left Ventricular Assist Device
MA Marketing Authorisation
MAA Marketing Authorisation Application
MAH Marketing Authorisation Holder
MAP mean Pulmonary Artery Pressure
MB Creatine kinase Muscle and brain subunits analysis CKMB
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Abbreviation Meaning
MI Myocardial Infarction
metHB Methahaemoglobin
mmHg mm of Mercury
MPAP Mean Pulmonary Artery Pressure
mPAP Mean Pulmonary Artery Pressure
MSAP Mean Systemic Arterial Pressure
mSAP Mean Systemic Arterial Pressure
MVR Mitral Valve Replacement
MVERSUS Mitral Valve Stenosis
NB Nota bene
N2 Nitrogen
NO Nitric Oxide
NO, Nitrogen Dioxide
NP Nitroprusside
N/S Not specified
NTG Nitroglycerin
NYHA New York Heart Association
0D Orphan Drug
OHT Orthotopic Heart Transplant
OL Open Label
02ext Oxygen extraction (ratio)
PA Pulmonary Artery
PaCoO; Arterial Carbon Dioxide Tension/Pressure
PAH Pulmonary Artery Hypertension
Pa0, Arterial Oxygen Tension/Pressure
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Abbreviation Meaning
PAP Pulmonary Artery Pressure
PBO Placebo
PC Prostacyclin
PEEP Positive end expiratory pressure
PRCA Perfusion pressure, Right coronary artery
PCWP Pulmonary Capillary Wedge Pressure
PD pharmacodynamic
PDA Patent Ductus Arteriosus
PG Prostaglandin
PGE Prostaglandin E
PGE1 Prostaglandin E1
PH Pulmonary Hypertension
PHT Pulmonary Hypertension
PHTC Pulmonary Hypertensive Crisis
PI Product Information (sheet)
PK pharmacokinetic
ppb part per billion
PPHN Persistent Pulmonary Hypertension of the Newborn
ppm part per million
Pp/Ps Pulmonary pressure : Systemic pressure
PSUR Periodic Safety Update Report
PvO; Mixed Venous Oxygen Tension
PVL Periventricular Leukomalacia
PVR Pulmonary Vascular Resistance
PVRI Pulmonary Vascular Resistance Index
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Abbreviation Meaning
Qs/Qt Intrapulmonary shunt fraction
RCT Randomised Controlled Trial
Rp:Rs Pulmonary pressure : Systemic pressure
RR Respiratory Rate
RV Right Ventricular
RVAD Right Ventricular Assist Device
RVD Right Ventricular Dysfunction
RVEF Right Ventricular Ejection Fraction
RVF Right Ventricular Failure
SAE Serious Adverse Event
Sa0; Oxygen Saturation
SAP Systemic Arterial Pressure
SCE Summary of Clinical Efficacy
SD Standard Deviation
SNP Sodium Nitroprusside
SPAP Systolic Pulmonary Arterial Pressure
SPC Summary of Product Characteristics
SpO: Plethysmographic measured arterial oxygen saturation
SSAP Systolic Systemic Arterial Pressure
ST ST-segment within ECG
Sv Stroke Volume
SVR Systemic Vascular Resistance
SVRI Systemic Vascular Resistance Index
TG Transpulmonary Pressure Gradient
TPG Transpulmonary Pressure Gradient
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Abbreviation Meaning
TV Tidal volume
VAD Ventricular Assist Device
VF Ventricular Fibrillation
VOl Oxygen consumption index
VERSUSD Ventricular Septum Defect
wu Wood Unit
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1. Introduction

1.1. Drug class and therapeutic indication

Nitric oxide (NO) is an endogenous signalling molecule originally known as endothelial derived
relaxing factor, but later shown to be identical to the simple gaseous molecule, nitric oxide. It is
unique in its class.

INOmax is an inhaled vasodilator that diffuses into vascular smooth muscle cells where it
activates guanylate cyclase, causing the formation of cyclic guanosine monophosphate (cGMP).
Elevated levels of cGMP set off a phosphorylation cascade leading to smooth muscle relaxation
and vasodilatation. Because it is inhaled, it has relative selectivity for the pulmonary
vasculature.

The approved indication is:

INOmax, in conjunction with ventilatory support and other appropriate agents, is
indicated for the treatment of term and near-term (> 34 weeks) neonates with hypoxic
respiratory failure associated with clinical or echocardiographic evidence of pulmonary
hypertension, in order to improve oxygenation and to reduce the need for extracorporeal
membrane oxygenation.

The proposed new additional indication is:

INOmax, in conjunction with ventilatory support and other appropriate agents, is indicated
as part of the treatment of peri- and post-operative pulmonary hypertension in newborn
infants, infants and toddlers, children and adolescents, ages 0-17 years in conjunction with
heart surgery, in order to selectively decrease pulmonary arterial pressure and improve
right ventricular function and oxygenation.

The following dosage forms and strengths are currently registered: nitric oxide 800 ppm
medicinal gas for inhalation, supplied in a pressurised cylinder. No new dosage forms or
strengths are proposed.

The approved dose for the existing indication (persistent pulmonary hypertension of the
newborn, PPHN) is described in the proposed Product Information sheet (PI) as follows:

INOmax should only be used after respiratory support is optimised including the use of
surfactant. The maximum recommended dose of INOmax is 20 ppm and this dose should
not be exceeded, as the risk of methaemoglobinaemia and increased NO; increases
significantly at doses > 20 ppm. In the pivotal clinical trials, the starting dose was

20 ppm. Starting as soon as possible and within 4 to 24 hours of therapy, the dose
should be weaned to 5 ppm provided that arterial oxygenation is adequate at this lower
dose. Inhaled nitric oxide therapy should be maintained at 5 ppm until there is
improvement in the neonate’s oxygenation such that the FiO; (fraction of inspired
oxygen) < 0.60.

The proposed dose for the new cardiac surgery indication is:

The starting dose of inhaled nitric oxide is 10 ppm of inhaled gas. The dose may be
increased up to 20 ppm if the lower dose has not provided sufficient clinical effects. The
lowest effective dose should be administered and the dose should be weaned down to

5 ppm provided that the pulmonary artery pressure and systemic arterial oxygenation
remain adequate at this lower dose.
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2. Clinical rationale

Cardiopulmonary bypass (CPB) causes complex changes in the lung that have the end result of
impairing endothelial function in the pulmonary vasculature and producing pulmonary
vasoconstriction. Impaired endogenous production of NO appears to be a major contributor to
this problem. Even without these CPB effects, many subjects undergoing cardiac surgery have
pre-existing pulmonary hypertension because of impaired cardiac function, shunting, or other
causes. The combination of these problems puts cardiac surgical patients at high risk of post-
operative pulmonary hypertension, with subsequent right heart strain or right heart failure.
Subjects are also at risk of pulmonary hypertensive crises (PHTCs), in which severe pulmonary
hypertension compromises cardiac output and impairs oxygenation, leading to circulatory
collapse and a high mortality rate unless the pulmonary hypertension is reversed.

Systemically administered vasodilators (such as sodium nitroprusside, nitroglycerin or
milrinone) may lower pulmonary blood pressure, but they lack specificity for the pulmonary
circulation, so their use is often complicated by systemic hypotension. Inhaled vasodilators,
such as iNO, offer the prospect of treating pulmonary hypertension without compromising
systemic blood pressure. Furthermore, to the extent that post-operative pulmonary
hypertension is caused by impaired production of endogenous NO, inhaled NO potentially
restores normal NO levels.

Another proposed advantage of iNO is that it has better access to parts of the lung that are well
ventilated, so it potentially improves ventilation-perfusion matching by preferentially dilating
pulmonary vessels in well-ventilated parts of the lung.

Because of these theoretical advantages of iNO over intravenous pulmonary vasodilators, it has
shown increasing off-label use for the treatment of pulmonary hypertension (PH) in the cardiac
surgical setting, and over the last 20 years it has become the first-line agent for the treatment
and prevention of PHTC. Even though it was not formally approved for this indication, iNO has
been recommended for this indication for many years, by a number of specialist bodies.

The sponsor now seeks to officially register iNO for this indication.

3. Contents of the clinical dossier

3.1. Scope of the clinical dossier

The current submission is primarily a literature-based submission, with all pivotal studies and
most supportive studies consisting of published, peer-reviewed papers that were identified
through a literature search, using a search strategy approved by the TGA. In the updated
literature searches conducted prior to the Australian submission, two new published clinical
studies were retrieved that were not available at the time of preparation of the EU submission
(Kirbas et al,, 2012, and Loukanov et al,, 2011) but in other respects the submitted data is
essentially the same. The Australian submission retains the studies done in adults, but these are
considered supportive.

The submission contained the following clinical information:

e 12 clinical pharmacology studies in children, none of which provided pharmacokinetic data,
11 of which provided interventional pharmacodynamic data and one of which was an
observational study recording endogenous NO levels. One of the interventional PD studies
(INOT22) was a sponsor led study; the other 10 were investigator led studies identified
through a literature search.

e No population pharmacokinetic analyses.
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4 pivotal efficacy studies, in which iNO was compared to placebo or standard care in the
target population of paediatric cardiac surgery patients. All of these were investigator led
studies, and safety monitoring and reporting was suboptimal.

5 supportive efficacy studies in the target population, where iNO was compared to an active
control. All of these were investigator led studies. In no case was the active control an
approved agent for the treatment of pulmonary hypertension in the cardiac surgical setting,
which is why these studies can only be considered supportive.

13 supportive efficacy studies in adults, which have only indirect relevance to the proposed
indication in children, but have been retained after the EU application and remain of
substantial interest for both efficacy and safety assessments. One of these studies (INOT41)
was a sponsor led study with comprehensive safety assessments; the others were
investigator led studies with variable and generally suboptimal safety reporting.

A Cochrane meta-analysis of the efficacy of iNO for the treatment of pulmonary
hypertension in the cardiac surgery setting; this was actually of minimal value given that it
only accepted a small number of underpowered studies with clinical endpoints.

Clinical Overview, Summary of Clinical Pharmacology, Summary of Clinical Efficacy,
Summary of Clinical Safety

Literature references.

Synopses of all 34 submitted studies.

The 34 submitted studies are listed in Table 1.

The original Clinical Evaluation Report (CER), assessing iNO for the PPHN indication, was also
consulted in the preparation of this report.

Table 1: Submitted studies

Type of study Study identifier

Pharmacodynamics

Paediatric population INOT22, 2008

Beghetti et al 1998
Girard et al 1992
Journois et al 1994
Lepore et al 2005
Lindberg et al 1994
Miller at al 1994
Roberts et al 1993
Turanlahti et al 1998
Turanlahti et al 2000
Wessel et al 1993
Winberg et al 1994

Efficacy

Paediatric cardiac surgery Caietal 2008

Day et al 2000
Goldman et al 1995
Kirbas et al 2012
Loukanov et al 2011
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Miller et al 2000

Morris et al 2000
Russell et al 1998
Stocker et al 2003

Adult cardiac surgery Fattouch et al 2005
Fattouch et al 2006
Gianetti et al 2004
Schmid et al 1999
Solina et al 2000

Solina et al 2001
Winterhalter et al 2008

Adult cardiac assessment Kieler-Jensen et al 1994
Radovancevic et al 2005

Adulat LAVD INOT41 2009
Argenziano et al 1998

Adult cardiac transplant Rajek et al 2000
Ardehali et al 2001

3.2. Paediatric data

The proposed indication exclusively refers to paediatric use, though a similar application in the
EU sought and gained approval for use of iNO in children and adults with PH in the setting of
cardiac surgery. As outlined above, all 12 of the PD studies and 9 of the efficacy studies were
performed in the paediatric population. An additional 13 supportive efficacy studies were
performed in adults, and these are only indirectly relevant to the proposed indication.

3.3. Good clinical practice

Both of the sponsor led studies (INOT22 and INOT41) were performed according to Good
Clinical Practice (GCP) guidelines. The remaining studies, which include all four pivotal studies,
did not contain a formal declaration of compliance with GCP, and in most cases clearly failed to
comply with GCP. For instance, most investigator led studies did not formally declare a single
prospective primary endpoint, many of them performed multiple statistical comparisons
without correcting for this in reporting p-values, only a few studies performed power
calculations, and most studies failed to collect or report on adverse events.

Overall, the quality of the investigator led studies was well below the standard normally
expected of sponsor led studies, and the two GCP compliant studies performed by the sponsor
were not pivotal; one was a PD study using a crossover design, without an untreated control
group, and the other was performed in adults. This means that no single, well designed,
adequately powered, GCP compliant pivotal study has been submitted in support of the
proposed indication. On the other hand, iNO is already widely recognised as effective for the
proposed indication, it is widely used off-label for this indication, and its use is recommended
by all of the major authorities and guidelines. The proposed target population represents a
relatively small population with very specific needs in whom, it could be argued, placebo
controlled studies would no longer be ethical. Furthermore, no competing agent is registered
for the same indication, so a non-inferiority study against an active agent would not allow clear
efficacy inferences to be made.
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Despite their lack of GCP compliance, one distinct advantage of the investigator led studies is
that in most cases, the authors have no particular incentive to exaggerate the efficacy or safety
of iNO. (In fact, in a couple of the submitted papers, the authors were primarily arguing that
they preferred some new agent to iNO, so they potentially had some incentive to highlight
problems with iNO.) Furthermore, the large number of different investigative teams, different
hospitals and different treatment protocols involved in the submitted studies means that are
likely to have good external validity.

Thus, despite the lack of GCP compliant studies in the submission, it remains reasonably
appropriate to assess the efficacy and safety of iNO on the basis of the studies found in the
literature.

4. Pharmacokinetics

No new PK data was submitted for evaluation, and understanding of the PK of iNO has not
changed since it was originally approved for treatment of PPHN. The proposed use of iNO in the
post-surgical paediatric population does not raise any significant new issues, particularly in
view of the fact that PD studies did not show a dose response across a wide range of doses.

The main importance of iNO levels relates to potential toxicity with metHb and NO3, so iNO
should be used at the lowest effective dose to reduce exposure. This is discussed in more detail
in the safety section.

4.1. Studies providing pharmacokinetic data
No new studies were submitted that investigated the PK of iNO. The sponsor wrote:

“Regarding pharmacokinetics, since the original European (EU) approval of INOmax in 2001, there
have been no new studies which significantly add to or fundamentally change the understanding of
the pharmaco-kinetics of NO. Therefore no new published study investigating pharmacokinetics of
iNO is included in this application. For previously evaluated pharmacokinetic studies we refer to
the previous PPHN application.”

4.2. Summary of pharmacokinetics

In the absence of any new data or evidence, the following brief summary is based on the
approved PI for iNO, which was in turn based on PK studies submitted for the PPHN submission,
along with the early published experience of iNO.

NO is administered by inhalation, either during controlled mechanical ventilation or during
spontaneous respiration. Absorption of NO takes place in aerated alveoli, with diffusion of NO
across the alveolar capillary membrane and into the smooth muscle layers of the vessel wall,
where it exerts its action. NO also diffuses into the capillary lumen, where it binds rapidly to
haemoglobin. The rate of NO diffusion in the alveolus is limited by the diffusion resistance of
erythrocyte cell membranes, reflecting the high affinity of NO for haemoglobin and the high
velocity constant for haemoglobin to react with NO (280 fold higher than 02). The scavenging
effect of erythrocytes maintains a steep diffusion gradient from the alveolus to the pulmonary
capillary bed, which causes rapid influx of NO through the alveolar epithelium, but a low
residence time for NO within the epithelial cells.

When haemoglobin is 60 to 100% oxygen saturated, iNO combines predominantly with
oxyhaemoglobin to produce methaemoglobin and nitrate (NO3-). At lower oxygen saturation
levels, iNO can combine with deoxyhaemoglobin to form nitrosylhaemoglobin which
subsequently converts to nitrogen dioxide (NO2) and methaemoglobin (metHb) on exposure to
oxygen. Once NO traverses the pulmonary capillary bed to enter the blood stream, its half-life in
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blood is very short (estimated to be as brief as 0.46 msec, Borland, 1991, though other authors
speak of a half-life of “a few seconds”). This short half-life effectively limits the vasodilatory
effect of iNO to the vascular bed of the aerated alveoli where absorption occurred.

The predominant NO metabolite is nitrate, which is excreted in the urine and accounts for
> 70% of the iNO dose received.

The uptake and metabolism of iNO is not affected by gender or genetics, but diffusion of iNO
might decrease with age (Aguilaniu et al., 2008).

Compared to the approved target population of neonates, no major PK differences are expected
in the paediatric cardiac surgery population, because the uptake, metabolism and elimination of
iNO is similar in newborns, children and adults. The concentration of iNO that reaches the lung
depends on the administered dose in ppm, not on the size of the patient (Lundberg and
Weitzberg, 2008), but the absorption from the alveolus also depends on the minute ventilation,
which is higher in neonates, resulting in a relatively higher effective dose in neonates.

The proposed dosing instructions for the new indication are similar to the original dosing
instructions for PPHN, and recommend titration to the lowest effective dose, but the proposed
starting dose is 10 ppm, instead of 20 ppm, with titration up to 20 ppm if needed. Coupled with
the lower minute ventilation in older children, the lower starting dose implies that the new
dosing instructions are somewhat more cautious, but, overall, these recommendations appear
appropriate on PK grounds.

4.3. Evaluator’s overall conclusions on pharmacokinetics

The proposed extension of indications does not raise specific concerns based on the PK of iNO.
The PK of iNO in the new proposed target population are expected to be very similar to the PK
in neonates.

5. Pharmacodynamics

5.1. Studies providing pharmacodynamic data

Summaries of the 12 individual pharmacodynamic studies are presented in this report. One of
the studies, INOT22, was a sponsor driven PD study of the effects of iNO and oxygen in patients
undergoing pulmonary vasoreactivity testing; the other 11 were published investigator led
studies uncovered by a literature search.

Many of the PD studies involved post-operative care of patients and iNO was used
therapeutically, not merely as an investigational agent, so the line between PD studies and
efficacy studies is somewhat blurred. Many of the studies submitted as efficacy studies could
also be considered to be PD studies, because they merely assessed the short-term
haemodynamic response to iNO, with the main distinction being that all studies submitted as
“efficacy” studies employed a control group (placebo or active comparator). By contrast, the
studies designated as PD studies required a comparison to baseline haemodynamic status to
infer the effects of iNO. Where the studies were based on pre-operative vasoreactivity testing,
the comparison to baseline provided a reasonably robust measure of the haemodynamics of
iNO. Where the setting was post-operative treatment of pulmonary hypertension, it was
sometimes not possible to determine to what extent the observed changes were due to recovery
from the surgery.

Most of the submitted PD studies (11 of 12) directly assessed the primary PD effect of iNO on
the pulmonary vasculature, as reflected in pulmonary vascular resistance (PVR) and mean
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pulmonary artery pressure (MPAP), and in all studies where these parameters were assessed,
iNO produced significant and clinically meaningful reductions.

None of the submitted PD studies specifically addressed differences in responsiveness to iNO
based on age or gender, but results were broadly similar in adults and children. Many of the
studies assessed the effect of baseline PVR on subsequent sensitivity to iNO, showing that iNO
produced relatively little haemodynamic change in subjects without elevated PVR, and the
efficacy of iNO was correlated with baseline PVR.

Two studies sought to clarify the proposed mechanism of action of iNO, assessing the role of
post-CPB endothelial dysfunction as a contributor to post-operative pulmonary hypertension.
One of these (Wessel et al, 1993) compared the effects of acetylcholine (ACH), an endothelium-
dependent vasodilator, with iNO, which is an endothelium independent vasodilator (normally
NO is produced by the endothelium, but exogenous iNO bypasses this step). The other study
(Beghetti et al, 1998) was an observational study, measuring levels of exhaled endogenous NO
to infer endothelial dysfunction after CPB. Both of these studies were consistent with the
proposed mechanism of action and the hypothesis that CPB induces endothelial dysfunction
characterised by a deficiency of endogenous iNO (see Section 5.2.1, below, with more detail
provided in Wessel et al 1993 and Beghetti 1998).

One study (Lepore et al, 2005) assessed a pharmacodynamic interaction between iNO and
dipyridamole, while a couple of early studies assessed the effects of oxygen in comparison to
iNO, as well as the combination of oxygen and iNO. All of these interaction studies showed an
effect of iNO on MPAP and PVR that exceeded the effects of pure oxygen.

Table 2 below, shows the studies relating to each pharmacodynamic topic and the location of
each study summary.

Table 2: Submitted pharmacodynamic studies

PD Topic Subtopic Study ID
Primary Effect on PVR and MPAP Girard et al, 1992
Pharmacology INOT22

Journois et al, 1994
Lindberg et al, 1994
Miller et al, 1994
Roberts et al, 1993
Turanlahti et al, 1998
Turanlahti et al, 2000
Wessel et al, 1993
Winberg et al, 1994
Lepore et al, 2005

Secondary Effect on oxygenation Girard et al, 1992

Pharmacology Journois et al, 1994

Lindberg et al, 1994
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Gender other None provided
Genetic and Age-
Related Differences
in PD Response

PD Interactions Interaction with dipyridamole Lepore et al, 2005

Population PD and None provided
PK-PD Analyses

None of the pharmacodynamic studies had deficiencies that excluded their results from
consideration.

5.2.  Summary of pharmacodynamics

The information in the following summary is derived from conventional pharmacodynamic
studies in humans, including newly submitted studies and those that led to the original
registration of iNO.

5.2.1. Mechanism of action

Nitric oxide (NO) is an endogenous chemical mediator originally known as Endothelium Derived
Relaxing Factor (EDRF) and then identified as NO. NO is produced in vascular endothelium and
diffuses into vascular smooth muscle cells where it activates guanylate cyclase, causing the
formation of cyclic guanosine monophosphate (cGMP). Elevated levels of cGMP set off a
phosphorylation cascade leading to smooth muscle relaxation and vasodilatation.

The peer-reviewed literature on NO suggests that invasive procedures, particularly
cardiopulmonary bypass (CPB) induce profound physiological changes in the pulmonary
endothelium, which ultimately reduce the production of endogenous NO. Reductions in
endogenous NO cause vasoconstriction of the pulmonary arteries and an increase in the
pulmonary vascular resistance (Griffiths & Evans, 2005).

One of the submitted studies (Beghetti et al, 1998) provided evidence for this, showing a
reduction in the levels of exhaled NO in post-CPB patients compared to pre-operative baseline
levels (see Figure 1).
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Figure 1: Exhaled NO Levels before and after CPB
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Exhaled nitric oxide (NO) levels decrease in children after
cardiopulmonary bypass (CPB) and repair of left-to-right shunts.

Another submitted PD study (Wessel et al 1993, see Figure 2) showed that ACH, which causes
vasodilation via an endothelium dependent process, is able to induce vasodilation
pre-operatively but the ACH response is blunted post-operatively, consistent with endothelial
dysfunction. The same patients were still able to respond to iNO with pulmonary vasodilation,
suggesting that the smooth muscle was capable of relaxation if the missing endogenous NO was
replaced.

Figure 2: ACH-induced changes in PVR
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Percentage change in pulmonary vascular resis-
tance (PVR) with 10~ M dose of acetyicholine (ACH) in
preoperative (Pre-CPB) patients and postoperative (Post-
CPB) patients —group 2. The vasodilating response to
acetylcholine is attenuated in post-CPB patients, but the
capacity for vasodilation, as indicated by the response to
inhaled nitric oxide (NQ), is retained. *P<.002 compared
with preoperative ACH response. **P<.0002 compared
with postoperative ACH response.
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The proposed mode of action for the currently proposed indication, the treatment of pulmonary
hypertension in the paediatric cardiac surgery setting, is the same as that proposed for the
registered indication, treatment of PPHN. In both settings, iNO is believed to cause pulmonary
vasodilation, a reduction of the pulmonary artery pressure (PAP), and unloading of the right
ventricle. Because inhaled NO necessarily only reaches lung that is ventilated, the vasodilatory
response is expected to be greater in ventilated lung, which would be expected to improve
ventilation-perfusion matching resulting in improved oxygenation/oxygen delivery. Some of the
PD and efficacy studies provided evidence of this, as discussed below.

5.2.2. Pharmacodynamic effects
5.2.2.1.  Primary pharmacodynamic effects

The following 10 PD studies investigated the primary PD effect of iNO on pulmonary artery
pressure. As shown in the table, all of them demonstrated a reduction in MPAP with iNO.

Two additional PD studies were submitted, which are not included in Table 3 below: Beghetti et
al, 1998, which was a non-interventional study measuring endogenous NO exhalation in the
setting of CPB, and Lepore et al, 2005, which was a drug interaction study assessing the effects
of combining iNO and intravenous dipyridamole.
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Table 3: Effects of inhaled NO on pulmonary and systemic blood pressure

nPAP (manHg)
o of Subjects Dose of N0 {ncamSEM)
Age Fif2 . During |
Reference Procedune Alode &T"tﬂﬂhﬂﬁh Banrlime Trearment Paost Treatiment Svalemie BP
{Carard et al., MNef 40 ppm for 10 neEmstes
1902y 622 13 years Frln: 0% LI ATxe 4123 Mo change
- _{ Mitral valve replacement | Mechanical Venlilation
MNOTIE, 2008 W= 156 Crossover sy Change from
4 weeks = 18 years aseline:
17 50 ppm = FeOy: 0.21 A50: 17,57 | T)=L1l £7.51* 13410 17.94%
I) B0 ppon MO = Frdy: 10, 453 % 16.76* | 2)-T.1 = B.25% I)38.3 = 16.38" Wi chaitpe
3 Felw: L0 3442 x 16.30% | 3)-35=E.10* 3)40.7 = 14.57*
Mechanical Ventilation
(Jourmais eral., | N=17 20 ppm
[f X1 £ days = 24 months Felk: 1.0 42214 T2 g NR o Change
Surgery for CHD Siechanical Ventilagion
(Lindberg etal,| W=7 2,4.6.8 10,15, 20, 2% ppmn
19043 45— 79 years Filn: 0.3 - 0.8 MR NR* MR Mo Change
L LCARG | Mechanical Vientilation | I———— )
(Miller ot al, R T 2 e, 10 ppin, 20 ppm 2 ppm: AT6E19
Sy = 2 1mimths Friy: 0.8 PAH: 374229 | 10ppoy 26,7220 NR
Surgery for CHD Mechanical Ventilation , - .:Drﬁi“mﬁ:n_:.;r:l. : No Change
ol ;'i Qi 10 ppox 20,5219 i
! 20 ppok 22,8215
(Robemtsetal. | W=10 £0 ppm Fily 0.3; 40 2
1y 3 meonths — 5.5 years Filn; 0.3, 0.9 : 14* _ ;
Pulionary resctivity testing | Spottameons bresthing using fee bl Fily, 0.0: 37 2 MR Mo Clangd
| ok "1
mPAP {minfg)
Novof Salbjects Dhose ol ™0y {nsears SEM]
Age FiO: Dhuring
Relerende Procedure Alode of Ventilation Baseling Trestment Poat Treatment Lysiemic BP
| (Tutrsnlalin et N=ll Pradjseralive Visaissiviry
al, I0Ey 2 =4 years testing: 20, 40, S0 ppom and
Preoperative vassmastiviry Fi: 0.3 CHIx 52 47
testing amd subsequent NR Mo Change
Sorrective srgery for CHD Postoperative: 10, 20, 40, &0 and her; &0 Iy
(uPAP 40 mmHg) 50 ppan
Fitd:: 0.9
(Turandahti et | N =20 20, 40 and 50 ppm
ak. 2000) 0.3 - 15,6 years Fit: 03 and 08 SPAP: 80 AR 53400 MR Mo Change
Cardiac surpery for CHD Aechanscal Venhlation ppes}
(Wil st al, | N =43 B0 ppma = Acetylcholine (ACH) Dhecraase {pr = 0L0I)
1993, Children (ages w1 reported) Fiy: 1.0 329+ 30 00x27 - 659 = 3.5 {Baselmne)
Postop CHD with CFB Mechanscal Venfilation G142 57 NOHACH)
(Winkserg et al., | WN=22 40 ppm Noemual: NR Mo change rom
198 3= 31 months FiCh: .21 baseline
Precperalive Vasorestiviey Spontanots — hood NR Mo Change
testing and subseduient Elevaed FVR:
coTective surgery for CHD 459= 12.5% FEg= Jan

Alean = 5D
Significandly different froa baseline (p < 0.05)

WR: Not neported

NE™: Data presented graphically, tabular presentation of means and standard emmors not available,

Notes on the sponsor’s provided table:

Roberts et al also assessed iNO doses of 20 and 40 ppm. The above table confuses the
two Turanlahti studies: the earlier study assessed doss of 20, 40 and 80 ppm in 20
subjects undergoing pre-operative catheterisation, while the later study assessed pre-
operative vasoreactivity in 11 subjects as well as post-operative response to iNO in 8
subjects, at a range of iNO doses.

The results in Lepore et al were consistent with the other ten studies assessing the effect of iNO
on MPAP and PVR. Compared with O alone, iNO produced significant pulmonary vasodilation,
reflected in significant reductions in MPAP and PVR (reduced by 10 * 4% and 26 + 12%,
respectively; both p < 0.05). These changes were augmented by co-administration with
dipyridamole. As shown in Table 3, the reductions in MPAP and PVR were obtained without
significant changes in systemic blood pressure.
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5.2.2.2.  Secondary pharmacodynamic effects

Improvement in oxygenation via improved ventilation perfusion matching could be considered
a secondary PD effect, resulting from better delivery of the iNO to well ventilated regions of the
lung. Several PD studies directly assessed oxygenation as a secondary endpoint, usually showing
an improvement when subjects received iNO.

For instance, in Girard et al, 1992, mixed venous oxygen saturation significantly improved on
treatment with iNO. In Journois et al, 1994, a significant improvement in arterial and venous
oxygen saturation occurred with iNO. By contrast, in Lindberg et al, 1994, the authors reported
no effect on oxygenation.

5.2.3. Time course of pharmacodynamic effects

Most of the PD studies used treatment times lasting only 5 to 15 minutes, and washout periods
of 5 to 10 minutes, reflecting the investigators confidence that the onset and offset of the effects
of iNO were rapid. The evidence generally supports this confidence, though the onset of the
response was not usually reported with high temporal precision. Significant effects were seen in
the studies using treatment times of < 10 minutes, and many authors explicitly stated that onset
of action was observed within a couple of minutes. The offset of the PD effects was also seen
within minutes, and several authors explicitly commented that the effects wore off within 15
minutes.

As an example, Lindberg et al tested several doses, and used 5 minute treatment periods
separated by 5 minute washout periods. This time was sufficient to observe the fluctuating
onset and offset of the iNO effect.
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Figure 3: SPAP, MPAP, DPAP and PVR, dose response after coronary artery bypass
surgery
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On the other hand, the use of iNO appears to produce a secondary PD effect that makes patients
prone to rebound pulmonary hypertension, and this effect may last for hours, such that most
authors recommend slow and cautious weaning of iNO. The propensity for rebound pulmonary
hypertension (PHT) and its temporal profile has not been formally studied and it would be
difficult to assess this effect in a rigorous scientific fashion without risking the welfare of the
study subjects. Indirect estimates of delays in weaning can be derived from the efficacy studies,
instead, such as Miller et al, 2000, which used weaning time as a clinical endpoint, as described
in the efficacy section.

5.2.4. Relationship between drug concentration and PD effects

PD and efficacy studies have used a range of doses, from 2 ppm to 80 ppm, and a couple of PD
studies specifically compared the haemodynamic effects of multiple doses. Despite this, no
formal dose response studies have been conducted, and it is still unclear what constitutes the
lowest effective dose.

5.2.4.1. Low-dose studies

Miller et al, 1994, studied iNO at doses of 2 ppm, 10 ppm and 20 ppm in FiO»: 0.8 during
mechanical ventilation in infants. In subjects with elevated pulmonary artery pressure at
baseline, iNO produced a significant decrease in mPAP after 10 minutes of iNO at all three doses
(see Figure 6 below).
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Lindberg et al, 1994, studied iNO doses of 2 ppm to 25 ppm in adult patients after coronary
artery bypass graft (CABG) surgery, and found that decreases in MPAP and PVR were similar at
all doses. Responsiveness in this study is likely to have been low because of other factors, such
as the fact that patients had normal MPAP at baseline (mean baseline MPAP < 20 mm Hg). See
the Figure 3 for details.

5.2.4.2.  High-dose studies

Roberts et al, 1993, tested iNO doses of 20 ppm, 40 ppm and 80 ppm in 10 children with
elevated MPAP (mean baseline MPAP 48 mm Hg). An apparent dose trend was observed across
the three doses, but inter-individual variation was marked. Only the higher doses, 40 ppm and
80 ppm, produced a significant response relative to baseline and to oxygen alone.

Figure 4: PVR changes while breathing iNO in oxygen
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oxygen.

Turanlahti et al, 2000, studied iNO doses of 20 ppm, 40 ppm and 80 ppm. The difference
between the 20 ppm and 40 ppm doses was significant, and was consistent with a dose trend,
but there was no overall dose trend when all three doses were considered, and the results with
80 ppm resembled those seen with 20 ppm, both being apparently less effective than 40 ppm.
(The sponsor’s description of these results in the Summary of Clinical Pharmacology is
potentially misleading, implying a plateau effect: “There was a dose-related reduction in mPAP at
the 20 and 40 ppm doses; no further decrease in mPAP was observed when the dose was increased
to 80 ppm dose.” As Figure 5 demonstrates, the increase to 80 ppm produced a partial reversal
of the efficacy seen at 40 ppm.).
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Figure 5: Vasodilator effect on MPAP of iNO, O; and PGI2
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In the efficacy study by Solina et al, 2001, 62 consecutive adult cardiac surgery patients
demonstrating pulmonary hypertension immediately before induction of anaesthesia were
treated with iNO or milrinone. The percentage decrease in PVR was not significantly different
among the groups (10 ppm = 38%, 20 ppm = 50%, 30 ppm = 44%, 40 ppm = 36%,

milrinone = 58%, p = 0.86).

In the pre-operative vasoreactivity study by Radovancevic et al, 19 heart transplant candidates
were treated with iNO or prostaglandin E1 (This study was classified as an efficacy study). The
haemodynamic response to all doses of iNO was very similar, with no apparent dose trend
across the range of 40 to 80 ppm.

Overall, considering all the PD studies and the efficacy studies, the evidence for any dose
response curve in the range 2 to 80 ppm is fairly weak. It appears likely that the response to iNO
depends upon the degree of deficiency in endogenous NO production, and many other factors,
so that intra and inter individual variation overwhelms the relatively minor changes seen as
doses are increased. It appears likely that the response to iNO is saturable, and also that the
response to iNO is reduced once endogenous NO deficiencies have been corrected, but this has
not been subjected to formal study. Given that the proposed use of iNO is in a highly monitored
post-surgical setting where the haemodynamic response can be seen immediately, it is feasible
and appropriate for the dose to be tailored for each individual and titrated to the desired effect,
so the lack of a clear dose response relationship is not a major deficiency in the submission.

5.2.5. Effect of pulmonary hypertension on responsiveness to iNO

A couple of studies suggested that responsiveness to iNO was greater in subjects with
pulmonary hypertension (PH) than in subjects without PH.

In Winberg et al, 1994, iNO 40 ppm in room air, administered during pre-operative reactivity
testing, decreased mean PVR by 32% in infants who had elevated PVR or MPAP prior to iNO, but
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had no effect on PVR in infants with normal MPAP. Furthermore, a correlation was observed
between individual responsiveness to iNO (change in PVR) and the baseline PVR.

Figure 6: Individual PVR responses to iNO and correlation of PVR response with initial
PVR
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Miller et al, 1994, made similar observations. Subjects were divided into those with a high
pulmonary: systemic arterial pressure ratio (PAP/SAP) at baseline (PAP/SAP > 0.50) and those
with a low ratio (PAP/SAP < 0.50). A significant reduction in PVR was observed in the high ratio

group but not in the low ratio group. Individual responses were correlated with the PAP/SAP
ratio.

Figure 7: DVR response to iNO for high and low PAP/SAP ratios
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Figure 8: Correlation of PVR response with initial PVR/SVR ratio
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Consistent with this, Russell et al., 1998, in one of the pivotal efficacy studies, showed that, in
children undergoing CPB for congenital heart surgery, post-operative iNO selectively reduced
MPAP in patients with PH, but had no effect on patients without elevated MPAP.

5.2.6. Genetic, gender and age related differences in PD response

No study directly assessed the effect of genetic background, gender or age, but several studies
included patients with Trisomy 21 (Down’s Syndrome), a group in whom congenital heart
disease is common, and the response to iNO was the same as in subjects without Trisomy 21.

5.2.7. Pharmacodynamic interactions

One drug interaction study was submitted, Lepore et al, 2005. The main findings are shown in
Table 4 and Figure 9 below, and suggest that dipyridamole significantly augments the
pulmonary vasodilating effects of iNO.

Table 4: Haemodynamic effects of O, iNO and dipyrimadole

Air 0, iNO + 0, DIPY + 0O, iINO + DIPY + O,
Right atrial pressure (mm Hg) 12+2 92 10x2 TLx2 80 =8
Mean pulmonary artery pressure (mm Hg) 41+ 2 42 =2 Ir+ 2" 4§ =2 a8 + ghe
Pulmonary capillary wedge pressure (mm Hg) 24 +£2 26 +2 arx2 2T x£2 29=+3
Mean arterial pressure (mm Hg) 82 =4 85 +3° 83 =3 82 =4 82 =4
Systemic vascular resistance (dyne - s/cm®) 1,647 =133 1,529 = 99 1,554 = 116 1,318 = 82°¢ 1,219 = 80°¢
Pulmonary vascular resistance (dyne - s/cm®) 384 = 50 305 + 39 212 = ag® 250 + 36 153 + 34°c4
Cardiac index (liters/min/m?) 20 =01 23 =008 22+02 25+02 2.8 = 0.30¢
Heart rate (min ") 81 =7 80 =7 =7 76 =7 80 =7

Values are mean = SEM. INO, inhaled nitric oxide; DIPY, dipyridamole.
'p < 0.05 0, vs air; Bp < 0,05 vs 0, %p < 0.05 vs INO + 0,; %p < 0.05 vs DIFY + 0,
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Figure 9: Effect of dipyridamole on duration of PVR response to iNO
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Effect of dipyridamole on the duration of the pulmonary
vasodilator response produced by NO inhalation. The pulmonary
vascular resistance (PVR) is shown as follows: while breathing oxygen
(0,); during the addition of inhaled nitric oxide (0, + NO); and 5, 10
and 15 minutes after discontinuation of NO inhalation. The mean value
+ SEM is indicated at each time-point during NO inhalation in the
absence of dipyridamole administration (solid line) or during NO
inhalation in combination with intravenous dipyridamole (dashed line).
*p < 0.05 vs PVR during breathing 0, alone; Tp < 0.05and *p < 0,01
for comparison of PVR breathing NO vs during combined NO and
dipyridamole administration.

In most studies, iNO was administered with oxygen, which is already known to function as a
pulmonary vasodilator, acting as natural mediator of ventilation-perfusion matching, with
relative vasoconstriction of poorly ventilated hypoxic areas of the lung.

The interaction between iNO and oxygen was studied explicitly in Roberts et al, 1993. Oxygen
by itself did not significantly lower PVR (as assessed by the PVR index), but the addition of iNO
produced a significant reduction in PVRI (designated Rp in Figure 10).

Figure 10: PVR Response to iNO and O
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oxygen.
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Roberts also showed that iNO produced a greater reduction in MPAP with high fraction of
inspired oxygen (FiOz 0.9) compared to the reduction observed with low inspired oxygen (FiO,
0.21to0 0.3).

The study by Lepore et al, as shown in the table above, also included a comparison of
haemo-dynamics on room air compared to oxygen; no significant changes were noted with
oxygen when it was added to room air, but significant improvements in PVRI and MPAP were
noted when iNO was added to oxygen.

The sponsor led study, INOT22, showed pulmonary vasodilating effects with oxygen and with
iNO, when either was used as monotherapy, but significantly better effects were observed with
the combination of both, as shown in Figure 11.

Figure 11: PVR change from baseline by treatment
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5.3. Evaluator’s overall conclusions on pharmacodynamics

The pharmacodynamics of iNO was established with the original marketing authorisation
application for treatment of persistent neonatal pulmonary hypertension, and the proposed
indication is consistent with that original characterisation.

In the current submission, the sponsor has submitted studies specifically pertaining to the
perioperative setting, including both pre-operative vasoreactivity studies and post CPB studies,
in both children and adults. Many of these studies were small in scale and lacked clearly defined
prospective endpoints, but the studies can be considered reasonably robust as a group because
of the high reproducibility of the PD effects which were observed across a range of independent
investigative teams, different hospital settings and different target populations.

Although the submitted PD studies lacked control groups, and therefore did not qualify as
efficacy studies, the use of baseline-comparisons and crossover designs allowed the various
investigators to demonstrate the haemodynamic effects of iNO. The PD studies provided a
consistent view of iNO as an agent that produces selective pulmonary vasodilation in most
subjects with elevated PVR, and particularly in subjects who have undergone CPB and have
impaired endothelial function. The effect was observed in both children and adults, and was
clinically meaningful in magnitude.

Additional exploratory studies were consistent with the hypothesis that CPB induces a deficit in
endogenous NO production, which iNO specifically and effectively targets.
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Overall, despite their methodological limitations, the PD studies provide strong independent
support of the likely efficacy of iNO for the proposed indication.

6. Dosage selection for the pivotal studies

As discussed above, there was little evidence of a dose response relationship over a large range
of doses from 2 ppm to 80 ppm, but occasional studies suggested that the effect of 40 ppm might
be more pronounced than lower doses.

None of the pivotal efficacy studies was sponsor driven, and several different doses were used
by the investigators, ranging from 5 ppm to 80 ppm, as shown in Table 5.

Table 5: Studies in paediatric patients post-surgery for congenital heart disease

Publication

Dose &

duration iNO

Primary
endpoints

Miller et al 2000 Randomised, 124 NO: 1-5 mths 10 ppm for Clinical: PHTC
placebo PBO: 1-4 mths mean 87 hrs Frequency
controlled,
double blind

Russell etal 1998 | Randomised, 40 2 days - 6.5 80 ppm for Haemodynamics:
placebo yrs 20 min MPAP, MSAP, HR
controlled,
double blind

Day et al 2000 Randomised, 40 NO: 1 day - 20 20 ppm until Clinical: PHTC
Conventional yrs weaned from Frequency
therapy Control: 1 day ventilation
control -3yrs

Morris et al 2000 Randomised, 12 0.1-17.7 yrs 5and 40 ppm Haemodynamics:
conventional for 15 min MPAP, MSAP, HR
therapy
control,

Cross-over

Increasing doses of iNO increase exposure to potentially toxic by-products, including metHb and
nitrate. This is evident in Figure 12 below from Kieler-Jensen et al, 1994 (one of the submitted

efficacy studies).
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Figure 12: Levels of nitrate and metHb in response to iNO
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Plasma levels of nitrate (fefr panel) and methemoglobin (Met-Hb) (right panel)
in basal state (C) and during inhalation of nitric oxide (NO, 20 to 80 ppm) in six paticnts.
Filled bars represent pulmonary arterial blood; open bars represent systemic arterial blood.
Data presented are mean =+ standard error of the mean.

A similar relationship between administered dose and metHb was described in the approved P],
based on a study previously submitted as part of the original marketing application.

“Methaemoglobin disposition has been investigated as a function of time and nitric oxide
exposure concentration in neonates with respiratory failure. The methaemoglobin (MetHb)
concentration time profiles during the first 12 hours of exposure to: 0, 5, 20, and 80 ppm
INOmax is shown in Figure 13.”

Figure 13: MetHb Concentration- Time Profiles, Neonates, 0, 5, 20 or 80 ppm INOmax

6

INOmax 0 ppm (n = 41)
INOmax 5 ppm (n = 41)

INOmax 20 ppm (n = 36)

INOmax 80 ppm (n=37)

% Methemoglobin

Hours of INOmax Administration

Importantly, this figure suggests that accumulation of metHb is minimal for doses of 20 ppm
and below, but becomes problematic for sustained doses of 80ppm.

In the proposed PI, the following recommendations are made in the section relating to
“Pulmonary Hypertension associated with Cardiac Surgery in children (0 to 17 years)”:

Dosage

Newborn infants, infants and toddlers, children and adolescents, ages 0-17 years
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The starting dose of inhaled nitric oxide is 10 ppm of inhaled gas. The dose may be
increased up to 20 ppm if the lower dose has not provided sufficient clinical effects. The
lowest effective dose should be administered and the dose should be weaned down to 5
ppm provided that the pulmonary artery pressure and systemic arterial oxygenation
remain adequate at this lower dose.

Clinical data supporting the suggested dose in the age range of 12-17 years is limited.

These recommendations are somewhat more conservative than the approved dosing
recommendations for Persistent Pulmonary Hypertension in the Newborn (PPHN), which
propose a starting dose of 20 ppm instead of 10 ppm and read as follows:

The maximum recommended dose of INOmax is 20 ppm and this dose should not be
exceeded, as the risk of methaemoglobinaemia and increased NO; increases significantly at
doses > 20 ppm. In the pivotal clinical trials, the starting dose was 20 ppm. Starting as soon
as possible and within 4 to 24 hours of therapy, the dose should be weaned to 5 ppm
provided that arterial oxygenation is adequate at this lower dose. Inhaled nitric oxide
therapy should be maintained at 5 ppm until there is improvement in the neonate’s
oxygenation such that the FiO; (fraction of inspired oxygen) < 0.60.

The proposed starting dose for the cardiac surgery indication is 10 ppm, which matches that
used in the main pivotal study, Miller et al 2000.

Given the available studies on the treatment of pulmonary hypertension in the cardiac surgery
setting, which show no major advantage of higher doses, and the safety requirement to
minimise accumulation of metHb and NO by-products, the proposed dosing recommendations
for the new indication are appropriate.

7. Clinical efficacy

7.1. Overview of available efficacy studies

The three tables below (Tables 6, 7 and 8) provided by the sponsor, list the 22 efficacy studies
that were submitted for review. These included 9 randomised controlled studies in children
undergoing cardiac surgery, which constitute the primary evidence base on which the
submission rests, as well as 13 supportive studies in adults, which are only indirectly relevant to
the proposed paediatric indication. Many of the studies submitted as efficacy studies would
ordinarily be considered pharmacodynamic studies, because they only involved brief treatment
and haemodynamic endpoints; iNO was not used as a sustained intervention as it would be
when used for the proposed indication.

The only study that used iNO in a sustained, double blind fashion in the target population was
the study by Miller et al, which should be considered the pivotal study of the submission.

As noted in the comments below, the second and third tables contain some minor inaccuracies.

Table 6: Studies in children undergoing cardiac surgery for congenital heart disease

Primary Outcome

Pivotal studies, placebo controlled

Miller et al 2000 R,C,DB 124 Routine iNO post cardiac surgery can reduce
the risk of pulmonary hypertensive crises with
no adverse effects.
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Primary Outcome

Russell et al 1998 R,C, DB 40 iNO selectively reduced mPAP in those who
had evidence of postoperative PAH.

Pivotal studies, versus conventional therapy

Day et al 2000 R, C 40 No significant difference in incidence of PHTC
compared with control (3 patients for iNO
versus. 4 for control). Control patients who
experienced PHTC were allowed to crossover
and receive iNO after failing conventional;
none of the control patients experienced a
PHTC after being treated with iNO.

Morris et al 2000 R, C, XO 12 iNO versus. hyperventilation. NO selective for
pulmonary circulation and did not increase
SVR.

Supportive studies, versus active controls

Cai etal 2008 R, C 46 Combined iNO and milrinone were more
effective in lowering PVR, PAH compared to
either drug alone. The combined group had
significantly shorter time on mechanical
ventilation (p < 0.043)

Goldman et al 1995 R, C, X0 13 mPAP lower during iNO compared to
prostacyclin.
Kirbas etal 2012 R, C 16 Both iNO and aerosolized iloprost are effective

to selectively reduce PAP following cardiac
surgery; no difference was found between the
groups in terms of these effects.

Loukanov etal 2011 R, C 15 There was no difference between the groups
treated with iNO or iloprost with regard to the
frequency of PHTCs, mean PAP and duration of
mechanical ventilation (p > 0.05).

Stocker atal 2003 R, XO, C 15 Both drugs, iNO20 ppm and intravenous
sildenafil lowered pulmonary vascular
resistance index. Sildenafil also lowered
systemic blood pressure.

R =randomised, C = controlled, DB = Double blind, XO = cross-over
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Table 7: Studies in adults undergoing cardiac surgery (excluding heart transplant and
LVAD insertion)

Authors Primary Outcome

Fattouch et al 2005 R, C,DB 58 iNO was as effective in treating PAH as
inhaled prostacycline. Both inhaled
treatments superior to nitroprusside.

Fattouch et al 2006 R, C,DB 58 iNO was as effective in treating PAH as
inhaled prostacycline. Both inhaled
treatments superior to nitroprusside.
Inhaled treatments superior with
regards to time to weaning, intubation
time and ICU stay (p<0.05)

Gianetti et al 2004 R, C 29 Low concentration iNO can blunt
release of markers of myocardial injury
and antagonise LV dysfunction after
CPB.

Schmid et al 1999 R, XO 14 iNO and prostacycline iv decreased PVR
and increased cardiac index

Winterhalter et al R, C 46 iNO and iloprost both reduced PAP and
2008 PVR immediately after weaning from
CPB. lloprost gave larger reductions in
PVR and mPAP and greater increase in
Co.

Solina et al 2000 R, C 45 iNO lead to lower HR, higher RV ejection
fraction and lower vasopressor
requirement compared to milrinone.

Solina et al 2001 R, C 62 Doses of iNO > 10p pm showed no
difference in PVR response.

Of note, the two Fattouch studies were described as double blind but it is unclear if blinding was
adequate. The second Fattouch study did not use nitroprusside as the sole intravenous
comparator, as implied in the table above; the study instead refers to “intravenous vasodilators”
which were not clearly described but appear to have included nitroprusside and nitroglycerin.
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Table 8: Studies in adult patients undergoing heart transplant or LVAD insertion

Authors . Primary Outcome

Heart transplant patients

Ardehali et al 2001 Pr, C 16 Post-transplant iNO significantly reduced
RV stroke work and PVR.

Kieler-Jensen et al 1994 Pr, C 12 iNO significantly reduced PCWP and PVR at
a dose of 20ppm.

Rajek atal 2000 R, C 68 iNO 4 ppm cause selective reduction in PAP
iNO aided weaning from CPB more
successfully than PGE1.

Radovancevic et al 2005 R, XO 19 iNO and PGE1 have comparable dilatory
effects in PAH.

Left Ventricular Assist Device (LVAD) Placement

Argenziano et al 1998 R,C,DB 11 LVAD.iNO at 20 ppm induced significant
reductions in mPAP and increases in LVAD .

INOT41 R, C 150 LVAD.iNO reduced the incidence of right
ventricular dysfunction, but not
significantly. Time on mechanical
ventilation reduced for iNO (p=0.0077)

The sponsor’s description of the outcome for Kieler-Jensen et al, 1994, is inaccurate in this
table: PVR was significantly reduced but PCWP was significantly increased. Also, the changes
observed at 20 ppm persisted through stepwise increases to 40 ppm and 80 ppm.

The dose provided in Table 8 for Rajek et al is inaccurate. Inhaled NO was commenced at 4 ppm
but titrated as needed up to 24 ppm.

The sponsor’s description of Argenziano et al, 1998, refers to “increases in LVAD,” which makes
no sense because LVAD is a device, not a variable. This is presumably meant to read “LVAD flow
index”, a measure of cardiac output.

The sponsor’s description of their own study, INOT41, is also inaccurate. There was a trend to
lower time on mechanical ventilation in the iNO group, but this did not achieve statistical
significance: the p-value was 0.077, not 0.0077 as stated in Table 8.

7.2. Pivotal efficacy studies

The sponsor identified four investigator led studies that satisfied their criteria for being
considered “pivotal”: the studies were performed in paediatric patients undergoing cardiac
surgery, iNO was used to treat pulmonary hypertension and it was compared with placebo or
conventional therapy in a randomised, prospective design.
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Although the sponsor designated all four of these as “pivotal”, only the study by Miller et al,
2000, was sufficiently large and robust that it would ordinarily be considered pivotall. The
studies by Russell et al and Morris et al used haemodynamic endpoints rather than clinical
endpoints, with only brief iNO treatment, and they were both quite small studies - the study by
Russell et al based its positive results on a subset of the study population, consisting of 13
subjects with elevated pulmonary artery pressure, only 5 of whom received iNO. Also, the iNO
dose used in Russell et al was well above that proposed for registration (80 ppm, instead of

10 to 20 ppm as recommended in the PI), so it is only indirectly supportive of the submission.
The study by Day et al used a clinical endpoint, PHTCs, but it was clearly underpowered for this
endpoint and for secondary haemo-dynamic endpoints, and it was ultimately a negative study.
All three of these studies had other significant methodological issues, such as a lack of clarity
surrounding the ranking of endpoints and the use of multiple statistical comparisons without
corrections for multiplicity. Both Day et al and Morris et al used an open label design, which
could have introduced bias.

Table 9: Studies in paediatric patients post-surgery for congenital heart disease

Publication Dose & Primary
duration endpoints
iNO

Miller at al 2000 Randomised, 124 NO: 1-5 10 ppm for Clinical: PHTC
placebo mths mean 87 Frequency
controlled, PBO: 1-4 hrs
double blind mths

Russell et al 1998 Randomised, 40 2 days - 80 ppm for Haemodynamics:
placebo 6.5 yrs 20 min MPAP, MSAP, HR
controlled,
double blind

Day et al 2000 Randomised, 40 NO: 1 day 20 ppm Clinical: PHTC
conventional -20 yrs until Frequency
therapy control Control: weaned

1day - 3 from
yrs ventilation

Morris yet al 2000 Randomised, 12 0.1-17.7 5and 40 Haemodynamics:
conventional yrs ppm for 15 MPAP, MSAP, HR
therapy control, min
Cross-over

7.2.1. Miller 2000
7.2.1.1.  Abstract

Inhaled nitric oxide and prevention of pulmonary hypertension after congenital heart surgery: a
randomised double blind study.

Background. Pulmonary hypertensive crises (PHTC) are a major cause of morbidity and
mortality after congenital heart surgery. Inhaled nitric oxide is frequently used as rescue
therapy. We did a randomised double blind study to investigate the role of routinely
administered inhaled nitric oxide to prevent pulmonary hypertension in infants at high risk.

1* Even the study by Miller et al, 2000, had a methodological issue, related to premature termination, that became
apparent during evaluation of the sponsor’s response to questions raised (Section 12).

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from
the Clinical Evaluation Report Final 15 May 2017

Page 37 of 228



Therapeutic Goods Administration

Methods. We enrolled 124 infants (64 male, 60 female; median age 3 months [IQR 1 to 5]), 76%
with large ventricular or atrioventricular septal defects, who had high pulmonary flow,
pressure, or both, and were undergoing corrective surgery for congenital heart disease. They
were randomly assigned continuous low-dose inhaled nitric oxide (n = 63) or placebo (n =61)
from surgery until just before extubation. We measured the numbers of PHTC, time on study
gas, and hours spent in intensive care. Analysis was done by intention to treat.

Findings. Compared with placebo, infants receiving inhaled nitric oxide had fewer PHTC
(median four [IQR 0 to 12] versus seven [1 to 19]; relative risk, unadjusted 0-66, p < 0-001,
adjusted for dispersion 0-65, p = 0-:045) and shorter times until criteria for extubation were met
(80 [38to 121] versus 112 h [63 to 164], p = 0:019). Time taken to wean infants off study gas
was 35% longer in the nitric oxide group than in the placebo group (p = 0-19), but the total time
on the study gas was still 30 h shorter for the nitric oxide group (87 [43 to 125] versus 117 h
[67 to 168], p = 0-023). No important toxic effects arose.

Interpretation. In infants at high risk of pulmonary hypertension, routine use of inhaled nitric
oxide after congenital heart surgery can lessen the risk of pulmonary hypertensive crises and
shorten the post-operative course, with no toxic effects.

7.2.1.2.  Study design, objectives, locations and dates

This investigator led study used a randomised, double blind, placebo controlled design to assess
the efficacy of routine post-operative iNO in preventing pulmonary hypertension after
paediatric cardiac surgery.

The main objective was to determine whether iNO reduced the incidence of pulmonary
hypertensive crisis (PHTC) following paediatric cardiac surgery in subjects thought to be at high
risk. Secondary objectives were to assess the effect of iNO on other clinical measures (time to
extubation and time in ICU), and to assess the safety of routine iNO.

This study was performed in the Royal Alexandra Hospital for Children, Sydney, Australia, in the
lead-up to publication in 2000.

7.2.1.3. Inclusion and exclusion criteria

According to Miller et al: “Eligible patients were sequentially presenting infants suitable for
corrective heart surgery with high pulmonary flow, pressure, or both, congenital heart lesions,
such as non-restrictive ventricular septal defect, complete atrioventricular septal defect, truncus
arteriosus, or total anomalous pulmonary venous drainage, with objective evidence of pulmonary
hypertension at the immediate pre-operative assessment.”

The important elements of these entry criteria were that the subjects
e were infants

e required corrective surgery for high pulmonary flow

e had evidence of pulmonary hypertension

e were sequential patients.

The last of these requirements; sequential recruitment, reduces the risk of recruitment bias and
makes it likely that the results of this study are applicable to a typical population of infants
undergoing corrective cardiac surgery for high pulmonary flow.

Exclusion criteria were not explicitly discussed in the paper, but only six subjects from the
cohort of sequential subjects were excluded, all on the basis of a lack of parental consent.

7.2.1.4.  Study treatments

Subjects were treated with iNO (active treatment) or nitrogen (placebo), administered
continuously as 10 ppm. Administration began after surgery.
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Inhaled NO was prepared as medical grade nitric oxide at 1000 parts per million (BOC Australia,
Sydney, NSW) in a base mixture of nitrogen, delivered via stainless steel cylinders and gas
regulators. Medical grade nitrogen without nitric oxide (BOC Australia) was provided in
identical cylinders.

Study gas was delivered in two different ways as techniques were refined during the course of
the study. For the first 40 infants, a simple calibrated flow meter and mixing chamber was used,
monitored by a commercially available electrochemical device (NOxBox, Bedfont Scientific,
Upchurch, Kent, UK). The remaining infants received study gas via an integrated dosing,
delivery, and analysis device (NODomo, Drager Australia, Victoria).

Subjects with “clinically important” pulmonary hypertension (defined as pulmonary/systemic
arterial pressure ratio > 0-50 together with haemodynamic instability, or a ratio > 0-75 at any
time) were managed initially by intensifying medical therapy in a stepwise fashion (as per the
table below). Open label nitric oxide (10 ppm) in addition to study gas, was used as rescue
therapy for persistent or recurrent major PHTC associated with a clinical deterioration that was
unresponsive to the maximum conventional treatment. The duration of rescue therapy was
determined by the treating physician.

The maximum duration for administration of study gas was 7 days, and patients still on
mechanical ventilation at this stage were weaned from study gas. Any subsequent pulmonary
hypertension was treated according to the investigating team’s standard post-operative
protocol, which included open label inhaled nitric oxide. All other elements of care were based
on the treating institution’s standard protocol, as summarised in Table 10.

Table10: Protocol for management of patients with pulmonary hypertension

Routine postoperative care Care for pulmonary hypertension with instability
Elective analgesia, sedation, and muscle ralaxation Fentanyl 2-25 pg kg * min ', midazolam 1-4 pg kg " min &, Bolus fentanyl {5 pg/vg)
vacuronium 100-300 pg kg * h
Intermittent positive pressure ventilation Hyperoxia (partial pressure of oxygen 13-3-20-0 kPa) Partial pressure of oxygen =20 kPa
hyperventitation {pH 7-4-7-5) pH >7-50
Vasopressors Dopamine 3-5 g kg * min *, epinephrine 0-05-2-0 g kg ' min °,  InCrease vasopressors as required
norepinephring 0-05-2-0 pg kg * min
Vasodilators Glycend trinitrate 1-4 g kg " min?, Increase vasodilators as required,
sodium nitroprusside 1-4 pg kg ' min epoprostenal (5-25 ng kg ' min ')
Qther Cautious tracheal suction; preoxygenate, premedicate If still unstable, add openabel inhaled nitric oxide (10 ppm)

fentanyl, study gas (for trial patients)

PRpm=parts per million.
7.2.1.5.  Efficacy variables and outcomes
The main efficacy variables were:

e number of pulmonary hypertensive crises

time until extubation (weaning) criteria were reached (see below)
e time to wean study gas

e total time on study gas

e time to extubation

e timeinICU

e pulmonary vascular resistance index.

The investigator’s predefined extubation criteria were based on the presence of both
haemodynamic stability and satisfactory gas exchange, defined as follows:

e absence of major PHTC during the previous 6 h;

e hourly urine output > 0-5 mL/kg;
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e no acidosis;

e mean systemic artery pressure within age-related normal values;
e partial pressure of carbon dioxide < 6:0 kPa;

e partial pressure of oxygen > 13-3 kPa;

e spontaneously breathing an inspired oxygen fraction < 0-40 at a mechanical ventilation rate
of < 8 breaths per min.

The primary efficacy outcome was the mean number of PHTCs per patient, and the secondary
efficacy outcome was the time to meet extubation criteria.

7.2.1.6.  Randomisation and blinding methods

Subjects were stratified according to the presence or absence of Down’s Syndrome (trisomy 21),
because of the possibility that Down’s Syndrome might modify the risk of pulmonary
hypertension and PHTC. Down’s Syndrome is a common cause of congenital cardiac defects, and
it is also commonly associated with lung hypoplasia and obstructive airways disease, which
could increase the risk of pulmonary hypertension independent of the degree of cardiac
shunting. This was an appropriate step aimed at ensuring balance between the two treatment
groups.

Because the investigator intended to test the routine use of iNO in cardiac surgery in subjects at
risk of pulmonary hypertension, randomisation was performed prior to surgery, without
reference to (and without stratification of) post-operative haemodynamics.

Blinding was achieved by using identical delivery equipment for the delivery of active treatment
and nitrogen placebo. Study gas was prepared by an investigator who knew the identity of the
treatment, but took no part in the treatment of the patient.

No formal assessment of potential unblinding, such as asking investigators to guess the assigned
treatment, was included in the study. This represents a minor deficiency in the study, which is
unlikely to have had a major impact on the findings. The introduction of continuous study
treatment in the immediate post-operative period (rather than starting treatment as needed, in
response to worsening pulmonary hypertension) reduced the likelihood that investigators
would identify active treatment by observing a haemodynamic response to its initiation.

The equipment was set up with safety alarms, which were set at 25 parts per million for nitric
oxide and 5 parts per million for nitrogen dioxide, and methaemoglobin concentrations were
assessed twice daily. Potentially, these measures could have led to unblinding if the alarms were
triggered. It was not explicitly stated in the paper whether the blinded investigators and main
treating clinicians were restricted from access to the methaemoglobin results, but it was stated
that protocols for dealing with methaemoglobinaemia were available at the bedside, implying
that there was no attempt to restrict access to this potentially unblinding data. This is
acceptable given the safety requirements of prompt treatment of methaemoglobinaemia.

7.2.1.7.  Analysis populations
All randomised patients were analysed, and the analysis was based on intention to treat (ITT).
7.2.1.8. Sample size

Sample size estimations were based on the presumption that iNO would be associated with a
50% decrease in the number of PHTCs. The absolute incidence of post-operative PHTC in infants
at high risk is not well documented, but unpublished data from the investigator’s unit, along
with limited published experience (Hopkins et al, 19912) suggested that up to 50% of at-risk

2 Hopkins RA, Bull C, Haworth SG, de Leval MR, Stark J. Pulmonary hypertensive crises following surgery for
congenital heart defects in young children. EurJ Cardiothorac Surg 1991; 5: 628-34.
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children might suffer at least one post-operative PHTC. The investigator’s pilot data also suggest
a mean of 2-8 (SD 2-9) episodes per patient in the post-operative period. Based on this, it was
estimated that 136 patients would need to be studied to detect a 50% decrease in PHTC with
80% power at a traditional two sided significance level of 0-05.

For the secondary endpoint of time to meet extubation criteria, the investigator sought a 30%
reduction with active treatment. Previous published experience (Miller et al, 19953) suggested
that the average time to extubation was about 6 days (SD 3-4). The investigator estimated that,
for this endpoint, 112 infants would need to be studied to detect a reduction of about 2 days,
with 80% power at a two sided significance of 0-05.

The authors did not specify whether they inflated their recruitment target in anticipation of
dropouts, but there were no dropouts amongst studied patients so this was not a major concern.
Recruitment was continued to a target that was intermediate between the two sample-size
estimations: 130 patients were thought to be eligible, of whom 124 were randomised and
studied (with consent not obtained for the other 6 patients). The authors did not explicitly
justify the final population size of 124, which was less than the 136 subjects estimated to be
required for assessment of the primary endpoint. Despite this, the study was positive for its two
main efficacy endpoints, suggesting that the authors’ power estimations were broadly
appropriate and the study was adequately powered.

7.2.1.9.  Statistical methods
The investigator described the statistical methods as follows [bullets and emphasis added]:

“We compared baseline characteristics between groups with unpaired Student’s t tests (or
Wilcoxon’s rank sum tests for non-normal data), with Bonferroni correction for multiple
comparisons.

e All analyses were done by intention to treat.

e Since the data were unlikely to be normally distributed, we analysed the outcomes based on
time to reach set criteria with survival-time methods based on the log-rank test.

e The counts over time of the numbers of PHTC were analysed by Poisson regression. If the
variance substantially exceeded the mean count, the Poisson regression was adjusted for
overdispersion; + we present adjusted and unadjusted analyses.

e For subsidiary analyses of normally distributed data, means (SD) are presented and differences
between groups assessed with unpaired t tests. For data not normally distributed, medians
(IQR) are shown and non-parametric methods were used. Additional analyses for outcomes
related to time were done with Cox’s proportional hazards regression, with adjustment for
baseline characteristics.

o We took p < 0-05 to be significant. Interim analyses were scheduled when recruitment reached
100 randomised infants, and final analyses were done when all 124 randomised infants had
completed the study.”

Thus, in summary, the primary endpoint of number of PHTCs was analysed with Poisson
regression, and the secondary endpoint of time to reach extubation criteria was analysed with
survival time methods based on the log-rank test. These methods appear broadly appropriate.

3 Miller OI, Tang SF, Keech A, Celermajer DS. Rebound pulmonary hypertension on withdrawal from inhaled nitric
oxide. Lancet 1995; 346: 51-52.

4 Over-dispersion was not defined in the paper, but essentially refers to a higher-than-expected variance. A usual
characteristic of the Poisson distribution is that its mean is equal to its variance. If the observed variance is greater
than the mean, this is known as over dispersion, which indicates that a simple Poisson model is not appropriate. The
authors reported unadjusted and dispersion-adjusted p-values. The latter should be considered more indicative of the
true significance of the results.
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The analyses were based on intention to treat (ITT), which is appropriate, but all 124
randomised subjects were treated.

7.2.1.10. Participant flow

Participant flow is summarised in Figure 14. All randomised patients completed the study and
entered the ITT population, which removes the possibility of withdrawal bias.

Figure 14: Patient disposition

130 consecutive
eligible patients

4b| 6 excluded

) 4

124 randomised

! 1

61 received 63 received
placebo gas nitric oxide gas
until weaning until weaning
A h
61 in analysis 63 in analysis

7.2.1.11. Major protocol violations/deviations

The paper did not mention any deviations or violations; not even in the context of saying that no
protocol violations occurred. This would be unacceptable in a sponsor led study, but could
reflect the word count limitations of a published paper.

7.2.1.12. Baseline data

The two groups were reasonably well matched at baseline in terms of demographics (gender
balance and age), proportion with Down’s syndrome, underlying cardiac diagnosis and
haemodynamics. No baseline between group differences were statistically significant. The
groups were particularly well matched for median baseline pulmonary artery pressure (20mm
Hg in each group).
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Table 11: Baseline characteristics

Nitric oxide Placebo

(n=63) (n=61)
Demography
Sex (male/female) 36/27 28/33
Median (IQR) age (months) 3(1-5) 2(1-4)
Down’'s syndrome 24 21
Diagnosis
Ventricular septal defect 29 (46%) 19 (31%)
Atrioventricular septal defect 18 (29%) 18 (30%)
Truncus arteriosus 8 (13%) 13 (21%)
Total anomalous pulmonary venous drainage 6 (9%) 11 (18%)
Other 2 (3%) 0
Haemodynamics (median [IQR])
Pulmonary artery pressure (mm Hg) 20(17-22) 20 (18-25)
Systemic artery pressure (mm Hg) 66 (59-72) 60 (54-71)
Pulmonary vascular resistance index 212 (159-253) 223 (182-398)
(dynes s cm® * m?* )
Systemic vascular resistance index 1181 (1014-1349) 1272 (950-1510)

(dynes scm™ m?)

There were no significant differences between groups in any of these characteristics.
7.2.1.13. Results for the primary efficacy outcome

This study was positive for its primary endpoint. The infants who received inhaled NO oxide had
significantly fewer PHTCs (median four [[QR 0 to 12]) than infants receiving placebo (seven
PTHCs [IQR 1 to 19]; unadjusted relative risk 0-66 [95%CI 0-59 to 0-74] p < 0-001; adjusted for
dispersion 0-65 [0-43 to 0-99], p = 0-045). The adjusted p-value is the more appropriate
measure of the significance of the study; by this method the study only narrowly achieved
significance. The adjusted and unadjusted relative risks were similar (0.65 and 0.66
respectively).

A reduction in PHTCs from seven to four represents a reduction of approximately 43%, which
would be clinically worthwhile if sustained in clinical practice, especially given that PHTCs are
themselves associated with a poor prognosis (Lai et al., 2007, Hopkins et al., 1991). The
adjusted p-value was borderline (p = 0.045), but the results for this clinical endpoint were
broadly consistent with several other studies using haemodynamic endpoints, which showed
that iNO reduces pulmonary hypertension, so the result has reasonable external validity. The
result is more impressive given that placebo recipients had access to rescue open label iNO,
which could be continued at the treating clinician’s discretion, and which could have prevented
further episodes of PHTC. Rescue iNO was used more often in the placebo group (used by five
infants) than the iNO group (two infants), so that the most vulnerable placebo recipients
actually received open label active treatment, potentially weakening the apparent treatment
effect.

7.2.1.14. Results for other efficacy outcomes

Other efficacy outcomes, including the main secondary endpoint of time to reach weaning
(extubation) criteria (Tc) generally favoured iNO, as shown in the figure below. For infants
treated with NO, the median T was 80h [IQR 38 to 121], compared to 112h [IQR 63 to 164] for
infants receiving placebo; this difference was significant (p = 0:019), and it represents a
reduction of 32 h.

Note that the T results were misquoted in the sponsor’s Summary of Clinical Efficacy (SCE) and
the proposed PI, presumably due to a typographic error replacing “112 h” with “122 h”.

From the original paper:

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 43 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

“Compared with placebo, infants receiving inhaled nitric oxide had fewer PHTC (median
four [IQR 0 to 12] versus seven [1 to 19]; relative risk, unadjusted 0-66, p < 0-001, adjusted
for dispersion 0-65, p = 0-045) and shorter times until criteria for extubation were met (80
[38to 121] versus 112 h [63 to 164], p = 0-019).”

From the SCE:

“Also, infants randomised to NO had shorter time until criteria for extubation were met
(80 [38-121] versus. 122 h [63-164]; p = 0-019).”

From the proposed PI:

Miller et al (2000) also documented favourable outcomes for inhaled nitric oxide (iNO)
patients on other secondary clinical endpoints such as shorter time until criteria for
extubation were met (80 [38-121] versus. 122 h [63-164], p = 0.019) and shorter total
time on study gas by 30 h for the nitric oxide group (87 [43-125] versus. 117 h [67-168], p =
0.023).

Also, in Table 2 of the SCE, the sponsor describes two endpoints based on time to reach criteria:
time to reach “criteria for extubation”, and time to reach “criteria for weaning”.

“Patients on iNO had:
[-]

Shorter time to meet criteria for extubation (p = 0.019)
Shorter time to meet criteria for weaning (estimated difference: 32 hrs, p < 0.05)”

These appear to be the same endpoint, mistakenly interpreted by the sponsor as two different
endpoints, possibly as a consequence of the previous typographical error, which changed the
apparent difference from 32 h to 42 h. When mentioning “criteria for extubation”, the sponsor
has used the p-value of 0.019; when mentioning “criteria for weaning”, the sponsor has used the
placebo-subtracted difference of 32 h, but both of these values apply to the single endpoint cited
above.5

As a consequence of this mistake, the author also provides a faulty description of the original
paper’s “Figure 3”; this is reproduced below as Figure 15 and was labelled Figure 1 in the
sponsor’s Summary of Clinical Efficacy.

“Figure 1 below shows hazard ratios for time to meet criteria for weaning, time for
weaning, time on study gas, time to meet criteria for extubation and time in intensive
care unit.”

What the sponsor has interpreted as “time to meet criteria for extubation” is actually Tey;,
explicitly labelled by Miller et al as “the time to extubation”.

5 All p-values cited in the text of the original paper are given specific values, rather than ranges such as “p < 0.05”; the
Sponsor’s use of “p < 0.05” in their table suggests that they read the significance from a figure in the original paper
rather than from the text. In the legend for the figure, the original authors (Miller et al) used the term “time to criteria
for weaning”, whereas the text mostly referred to “time to meet criteria for extubation,” but they are likely to be the
same thing. (The original authors, Miller et al, could have been clearer on this point.) The interpretation of these as
the same endpoint is supported by the following comment in Miller et al: “Despite an increased weaning time, the
total time on study gas (that is, time to extubation criteria plus hours required for weaning) was also significantly
shortened..” In other words, total time on study gas = time to meet extubation criteria + time spent weaning; Tg =
Te+Tw. For this to be true, weaning must have begun when subjects reached “criteria for extubation”. Extubation
could not have taken place until weaning was complete, so the criteria could have been more clearly described as
criteria for “beginning weaning with a view to extubation.” The original authors used both terms (“criteria for
extubation” and “criteria for weaning”) in consecutive sentences in their description of the power calculations,
apparently treating them as synonyms. The Sponsor’s interpretation of these terms as two different endpoints is also
not consistent with the original paper’s Figure 3, which shows all important time-based parameters but only shows a
single “criteria”-based endpoint. Thus, the Sponsor appears to have made a mistake in interpreting this study, but it
does not affect the overall efficacy conclusions. The PI needs editing to correct the typographical error.
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Figure 15: Hazard ratios (95% CI) for post-operative course with differences in median
times
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T.=time to criteria for weaning; T =time weaning; T =time on study gas;
T..=time to extubation; T_=time in intensive-care unit.

The median time spent weaning from study gas (Tw) was similar in the two groups, with no
difference in the medians, but there was a trend to longer times with iNO (iNO: 4h [IQR 4 to 5]
versus placebo 4h [4 to 4], hazard ratio 1-35; p = 0-19). This does not necessarily represent an
adverse effect of iNO, because withdrawal of an inactive agent would not be expected to have
any effects and so weaning placebo should be relatively straightforward; by contrast,
withdrawal of iNO from infants who were benefiting from it might be expected to expose the
underlying deficiency of pulmonary endothelial function, potentially causing appearance of
pulmonary hypertension. On balance, despite the trend to slower weaning times in the iNO
group, the total time on study gas (Tg) including weaning time was significantly shorter in the
NO group (87 [43 to 125] versus 117 h [67 to 168], p = 0-023; see the figure above). This
suggests that the net effect of iNO was positive, with infants becoming ready to be weaned
sooner, and finishing weaning sooner, if they received active treatment. The shorter overall time
on study gas did not translate into significantly shorter times to extubation or shorter times in
ICU, but both of these times are likely to have been affected by other factors, including staffing
levels at different times of the day and the availability of non-ICU beds. There were trends in
favour of active treatment for both of these times.

Most infants (102 out of 124, 82%) were weaned from study gas in less than 7 days; the
remainder (n = 22,iNO n = 6, placebo n = 16) were weaned at 7 days as per protocol. The
between group difference in number of subjects still ventilated at 7 days was statistically
significant (iNO 6 infants, 10% versus placebo 16 infants, 26%, p = 0-02).

Haemodynamic monitoring also showed a significant treatment effect. The pulmonary vascular
resistance index (PVRI) was measured every 12 h; the two treatment groups had similar median
PVRI at baseline but PVRI during study-gas administration was significantly lower in the iNO
group compared with the placebo group (p < 0-001, presumably by Cox’s proportional hazards
regression; see Figure 16). A flaw in the original paper was that the PVRI data were displayed
without error bars.
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Figure 16: Pulmonary vascular resistance versus time
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7.2.1.15. Conclusion

Miller et al performed a relatively large study (n = 124) in the target population of paediatric
cardiac surgical patients using a prospective, randomised, placebo controlled design, with a
robust methodology and clearly defined clinical endpoints. The study was positive for its
primary endpoint, the number of pulmonary hypertensive crises (PHTCs): infants who received
iNO had significantly fewer PHTCs (median four [IQR 0 to 12]) than infants receiving nitrogen
placebo (median seven PHTCs [IQR 1 to 19]; unadjusted relative risk 0-66 [95%CI 0-59 to 0-74]
p < 0-001; adjusted for dispersion 0:65 [0-43 to 0-99], p = 0-045).

Active treatment was also associated with shorter times until criteria for extubation were met
(B0 h[38to121] versus 112 h [63 to 164], p = 0.019). The time taken to wean infants off study
gas was longer in the nitric oxide group than in the placebo group, but the total time on the
study gas was still 30 h shorter for the nitric oxide group (87 [43 to 125] versus 117 h [67 to
168], p = 0.023). Favourable trends were seen for total time in ICU, and significantly fewer
infants in the active group were still being ventilated at the end of the seven-day study period.

7.2.2. Russell 1998
7.2.2.1. Abstract

The Effects of Inhaled Nitric Oxide on Post-operative Pulmonary Hypertension in Infants and
Children Undergoing Surgical Repair of Congenital Heart Disease.

The role of inhaled nitric oxide in the immediate post bypass period after surgical repair of
congenital heart disease is uncertain. In a controlled, randomized, double blind study, we tested
the hypothesis that inhaled nitric oxide (NO) would reduce pulmonary hypertension
immediately after surgical repair of congenital heart disease in 40 patients with pre-operative
evidence of pulmonary hypertension (mean pulmonary arterial pressure [MPAP] exceeding
50% of mean systemic arterial pressure [MSAP]). Patients were then followed in the intensive
care unit (ICU) to document the incidence of severe pulmonary hypertension. Of the patients,
36% (n = 13) emerged from bypass with MPAP > 50% MSAP. In these patients, inhaled NO
reduced MPAP by 19% (P = 0.008) versus an increase of 9% in the placebo group. No effect on
MPAP was observed in patients emerging from bypass without pulmonary hypertension

(n =23). Inhaled NO was required five times in the ICU, always in the patients who had emerged
from cardiopulmonary bypass with pulmonary hypertension (5 of 13 [38%] versus 0 of 23). We
conclude that, in infants and children undergoing congenital heart surgery, inhaled NO
selectively reduces MPAP in patients who emerge from cardiopulmonary bypass with
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pulmonary hypertension and has no effect on those who emerge without it. Implications: In a
randomized double blind study, inhaled nitric oxide selectively reduced pulmonary artery
pressures in paediatric patients who developed pulmonary hypertension (high blood pressure
in the lungs) immediately after cardiopulmonary bypass and surgical repair.

7.2.2.2.  Study design, objectives, locations and dates

This study, published two years earlier than Miller et al, 2000, was a relatively small study
(evaluable n = 36) of the haemodynamic effects of post-operative iNO in paediatric subjects
undergoing cardiac surgery. The positive results reported in the abstract were based on a
subgroup analysis of just 13 patients (5 iNO recipients).

The authors used a randomised, placebo controlled and double blind design but, despite that, it
was a weak study that can at best be considered supportive. The statistical methods were
somewhat unclear, and it was also unclear to what extent subgroup analysis was performed
post hoc, in response to the results. Furthermore, it assessed a short duration of treatment

(20 minutes) and it used a simple haemodynamic endpoint (mean pulmonary artery pressure,
MPAP), so it could be more properly considered a PD study rather than a true efficacy study.
The dose of iNO (80 ppm) was 8 times the recommended starting dose (10 ppm) for the
proposed indication and 4 times the maximum recommended dose (20 ppm), so this study has
only limited applicability to the proposed indication.

The study was performed in San Francisco, USA, in the lead-up to publication in 1998.
7.2.2.3.  Inclusion and exclusion criteria

Subjects were eligible if they were children undergoing cardiac surgery for congenital heart
defects, and had pre-operative pulmonary hypertension diagnosed directly by cardiac
catheterisation or inferred from echocardiography.

In particular, pulmonary hypertension was defined as:
e MPAP > 50% of mean systemic arterial pressure (MSAP) on cardiac catheterisation; or

e aventricular septal defect velocity of < 2.0 m/s, a tricuspid regurgitant jet >3 m/s, or a
pulmonary insufficiency jet > 2.0 m/s, resulting in an estimate of systolic pulmonary artery
pressure > 50% of MSAP.

7.2.2.4.  Study treatments

Subjects received active treatment by inhalation (iNO 80 ppm, diluted in nitrogen) or placebo
(nitrogen) at an inspired oxygen concentration of 0.90, in a double blind fashion, in addition to
standard anaesthetic and peri-operative care.

Subjects were treated with study gas as soon as the surgical repair was considered satisfactory
and the patient had been weaned from cardiopulmonary bypass (CPB). Inhalation of the study
gas continued for 20 min, a much shorter duration than would be used in standard clinical care
if iNO were approved.

Additional open label iNO was given as rescue therapy when needed.
Non-randomised treatments included:
e anaesthesia induction with halothane, nitrous oxide, and oxygen;

e anaesthesia maintenance with IV fentanyl 25 to 100 pg/kg, midazolam 0.1 to 0.5 mg/kg, and
inhaled halothane;

e hyperventilation to maintain a PaCO; of 30 to 35 mm Hg and pH > 7.45;
e dopamine 5 to 10 pg/kg-min as patients were weaned from CPB;

e adrenaline (epinephrine) 0.02 to 0.08 pg/kg-min, if systolic function was inadequate.
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7.2.2.5.  Efficacy variables and outcomes

Systemic, pulmonary and atrial blood pressures were measured by fluid filled catheters, placed
by the surgeon before weaning from CPB.

Four study periods and a baseline period were defined:

e immediately before study gas administration (baseline),

o after 1 min of study gas administration

o after 10 min of study gas administration

o after 20 min of study gas administration

o after study gas administration had been discontinued for 1 min.

The main efficacy variable appeared to be MPAP after 20 min of study gas administration, with
additional (secondary) comparisons performed at the other time points, but the paper did not
clearly state a single prospective primary efficacy endpoint (see Statistical methods, below).

Arterial blood gases were measured at similar time-points or when clinically indicated.
7.2.2.6.  Randomisation and blinding methods

Randomisation and blinding methods were not discussed in the paper, except that it is stated
that the patient’s family, surgeons, anaesthetists and echocardiographers were unaware of
assigned treatment. Randomisation appears to have been performed with equal weighting of
the two arms, such that 18 subjects received iNO and 18 received placebo (one actual patient
was represented as two subjects, receiving iNO for one procedure and placebo for another).

7.2.2.7.  Analysis populations

The paper reports that the initial study population consisted of 40 studies in 39 patients; one
subject underwent two operations and entered the study twice. Four subjects were excluded
from the final analysis set, 3 because a decision was made by the surgeon not to perform
pulmonary catheterisation, and 1 because of technical difficulties with the equipment. Thus, the
final set consisted of 36 studies in 35 subjects.

Of the final set, 13 of 36 (36%) patients emerged from bypass with pulmonary hypertension
(MPAP > 50% of MSAP); 5 of these received iNO and 8 received placebo. The remaining

23 patients emerged from bypass without pulmonary hypertension; 13 received iNO and

10 received placebo.

7.2.2.8. Sample size
No formal sample size estimations were performed.
7.2.2.9. Statistical methods

The authors’ description of their statistical methodology lacked detail. It read as follows
(emphasis added):

“For analysis, patients were divided into those who had emerged from CPB with pulmonary
hypertension (MPAP values exceeding 50% of MSAP) and who had received inhaled NO or placebo,
and those who had emerged without pulmonary hypertension and who had received inhaled NO or
placebo. We compared the MPAP values obtained immediately after bypass (baseline) with
those recorded at 10 and 20 min during study gas administration (inhaled NO or placebo)
and dafter the study gas had been discontinued for 1 mins. We calculated the percent change in

6 This sentence (bolded above) omits mention of the 1-min time period, but MPAP after 1 minute of treatment was
also compared with baseline, as shown in the main results table. Confusingly, in another part of the text, the authors
refer to four time-periods, including baseline, but they actually analysed four time-periods in comparison to baseline.
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MPAP from the value immediately after bypass (before administration of NO or placebo) to each of
four follow-up times: after 1, 10, and 20 min of administration of NO or placebo and 1 min after
ceasing administration of NO or placebo. These measures were compared between the NO and
placebo groups by using the Mann-Whitney U-test. We chose this nonparametric test because the
small number of subjects would not permit convincing verification of the assumptions needed for a
parametric approach such as the two-sample t-test. We calculated the Mann-Whitney P values
using an exact algorithm because approximations may not have been accurate for our small
number of subjects.”

Importantly, subjects were stratified according to the presence (n = 13) or absence (n = 23) of
pulmonary hypertension as they emerged from CPB, and results were only significant in those
with pulmonary hypertension; only five subjects received active treatment in this subgroup. It is
unclear if this stratification was prospective or post hoc. While it is reasonable to consider the
effects of iNO on subjects with and without pulmonary hypertension, the statistical conclusions
of the paper would be considerably weakened if the stratification was performed post hoc. In
particular, the p-values cited in the abstract would be technically invalid if they were performed
on a post hoc subgroup.

[t is also unclear from the authors’ description whether a single time point was considered
primary and, if so, whether this primary time point was chosen prospectively or post hoc. If the
selection of the time point was post hoc, then a correction should be made for the performance
of multiple statistical comparisons. The lack of such an adjustment would also render the cited
p-values invalid.

The efficacy results cited in the abstract imply that the main efficacy variable of interest was the
change from baseline in MPAP among subjects with pulmonary hypertension post-CPB in iNO
recipients versus placebo recipients after 20 min of study gas, but the p-value cited for this time
point was different in the text of the abstract (p = 0.008) and the main efficacy results table

(p =0.0016, see below), suggesting that two different statistical methods were used for the
same comparison. One p-value could represent a comparison with baseline, and the other
represent a comparison between groups, but this is not clear. Another possibility is that one of
the p-values was based on a repeated-measures statistical test, looking at the overall
distribution of MPAP in each group across all four time-points, and the other was based on a
single, specific time-point. Yet another possibility is that one sided and two sided statistical tests
have been used. The discrepancy in the p-values remains unresolved, however, with both
authors and the sponsor failing to comment on the matter.

7.2.2.10. Participant flow

An initial total of 40 subjects were recruited to the study, but only 36 had evaluable efficacy data
(representing 35 unique patients, including one who was counted twice). In three subjects, a
surgical decision was made on clinical grounds not to place a pulmonary catheter. In another
subject, unspecified “technical difficulties with the equipment” occurred. This completion rate is
acceptable. The surgeon’s decision about placement of a pulmonary catheter occurred prior to
the expected commencement of randomised blinded treatment, so it is unlikely to have caused
any withdrawal bias.

7.2.2.11. Major protocol violations/deviations
Protocol violations were not discussed in the paper.
7.2.2.12. Baseline data

Baseline data is summarised in Table 12 reproduced from the original paper. Unfortunately, the
table does not indicate which treatment each subject received; nor do the original authors
provide a summary of the baseline characteristics for each treatment group. Thus, it is
impossible to determine whether the treatment groups were well matched at baseline.
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Table 12: Demographic data

Diagnosis Age Weight (kg) Downs,/CHF Preoperative SPAP /MPAP
ASD/VSD
1 mo 14 86,50
4 mo 4.3 Downs, mild CHF 8
9 mo 7.7 Downs, mild CHF 40/26
3 mo 35 CHF 85/50
1 mo 42 Mild CHF s
5 mo 5.8 CHF 7o'
Median 3.5 mo 4.2
VSD
4 mo 8 bh*
7 mo 7 Bir
15 mo 7.9 i
4 mo 4.8 CHF 86,63
3 mo 32 Downs, CHF Fry
L | 6 mo 52 CHF 82/5
Median 5.0 mo 6.1
AVSD
3 mo 33 CHF 50*
2 mo 4.3 CHF 86
4 mo 5J CHF 56/46
6 mo 54 CHF 8
7wk 49 CHF 56°
6 mo 4.8 Downs, CHF 55
I mo 34 Downs, CHF Ve
6 mo 57 Downs, CHF a8
7wk 28 Downs, CHF B4
6 mo 52 Downs, CHF T7 48
65 yr 155 Downs, CHF 108,74
5 mo 59 CHF 6461
3wk 3 4"
4wk 31 Downs, CHF 75/40
4 yr 18 Downs, CHF 80/65
4yr 18 Downs, CHF 80/ 70r
5 mo 4.5 Downs, CHF B0/56
oo 1 ma 4.1 CHF ax
Median 4.0 mo 68
Truncus
7 day 33 s/p CDH 48
2 day a7 s0*
L 10 day 42 59/44
Median 7 day a7
Cﬂ 16 mo BB 106/ bis
M5
13 mo 6.7 CHF

Moy represent patient :drrlﬁl'}w numbers.
Fatient 27 and Fatient 38 are the same patient who was studied terice.

92,60

Bodd type indicabes patients with postbypass: pulmonary hypertension (s = 130
ASD = atrisl sepial defect, VS = venbricular sepial defect, AVSD = atrioventricular septal defect, Cor T = cor tratristum, MS = mitral stenceis, s /p CHD =

status postcongenital diaphragmatic bernia, SPAF = systolic pulmonary artery pressure, MPAP = mean pulmonary artery pressure, CHF = congrstive heart

Eaidury

Flain numbers by oardisc catheterization
* Echao criteria by Y50 velocity of <2 ma~?
of =15 ma™3,

¥ Echa criteria by pulmonic insuffichency
 Echo crileria by tricuspid regurgitant pet of 3 ms E

7.2.2.13. Results for the primary efficacy outcome

The main efficacy result cited in the paper’s abstract was a subgroup analysis: a reduction in
MPAP of 19% in subjects with pulmonary hypertension post-CPB who received iNO (n = 5)
compared to an increase of 9% in subjects with pulmonary hypertension post-CPB who
received placebo (n = 8), with the comparison performed after 20 minutes of study gas. This
difference was significant, and the p-value cited in the abstract was 0.008, as follows: “Of the
patients, 36% (n = 13) emerged from bypass with MPAP > 50% MSAP. In these patients, inhaled NO
reduced MPAP by 19% (P = 0.008) versus an increase of 9% in the placebo group.” In Table 13,
showing comparisons at individual time points, the p-value cited for 20 minutes was p = 0.0016,
even though the mean changes in each group were the same as those cited in the abstract. No
explanation of this discrepancy was provided in the paper, and the issue was not noted by the
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sponsor. (The provided table is also inadequate in that it cites a p-value without declaring the
statistical test used)

Table 13: Percent change in post-bypass MPAP (MPAP > 50%MSAP)

Percent changes of MPAP (mm Hg)

MPAP postbypass MPAP as percent

Patient Agent (mm Hg) of MSAP 1 min 10 min 20 min Gas OFF
NO 26 59 -13 =15 =35 =19
NO 24 53 -8 =10 -8 -13
NO 33 80 -8 -9 - -12
NO 28 68 -21 -18 —-29 -13
NO 32 63 -6 0 -9 2

Mean * sp 29+ 4 65 = 10 -11x6 -11x7 -19+£12 -11=8
Median 28 63 -8 -10 -15 -13
P value 0.013 0.14 0.0016 0.010
] N, 21 64 -12 -5 2 2
N, 25 82 & 0 16 8
N, 53 98 25 43 45 51
N, 24 59 -6 2 0 2
N, 29 78 2 -21 9 -5
N, 21 66 29 31 10 17
N, 32 93 9 0 -3 13
N, 30 59 -3 -10 -7 -3

“Mean = sp 29 = 10 75 =15 6* 14 5x21 9x16 1118
72 5 0 6 5

Median 27

Bold numbers indicate patients who had pulmonary hypertension in the intensive care unit.

MSAF = mean systolic artery pressure.
In the other main subgroup, subjects without pulmonary hypertension, no between group
difference in MPAP was noted, as shown in Table 14. There was a weak trend to lower pressures
in the iNO group at all three time points on treatment (1 min, 10 min and 20 min), and a weak
trend to higher pressures in the iNO group one minute after ceasing study gas.

Table14: Percent change in post-bypass MPAP (MPAP < 50% SPAP)

Percent changes of MPAP (mm Hg)

MPAP postbypass MPAP as percent

n Agent (mm Hg) of MSAP 1 min 10 min 20 min GAS OFF
10 NO 21+5 38+9 4=+11 4=*13 1123 15=25
13 N, 173 36x9 6x16 719 12 28 13 =20

MSAF = mean systolic artery pressure.
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The different response to iNO in the two subgroups is displayed in Figure 17.
Figure 17: Changes in MPAP during iNO treatment
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Percent changes in mean pulmonary ar-
tery pressure (MPAP) in patients with and without
pulmonary hypertension during inhalation of ni-
tric oxide (NO) or placebo (nitrogen). Error bars
represent standard deviations.

Essentially, this study suggests that subjects who are likely to benefit from iNO are those who
display pulmonary hypertension soon after bypass; this could reflect greater pulmonary
endothelial dysfunction in such patients, with a subsequent deficiency of endogenous NO.
Providing inhaled NO for such subjects might be expected to have a more pronounced
antihypertensive effect in the pulmonary vasculature than in subjects without such a deficiency,
who exhibit normal MPAP post-CPB.

[t appears likely that the subgroup analysis was conceived post hoc, in response to the results,
which weakens the study considerably, but the observation is at least consistent with PD studies
that also showed a greater effect of iNO in subjects with greater baseline elevations of MPAP or
pulmonary vascular resistance (PVR).

7.2.2.14. Results for other efficacy outcomes

In addition to pulmonary arterial pressure, a number of other haemodynamic variables were
monitored, as summarised Table 15 for the subgroup with post-bypass pulmonary
hypertension. (This table appears to contain two errors for the control group, with MPAP
mislabelled as SPAP, and SPAP mislabelled as MSPAP; note that MSPAP receives no definition in
the legend).
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Table 15: Haemodynamic data for patients with post-bypass pulmonary hypertension

Baseline 1 min 10 min 20 min Off
Patients receiving NO
HR (bpm) 155 = 31 151 + 33 157 = 38 164 £ 35 155 £ 31
MAP (mm Hg) 45+ 4 45+ 6 5715 51 =10 519
CVP (mm Hg) §x3 73 §x3 g2 102
MPAP (mm Hg) 20+ 4 26+4 26x8 23%5 26+5
SPAFP (mm Hg) 45 %6 2*7 43+8 7x9 3B=10
DPAP (mm Hg) 205 19+6 18+6 14£5 155
Patients not receiving NO
HR (bpm) 148 + 11 148 + 19 150 + 14 15221 153+ 23
MAP (mm Hg) 3P9x9 4 +7 52+12 55*6 54+9
CVP (mm Hg) 72 12+ 15 11 =12 7x3 Bx5
SPAP (mm Hg) 29+10 32+*15 3119 33+18 M+19
MSFPAP (mm Hg) 42 +10 45 + 16 45 + 19 44 + 19 45+ 19
DPAF (mm Hg) 21211 2415 2419 26+ 19 27 £ 21

HR = heart rate, MAP = mean arien’al pressure, CVP = central venous pressure, MPAP = mean pulmonary artery pressure, SPAP = systolic pulmonary
artery pressure, DFAF = diastolic pulmonary artery pressure.
The original authors did not explicitly report any statistical comparisons between the two
treatment groups for haemodynamic variables other than MPAP, apart from the overall
summary statement: “Inhalation of NO compared with placebo did not significantly alter systemic
hemodynamics (MSAP, heart rate, atrial pressure).”

There was no difference between groups in the level of inotropic support needed. The authors
noted that, in addition to routine dopamine, one patient in each treatment group required
additional inotropic support.

Oxygenation was not altered by iNO in this study, with the authors stating “There was no
significant change in the arterial oxygenation during the study period.”

7.2.2.15. Conclusion

This randomised, double blind study demonstrated a pharmacodynamic effect for iNO 80 ppm
in paediatric patients with pulmonary hypertension undergoing cardiac surgery, in response to
a short period of iNO treatment (20 minutes) at a dose much higher (80 ppm) than that
proposed for registration. The effect was confined to a small subgroup of patients (n = 13, of
whom only 5 received iNO) who demonstrated elevated mean pulmonary arterial pressure
immediately after cardiopulmonary bypass. MPAP in this subgroup was reduced by 19% in the
iNO group versus an increase of 9% in the placebo group (P = 0.008). Many aspects of the study
were unclear, including the exact statistical test used to generate the headline p-value, and it
was not stated whether the subgroup analysis was planned prospectively or performed post hoc
in response to weak results in the whole cohort.

On balance, this study is consistent with supportive PD studies, but it cannot be considered an
adequate efficacy study, much less a pivotal one.

7.2.3. Day 2000
7.2.3.1. Abstract

Randomized Controlled Study of Inhaled Nitric Oxide After Operation for Congenital Heart
Disease

Background. Inhaled nitric oxide selectively decreases pulmonary vascular resistance. This
study was performed to determine whether inhaled nitric oxide decreases the incidence of
pulmonary hypertensive crises after corrective procedures for congenital heart disease.

Methods. Patients with a systolic pulmonary arterial pressure of 50% or more of the systolic
systemic arterial pressure during the early post-operative period were randomized to receive
20 parts per million inhaled nitric oxide (n = 20) or conventional therapy alone (n = 20). Acute
hemodynamic and blood gas measurements were performed at the onset of therapy. The
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efficacy of sustained therapy was determined by comparing the number of patients in each
group who experienced a pulmonary hypertensive crisis.

Results. In comparison to controls, there were no significant differences in the baseline and 1-
hour measurements of patients who were treated with nitric oxide. Four patients in the control
group and 3 patients in the nitric oxide group experienced a pulmonary hypertensive crisis.

Conclusions. Nitric oxide did not substantially improve pulmonary hemodynamics and gas
exchange immediately after operation for congenital heart disease. Nitric oxide also failed to
significantly decrease the incidence of pulmonary hypertensive crises.

7.2.3.2.  Study design, objectives, locations and dates

This small study (n = 40, with 38 unique patients) employed a randomised, open label design to
compare the efficacy of iNO versus conventional therapy in the prevention of pulmonary
hypertensive crises after cardiac surgery in children and young adults. Conventional therapy
was variable and was administered at the discretion of the treating physician. The study was
clearly underpowered for its primary endpoint. Along with the open label design, this would
ordinarily make it unsuitable to be considered as a pivotal efficacy study.

The study was performed in Utah, USA, from August 1993 to August 1999.
7.2.3.3.  Inclusion and exclusion criteria

Subjects were eligible if they had congenital heart disease with pulmonary hypertension,
underwent a biventricular repair or heart transplantation, and their systolic pulmonary arterial
pressure was at least 50% of the systolic systemic arterial pressure at the time they were
successfully removed from cardiopulmonary bypass (CPB).

Because eligibility was determined at the time of removal from CPB, several patients were
flagged as potential subjects pre-operatively and their families were informed about the study,
but only a proportion of these became eligible.

The study did not limit eligibility based on age, but most subjects (and all control subjects) were
paediatric. The median age in control subjects was 6 months (range, 1 day to 3 years); the
median age in iNO recipients was 7 months (range, 1 day to 20 years). The number of non-
paediatric subjects in the active group was unclear.

All patients had at least echocardiographic evidence of pulmonary hypertension before
operation, but pre-operative catheter evidence of pulmonary hypertension was not required
because heart catheterisation was not a prerequisite for operation.

7.2.3.4.  Study treatments

Subjects received either “active treatment” (iNO, 20 ppm) or “conventional therapy”, where
conventional therapy was determined individually by each subject’s attending clinical team.
This design was mandated by the local ethics committee, who felt that conventional therapy
should not be limited artificially; as a result, the control group did not receive uniform
treatment. This may have limited the ability of the study to demonstrate a clear between group
difference.

Control patients who experienced a pulmonary hypertensive crisis were allowed to receive iNO
as rescue therapy after failing conventional therapy. Nitric oxide was not discontinued in
treated patients who experienced a pulmonary hypertensive crisis unless there was a concern
of drug toxicity. This rescue therapy may have limited the ability of the study to detect major
differences in outcome, such as mortality, but it seems appropriate on ethical grounds.

Some endpoints were based on haemodynamic changes after one hour of iNO, but iNO
treatment was continued for most of the time subjects were in intensive care. All subjects
receiving iNO (as randomised active treatment or as rescue therapy) “continued iNO until care
providers decided to wean the patient from assisted ventilation.” Prior to extubation, iNO was
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gradually withdrawn by decreasing the dose during a period of 6 to 12 hours. Supplemental
oxygen was transiently increased when nitric oxide was discontinued.

Subjects in both groups were permitted to receive additional agents with haemodynamic effects,
as summarised in Table 16. Such agents included inotropes for support of blood pressure or
cardiac output, as well as vasodilators for hypertension. Most subjects (controln =17,iNOn =
19) received the systemic NO donor, nitroprusside, which may have limited the ability of the
study to show additional benefit of inhaled NO.

Table 16: Inotropic and vasodilatory agents

Control Nitric Oxide
Agents Group (n) Group (n)
Dopamine 18 20
Dobutamine 15 17
Nitroprusside 17 19
Milrinone 9 9
Amrinone 5 5
Epinephrine 7 6
[soproterenol 1 0
Prostaglandin E, 2 1

7.2.3.5.  Efficacy variables and outcomes

The main efficacy variables were the number of patients with PHTC and the haemodynamic
course of subjects over the first hour of treatment.

A PHTC was defined as “an acute episode of suprasystemic pulmonary arterial pressure associated
with a decrease in blood pressure, heart rate, or oxygenation that required a change in medical
therapy or ventilatory support.”

Heart rate, systemic arterial pressure, pulmonary arterial pressure, atrial pressures, and pulse
oximetry were supposed to be monitored continuously in all subjects. Baseline measurements
were performed “when patients were clinically stable after admission to the intensive care unit”,
prior to the commencement of open label iNO. After about one hour, the haemodynamic and
blood gas measurements were repeated and compared to baseline.

7.2.3.6.  Randomisation and blinding methods

Patients were randomly assigned with equal probability to a control group that received
conventional therapy or an active-treatment group that received iNO (20 ppm). Randomisation
was achieved using a blind draw from sequential blocks containing six assignments.

7.2.3.7.  Analysis populations

The investigators did not specify distinct analysis groups, but it appears that the main efficacy
analysis included all randomised patients, all of whom received treatment. Nineteen unique
patients were enrolled into each patient group, but two patients were each enrolled on two
separate occasions; analysis was thus based on 20 notional subjects in each group.

7.2.3.8.  Sample size

The investigators did not present any prospective sample size calculations, and it appears that
the sample size was instead based on logistical feasibility.

The authors suggest that a much larger study would be needed to demonstrate a significant
between group difference in the primary endpoint, PHTCs: “Using a power analysis for
contingency tables, more than 2,000 patients may be needed to determine whether nitric oxide
decreases the incidence of pulmonary hypertensive crises with a power (1-) more than 0.90”. This
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estimate appears unduly pessimistic, given that the previously described study of Miller et al,
2000, achieved statistical significance with similar endpoints, based on treatment groups that
were approximately three times larger than those in Day et al.

In reference to the negative haemodynamic outcomes in the study, the authors commented that
“The sample size was large enough to conclude that nitric oxide did not decrease the ratio of
systolic pulmonary and systemic arterial pressures by 20% in comparison to controls with a power
(1-B) more than 0.75.”

7.2.3.9. Statistical methods

Comparisons between patient groups used a factorial analysis of variance or Fisher’s exact test.
Serial haemodynamic and blood gas measurements were compared by analysis of variance for
repeated measures (RM-ANOVA). Results were considered significant if they were associated
with a p-value < 0.05, using a Scheffe’s F test. Descriptive numerical values were expressed as
mean * standard error.

7.2.3.10. Participant flow

Participant flow was not directly discussed in the paper, but it appears that all randomised
subjects were treated, and all completed the study.

7.2.3.11. Major protocol violations/deviations
Several haemodynamic or blood gas variables were not recorded for several subjects:

e Heart rate comparisons were limited to 17 control patients and 13 iNO patients, because
heart rate was determined by temporary pacing in 10 patients.

o Left atrial pressure comparisons were limited to 17 patients in each group because 6
patients did not have a catheter placed in the left atrium.

e Matching sets of systemic and pulmonary arterial blood gas measurements were
inadvertently obtained in only 11 patients in the control group and 15 patients in the iNO

group.
7.2.3.12. Baseline data

The major baseline disease characteristics (cardiac diagnoses, presence of Down'’s Syndrome,
and lung disease) are shown in Table 17. The median age in control subjects was 6 months
(range, 1 day to 3 years); the median age in iNO recipients was 7 months (range, 1 day to 20
years). The groups appeared reasonably well matched for age, the presence of Down’s
Syndrome, and the presence of pre-operative lung disease.

Baseline haemodynamic parameters were not particularly well matched. The baseline systolic
pulmonary pressure was 47 * 2 mm Hg in the control group, compared to 52 *+ 3 in the iNO
group. The mean difference of 5 mm Hg was not statistically significant, but it equalled the size of
the treatment effect in the iNO group. (The authors did not explicitly state whether they
compared the two groups in terms of haemodynamic changes from baseline, so the presence of
differences at baseline may have limited the ability of the study to find a treatment effect.)
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Table 17: Patient diagnoses

Control Nitric Oxide
Diagnoses Group (n) Group (n)
Cardiac
Atrioventricular 5 7
septal defect
Atrial or ventricular 5 6
septal defect
Total anomalous 8 3
pulmonary venous
return
Partial anomalous 1 0
pulmonary venous
return
Pulmonary venous 3 2
obstruction
Mitral valve stenosis 0 1
Single ventricle with 1 0
aortic hypoplasia
Tetralogy of Fallot 1 0
Stenosis of the 1 0
aortic and
pulmonary valves
Cor triatriatum 0 1
Other
Down syndrome 7 8
Lung disease before 14 11

operation

7.2.3.13. Results for the primary efficacy outcome

The primary endpoint, PHTC, occurred infrequently, which limited the overall power of the
study to detect a between group difference. PHTCs occurred in 4 control patients and in 3 iNO
patients. This difference was not significant (p-value and 95% Cls not supplied), but it
represents a reduction of 25%, which would be clinically meaningful if sustained in practice.
Clearly, no conclusions can be drawn from such small numbers.

Table 18: Characteristics of patients who developed PHTC

Onset Lung Neuromuscular
Patient Age Diagnosis of Crisis Disease Blockade
Control group
] 4 months Aortic and pulmonary valve stenosis 2 hours Yes Yes
5 months Atrioventricular septal defect 5 days Yes No
7 months Tetralogy of Fallot, branch pulmonary stenosis 3 days Yes Yes
L 6 months Atrial and ventricular septal defects 2 days Yes No
Nitric oxide group
7 months Pulmonary venous obstruction 12 hours No No
7 months Atrioventricular septal defect 16 hours No No
L | 12 months Ventricular _~.|_-pr.l| defect 2 hours Yes No

All four subjects receiving control therapy were switched to rescue iNO therapy, and they
subsequently showed a statistically significant fall in systolic pulmonary artery presssure.
Unfortunately, in the absence of a control therapy at the time of switching, it is not possible to
estimate the extent to which this improvement represents a pharmacological effect, or the
natural termination of a surge in pulmonary arterial pressure.
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Table 19: Haemodynamic and blood gas measurements treated with iNO for PHTC

Acute Hemodynamic and Blood Gas Measurements
of the Four Control Patients Who Were Treated With
Inhaled Nitric Oxide After Experiencing a Pulmonary
Hypertensive Crisis

Baseline After
Pulmonary
Hypertensive Nitric Oxide

Variables Crisis (1 hour)

Heart rate (min~') 161 + 20 157 = 192

Systolic pulmonary pressure 675 50 = 6°
(mm Hg)

Systolic systemic pressure 80+5 83 =10
(mm Hg)

Right atrial pressure 148 =09 12.0 £ 0.8
(mm Hg)

Left atrial pressure 147 =09 140x=1.0
(mm Hg)

pH 7.39 = 0.06 7.44 = 0.04

PaCO, (mm Hg) 49 +9 43 +6

PaO,/FIO, 137 = 14 206 = 16°
(mm Hg)

PaCQO, = arterial carbon dioxide tension; PaO,/FIO, = ratio between
the arterial oxygen tension and the fraction of inspired oxygen.

# p < 0.05 versus baseline.

7.2.3.14. Results for other efficacy outcomes

Results of haemodynamic monitoring were highly suggestive of a treatment effect, but did not
achieve formal statistical significance. At baseline, there were no significant differences in
haemodynamic parameters and, at one hour, there were still no significant differences, but
systolic pulmonary arterial pressure (SPAP) in the control group started relatively low and
increased after an hour, whereas SPAP in the iNO group started relatively high and decreased by
approximately 10%. Note that, based on SPAP alone, this study provided no evidence that
conventional therapy had any utility in the treatment of pulmonary hypertension; mean SPAP
actually increased in the control group. The fact that the contrasting outcomes in the active and
control groups did not achieve statistical significance is likely to reflect the fact that the study
was underpowered.

The authors compared the changes in ratio of systolic pulmonary and systolic systemic arterial
pressures (SPAP/SSAP) for the two patient groups, and this comparison approached statistical
significance (p = 0.066) but the actual values of this ratio were not reported. It would have been
appropriate to perform a similar comparison of the mean changes in SPAP in each group,
because the differences in group means at baseline worked against the finding of a significant
difference at one hour, but this statistic was not reported. (It is unclear from the paper whether
the authors performed this analysis, but it appears likely that they did, given that it is an
obvious analysis to perform and they performed the more complex analysis of changes in
SPAP/SSAP ratio. The authors may have performed the analysis but failed to mention it because
it did not achieve significance.) The lack of clarity on this point is another weakness of the
paper.

Relative to baseline several haemodynamic and oximetry parameters in the iNO group showed a
significant change, but it is unclear to what extent this represents the normal recovery of
haemodynamic function after CPB. These parameters included heart rate, pulmonary arterial
pressure, left atrial pressure, pH, arterial carbon dioxide tension, and the ratio of arterial oxygen
tension and fraction of inspired oxygen. The change in right atrial pressure for iNO patients
approached statistical significance (p = 0.065). Also, as shown in Figure 18, there was a small
but significant decrease in the SPAP/SSAP ratio in the active group, relative to baseline (p =
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0.011). This change was not significant when compared to change in the placebo group, as noted
above. In the control group, no changes compared to baseline reached statistical significance.

Table 20: Acute haemodynamic and blood gas measurements

Control Group Nitric Oxide Group
Variables Baseline 1-Hour Baseline 1-Hour
Heart rate {min ") 159 = 4 157 = 4 162 = 5 155 = 5%
S:.'.L-tulir pu]mm'l.!r:. pressure {mm H};J 47 =2 49 = 2 52+3 47+ 22
Systolic systemic pressure (mm Hg) 80 =2 824 895 87 £4
Right atrial pressure (mm Hg) 94 =09 99 =07 10.5 = 0.8 9.5 = 0.6
Left atrial pressure (mm Hg) 10.9 £ 1.0 10.5 = 0.9 12.0 = 1.1 11.0 £ 1.1*
pH 749 = 0.02 747 = 0.02 746 = 0.02 7.50 = 0.01*
PaCO, (mm Hg) =3 41+3 391 3617
PaQLFIO.(mm Hg} 159 + 22 181 =13 141 = 15 179 + 16
PaCOy; = arterial carbon dioxide tension; PaOo/FIO; = ratio between the arterial oxygen tension and the fraction ef inspired oxvgen.
g = 0,05 versus baseline, There were no differences between patient groups at baseline or after 1 hour of therapy,

Figure 18: Change in ratio of SPAP to SSAP with iNO
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Ratio of systolic pulmonary and systolic systemic arterial
pressures. In comparison to baseline, pafients developed a small im
provement in the ratio of systolic pulmonary and systolic systemic
arterial pressures (systolic PAP/systolic SAP) after Hhe onset of
inhaled nitric oxide therapy ("p = 0.011). However, there were no
differences bekween patient groups at baseline or after 1 hour of
observation.

The summary of this study that appears in the sponsor’s Summary of Clinical Efficacy and in the
proposed PI highlights the fact that significant changes were observed in the active group and
not the control group. This is an important observation, and it is suggestive of a treatment effect,
but it does not amount to a positive finding of a between group difference because the changes
in the active group include an unknown component of post-CPB changes unrelated to the
assigned treatment. The control-subtracted changes relative to baseline would have been of
more interest, but these were not reported; with the exception of the systolic pulmonary:
systemic pressure ratios, which did not show a significant difference between groups (despite
showing a difference in the iNO group relative to baseline). The failure of pulmonary arterial
pressures to show a significant treatment effect could reflect the fact that iNO has only modest
haemodynamic effects, but it could also reflect an under-powered study. Given that several
other studies did show a significant change in PAP, the latter explanation appears more likely.

The analysis of secondary endpoints was compromised by the failure of the investigators to
collect comprehensive haemodynamic and blood gas data in all subjects, but it appears unlikely
that this applies to pulmonary arterial pressure data. The paper explicitly states that data
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collection at one hour was incomplete for heart rate, left atrial pressure and blood gases, but it
does not explicitly state the number of subjects contributing data to the pulmonary arterial
pressure analyses. It seems likely that data collection was complete for this endpoint because
pulmonary artery pressure was closely monitored in all subjects and represented a major focus
of the study; furthermore it would be expected that the authors would comment if such data
were missing.

7.2.3.15. Conclusion

This was a small, underpowered, open label study that assessed the efficacy of iNO 20 ppm in
paediatric patients undergoing cardiac surgery. It had incomplete matching of the patient
groups at baseline, and it failed to demonstrate a significant treatment effect for iNO 20 ppm in
terms of both PHTCs (the primary endpoint) and several haemodynamic endpoints including
systolic pulmonary arterial pressure (SPAP) and the ratio of systolic pulmonary and systemic
arterial pressure. The use of rescue therapy may have limited the ability of the study to show a
treatment difference.

The trends observed in this study were favourable for iNO, so it does not actually undermine the
efficacy evidence obtained from other studies, but it is only weakly supportive.

7.2.4. Morris 2000
7.2.4.1. Abstract

Comparison of hyperventilation and inhaled nitric oxide for pulmonary hypertension after
repair of congenital heart disease.

Background: Pulmonary hypertension is associated with congenital heart lesions with increased
pulmonary blood flow. Acute increases in pulmonary vascular resistance (PVR) occur in the
post-operative period after repair of these defects. These increases in PVR can be ablated by
inducing an alkalosis with hyperventilation (HV) or bicarbonate therapy. Studies have shown
that these patients also respond to inhaled nitric oxide (iNO), but uncertainty exists over the
relative merits and undesirable effects of HV and iNO.

Hypothesis: Alkalosis and iNO are equally effective in reducing PVR and pulmonary artery
pressure (PAP) in children with pulmonary hypertension after open heart surgery.

Setting: Critical care unit of a tertiary care paediatric hospital.
Design: Prospective, randomized, crossover design.

Patients: Twelve children with a mean PAP > 25 mm Hg at normal pH after biventricular repair
of congenital heart disease.

Interventions: Patients were assigned to receive iNO or HV (pH > 7.5) in random order, and the
effect on haemodynamics was measured. Each treatment was administered for 30 mins with a
30 min washout period between treatments. Finally, both treatments were administered
together to look for a possible additive effect.

Measurements and Main Results: Cardiac output and derived haemodynamic parameters using
the dye dilution technique. Hyperventilation, achieved by an increase in ventilator rate without
a change in mean airway pressure, decreased PaCO; from a mean (SD) of 43.7 + 5.3 to

32.3 + 5.4 mm Hg and increased pH from 7.40 + 0.04 to 7.50 * 0.03. This significantly altered
both pulmonary and systemic haemodynamics with a reduction in PAP, PVR, central venous
pressure, and cardiac output and an increase in systemic vascular resistance. In comparison,
iNO selectively reduced PAP and PVR only. The reduction in PVR was comparable between
treatments, although addition of iNO to HV resulted in a small additional reduction in PVR. An
additional decrease in PAP was seen when HV was added to iNO, attributable to a reduction in
cardiac output rather than a further decrease in PVR.
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Conclusions: Inhaled NO and HV are both effective at lowering PAP and PVR in children with
pulmonary hypertension after repair of congenital heart disease. The selective action of iNO on
the pulmonary circulation offers advantages over HV because a decrease in cardiac output and
an increase in SVR are undesirable in the post-operative period.

7.2.4.2.  Study design, objectives, locations and dates

This small study (n = 12) used a randomised, controlled, open label crossover design to
compare the haemodynamic effects of iNO (at 5 ppm and at 40 ppm) versus hyperventilation
induced alkalosis (HV) in children recovering from biventricular repair and CPB. Subjects
received each treatment for 30 minutes, in a random order, with a 30 minute washout period
between treatments. The iNO was administered at two doses, 5 ppm for 15 minutes and then
40 ppm for 15 minutes. Finally, after receiving both treatments, subjects received combined
therapy with both iNO and HV.

Although the sponsor designated this study as pivotal, because it used a control therapy and it
was performed in a paediatric cardiac surgical setting, it lacked most of the features required
for a Phase III pivotal study: it was very small, it was unblinded, it had no untreated control
group by virtue of its crossover design, and it did not clearly define a prospective primary
endpoint. Furthermore, it only involved very short term treatment (30 minutes of iNO) with
haemodynamic rather than clinical endpoints. A study of this design would ordinarily be
classified as a PD study. Thus, it should be considered a small supportive study, not as pivotal.

7.2.4.3. Inclusion and exclusion criteria

Subjects were eligible if they were children undergoing biventricular repair for congenital heart
disease, and they exhibited post-operative pulmonary hypertension (mean PAP > 25 mm Hg ata
normal pH).

7.2.4.4.  Study treatments

All subjects received HV and iNO in random order. Treatments were administered for

30 minutes, separated by a 30 minute washout period. After receiving both treatments
separately, subjects then received both treatments concurrently to assess for potential additive
effects.

HV was performed in order to produce alkalosis, with a target arterial pH of 7.50, achieved by
increasing the ventilator rate. Patients were ventilated with a Servo 900C ventilator (Siemens,
Solna, Sweden) in pressure control mode with a positive end expiratory pressure of 5 cm H>0
and peak inspiratory pressure set to deliver 10 to 15 mL/kg tidal volume. To avoid causing
alterations in PVR directly by changing lung volume, PaCO; was reduced by increasing the
ventilator rate while holding the tidal volume constant. Inspiratory to expiratory time ratios and
mean airway pressures were also kept constant during HV.

Inhaled NO was administered for 30 minutes, at two different doses: 5 ppm for 15 mins
followed by 40 ppm for 15 mins. The concentration was determined by an electrochemical
monitor (Sensor-Stik EIT, Exton, PA). Methaemoglobin concentration was also measured; it
remained < 2% in all patients.

In addition to randomised treatment, all subjects received standard intraoperative and post-
operative care, including admission to an intensive care unit. All subjects were sedated with a
continuous morphine sulfate infusion at 40 mg/kg/hr, and all subjects received muscle
relaxants. Core body temperature was maintained at 36.0 to 37.8°C. Subjects received inotropes
and other medications as indicated. Eight subjects received sodium nitroprusside at baseline.
This agent is a systemic nitric oxide donor and its use in the majority of subjects may have
partially limited the ability of the study to find additional pharmacodynamic effects in response
to iNO. It is unclear if the use of such agents was reasonably constant across the different
treatment intervals.
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7.2.4.5.  Efficacy variables and outcomes
The main efficacy variables, recorded at the start and end of each treatment period, were:
e heartrate
e systemic arterial pressure (BP)
e pulmonary artery pressure (PAP)
o left atrial pressure (LAP)
e central venous pressure (CVP)

e cardiac output measured by dye dilution (indocyanine green), based on the mean of three
values

e arterial pH, Pa0,, PaCO2, and mixed venous oxygen saturation

e cardiacindex (CI)

e systemic vascular resistance index (SVRI)

e pulmonary vascular resistance index (PVRI)

e arterial oxygen saturation minus mixed venous oxygen saturation was calculated.

The primary efficacy outcomes were not declared explicitly, but they appeared to be the change
in PVRI and PAP, based on the hypothesis declared in the abstract: “Alkalosis and iNO are equally
effective in reducing PVR and pulmonary artery pressure (PAP) in children with pulmonary
hypertension after open heart surgery.”?

7.2.4.6.  Randomisation and blinding methods

Each subject received the two main treatments in random order, with the randomisation
method unspecified.

Treatment was open label, with no attempts to perform blinding. Given the fact that the efficacy
variables were objective, the lack of blinding is unlikely to have had a major impact on the study
results, but subtle changes in the clinicians” treatment, based on their expectations of the
response to each treatment, could have introduced small changes in the haemodynamic
parameters of the patients. For a small supportive study, this is not a major issue.

7.2.4.7.  Analysis populations

The authors did not formally define analysis populations. It appears that all 12 randomised
subjects were analysed.

7.2.4.8. Sample size

No discussion of sample size was provided. It appears that the sample size was based on
logistical feasibility rather than power considerations.

7.2.4.9.  Statistical methods
The description of the statistical methods in the paper was very brief:

“Changes within each treatment period were analysed by using a paired Student’s t-test with
statistical significance defined as p < .05, whereas differences between the three treatments (NO,
HV, NO+HV) were analysed by comparing the values recorded at the end of each treatment period
by using analysis of variance for repeated measures [RM-ANOVA] and the Fisher least significant

7 Although this hypothesis refers to PVR, not PVR], all efficacy results were reported in terms of PVRI (which is
essentially the PVR normalised for body size, calculated by dividing PVR by body surface area; it is expressed in Wood
Units/m2, or [mmHg-min/1]/m?2).
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difference multiple comparison procedure. The Bonferroni correction for the p-value, adjusted for
multiple comparisons, was set at <.01. Values are given as mean #+ SD.”

These statistical tools are broadly appropriate. For the main inter group comparisons, the
primary statistical tool was RM-ANOVA, which is suitable for assessing different measures
reapplied to the same subjects. The authors appropriately corrected the significance threshold
for the use of multiple endpoints. A paired t-test was used to assess changes within treatment
periods, which is appropriate for showing whether the haemodynamic changes associated with
each treatment were significant, but this approach does not clarify the relative efficacy of the
different treatments. Also, it remains unclear to what extent the changes during treatment were
potentially due to natural recovery from CPB. (It is implied by the authors, but not directly
shown, that haemodynamic parameters deteriorated during the 30 minute washout period
between treatments; it would have been useful to explore this deterioration explicitly,
otherwise it could be hypothesized that a major source of improvement was simply the
increasing time since CPB).

The main statistical flaws in the paper were:
o the failure to present or discuss power considerations
o the failure to provide confidence intervals for the results.

These omissions are particularly important given that the authors’ hypothesis was a negative
one; they predicted (and subsequently found) a lack of difference between treatments. A failure
to find a significant difference is not the same as proving equivalence, because the lack of
demonstrated significance could be due to an inadequately powered study. To draw any reliable
inferences from the analysis, it is important to know how big a difference the study could have
missed, and with what likelihood.

7.2.4.10. Participant flow

This was a small study with all subjects under direct monitoring in the operating theatre and
then intensive care, so all subjects completed the study. The paper implies that all subjects were
fully evaluable for efficacy.

7.2.4.11. Major protocol violations/deviations
Protocol deviations were not discussed in the paper.
7.2.4.12. Baseline data

Baseline data for all twelve subjects is shown in Table 21. The age range extended from 0.1
years to 17.7 years.

Table 21: Patient details

Agde Mean PAP PYVRI [nfusions
Patient (Yrs) Diagnosis (mm Hg) (Wood Units/m®) Mean PAF/BP (pgkg/min)

0.2 Hemitruncus 51 10.7 0.91 Dop 10, SNP 2, Iso 0.05, Amri 10

0.5 AVSD 30 4.7 0.49 Dop 10, SNP 3

0.7 AVSD 41 6.5 0.59 Dop 5, SNP 2

17.7 TCGA mustard baffle obstruction H 55 0.43 Dop 75

0.2 TAPVC 55 14.8 1.21 Dop 5, Amri 15

0.3 TAPYVC 32 11.3 0.43 Dop 10, SNP 4

0.3 TAPVC 7 4.1 0.42 Dop 7.5, 1s0 0.2, Amri 10

0.1 Hemitruncus 30 39 0.56 Dop 7.5, SNP 1, Amn 15

0.7 VsD 36 73 0.56 Dop 5

133 MS, SAS a5 113 0.47 Dop 7.5, SNP 1.5

0.7 AVSD 29 8.6 0.55 Dop 5, SNP 1

29 MVR k1 6 052 Dop 5, SNP 2, Iso 0.01

PAP, pulmonary artery pressure; FVRIL pulmonary vascular resistance index; BF, blood pressure; Dop, dopamine; SNP, sodium nitroprusside; Iso,
isoprenaline; Amri, amrinone; AVSD, atrioventricular septal defect; TGA, transposition of the great vessels; TAPVC, total anomalous pulmonary venous
connection; VSD, ventricular septal defect; MS, mitral stenosis; SAS, subaortic stenosis; MVR, mitral valve replacement.
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7.2.4.13. Results

The authors did not distinguish between primary and secondary outcomes. This study showed
no significant differences between iNO and HV for pulmonary haemodynamic parameters, but it
showed some differences relative to baseline for each treatment.

Hyperventilation was successful in reducing PaCO; and increasing pH: mean PaCO; decreased
from 43.7 £ 5.3 mm Hg to 32.3 + 5.4 mm Hg and arterial pH increased from 7.40 * 0.04 to

7.50 + 0.03. During hyperventilation, significant changes were observed for both systemic and
pulmonary haemodynamics, as shown in the table below. The median reduction in PVRI during
HV was 19.9% (range 22 to 43.2), and this was significant compared to baseline (p < 0.01).
MPAP was reduced from 36.8 + 9.8 to 28.4 £ 5.3, and this was also a significant change
compared to baseline (p < 0.001). HV was also associated with a significant increase in SVRI

(p <0.01), as shown in Table 22.

Table 22: Haemodynamic effects of hyperventilation

Cardiac Stroke
Heart Rate Index Index CVp LAP Mean PAP Mean BP FVRI SVRI

Patient Pre HV Pre HV Pre HV Pre HV Pre HV Pre HV Pre HY Pre HV Pre HYV

169 160 41 38 260 24 13 14 T 8 56 k1) 54 7l 11.1 76 93 148
147 124 321 263 21.8 212 13 11 15 12 30 22 61 52 47 18 149 156
132 113 356 273 271 242 13 10 18 9 4l 23 70 Ba 6.5 37 157 202
113 110 484 481 429 37 21 19 10 9 36 4 75 7l 5.4 532 112 106
139 142 232 228 16,7 16.1 13 10 13 11 36 a8 30 26 186 118 16.1 202
131 116 151 145 116 125 14 12 19 17 35 27 95 90 10.6 6.9 528 537
147 149 345 324 235 218 14 10 13 11 27 23 = [ 1.1 3.7 145 169
170 180 215 233 p27 129 10 11 4 12 28 29 i3 67 8.5 73 153 241
155 145 414 307 267 212 13 11 6 6 36 27 &} 58 7.3 69 123 15l
123 119 1.59 1.5] 131 129 14 12 17 15 35 28 75 72 113 8.6 376 396
142 139 221 204 155 147 11 10 10 10 29 24 53 61 8.6 6.9 19.1 4.9
108 100 361 3.6 334 316 11 10 14 12 32 28 65 63 5.1 5.1 15.1 16.8
Mean 1397 1331 308 27%* 226 214° 133 1.7 126 110 368 254 o4 [ 8.5 64* 195 227
S0 19.7 234 L1l 096 9.4 9.1 2.7 26 4.3 3.0 9.8 5.3 13.7 9.8 1.1 24 127 123

CVP, central venous pressure; LAP, left atrial pressure; PAP, pulmonary artery pressure; BP, blood pressure; PVRI, pulmonary vascular resistance index;
SVRI, systemic vascular resistance index.

&

p < 05 % < 01; p < 001 vs. prevalue.

Inhaled NO produced marginally greater reductions in PVRI, which showed a median reduction
of 23.7% (range 3.8 to 41.2); the changes were significant relative to baseline (p < 0.001). MPAP
was also significantly reduced, from 34.5 * 2.8 to 29.4 + 2.7 mm Hg (p < 0.01). No difference in
response was seen between 5 ppm and 40 ppm. The effect on pulmonary vasodilatation was
selective, with no effect on SVRI. The cardiac index also remained unchanged with iNO. The
authors commented that no rebound pulmonary hypertension was associated with the
discontinuation of iNO (possibly reflecting a short duration of treatment).
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Table 23: Haemodynamic effects of nitric oxide at 40ppm

Cardiac Stroke
Heart Rate Index Index CVP LAP Mean PAP Mean BP FVRI SVRI

Patient Pre KO Pre NO Pre NO Pre NO Pre NO Pre NO Pre NO Pre NO Pre NO
174 165 412 441 237 267 13 13 7 8 51 37 56 61 10.7 6.6 105 109
145 134 324 a2 23 242 1 12 13 14 29 26 i 0] 49 17 164 151
102 102 264 227 24 22 10 11 14 15 27 25 &0 (] 49 44 189 225
104 103 433 516 416 501 19 201 10 10 3 32 79 76 55 43 139 109
140 139 284 233 203 16.7 12 12 13 13 55 39 46 53 148 11.2 12 109

142 137 1.68 1.95 118 14.2 11 13 13 18 32 k1 4 89 11.3 6.7 B2 B
151 150 39 378 259 252 14 14 14 14 29 26 Th 74 18 3.2 161 159
172 173 237 2 138 11 L] ] 9 L] 30 26 54 A6 8.8 85 186 185
146 143 325 314 23 238 13 12 5 7 M 27 55 58 89 5.9 129 132
125 122 174 L79 139 147 13 13 17 17 34 0 76 7 9.8 72 382 346
134 131 208 227 155 173 10 10 10 10 25 24 55 56 T2 6.2 216 203
L | 118 112 366 353 311 315 G 11 12 12 M 30 65 (i ) 5.1 153 156
Mean 137.8 13437 299 301 22 231 12 125 114 12.3 M5 M8 633 B46 5.1 6.1° 19.2 19.5
S0 229 223 091 108 84 104 92 48 109 12 28 2.7 33 35 33 22 89 L

CVP, central venous pressure; LAP, left atrial pressure; PAP, pulmonary artery pressure; BP, blood pressure; PYRI, pulmonary vascular resistance index:
SVRI svstemic vascular resistance index.
o< 01; ®p < 001 vs. prevalue,

There was no significant difference in the response to iNO and to HV, when either therapy was
used alone, as shown in Table 24 and Figure 19. The combination of both therapies produced a
marginally greater reduction in PVRI than either individual therapy, but the differences were
not significant. There was a greater reduction in MPAP with combination therapy than with
either therapy alone, and the difference between the combination and iNO alone was significant
(p < 0.01). Cardiac index and stroke index were both significantly lower with the combination
than with iNO alone, and SVRI was significantly higher with the combination than with iNO
alone, as shown in Table 24.

Table 24: Haemodynamic comparison of HV, iNO, and combined therapy (Mean + SD)

HV NO HV + NO
Heart rate 133.1 = 234 1343 = 223 131.3 = 25.2
Cardiac index 2.76 = 0.96 3.01 = 1.08 2.62 = 0.89¢
Stroke index 214 +9.1 23.1 =104 20.7 + 8.9°
CVP 11.7x26 125 + 2.7 11527
LAP 11.8 = 3.7 123 + 35 11.8 = 3.9
Mean PAP 284 =53 204 + 4.8 26.8 = 3.5°
Mean BP 66.0 = 0.8 64.6 = 12.0 66.9 = 12.3
PVRI 64 +24 6.1=+22 6+ 2.0
SVRI 227 +123 195 = 88 202 + 15.9°
PVRI/SVRI 0.33 = 0.15 0.35 = 0.16 0.29 + (.13°

CVP, central venous pressure; LAP, left atrial pressure; PAP, pulmonary artery pressure; BP, blood
pressure; PVRI, pulmonary vascular resistance index; SVRI, systemic vascular resistance index.
9 < 001 NO vs. HV + NO: ®p < .01 NO vs. HV + NO.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 65 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

Figure 19: Comparison of PVRI after HV and iNO
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A comparison of pulmonary vascular
resistance index (PVRI) after hyperventilation
and nitric oxide. A line of unity is shown.

7.2.4.14. Conclusion

No significant differences were noted when comparing the combination of iNO and HV to HV
alone, so this study does not provide evidence that iNO adds significantly to the pulmonary
vasodilating effects of standard care with HV. Significant changes were observed in PVRI and
MPAP with both treatments, relative to baseline, but this does not constitute clear positive
evidence of a treatment effect because some improvement could be due to recovery from CPB.

The study does, however, suggest that HV has potentially adverse systemic effects that include
an increase in SVRI, whereas iNO had no significant systemic effects (the difference in SVRI was
not significant when comparing the two treatments).

In many post-surgical settings, an increase in SVRI could be detrimental, increasing the
afterload on the heart at the same time that the heart is coping with reperfusion injury. The
authors conclude that, based on this difference in systemic effects, rather than on differences in
pulmonary effects, iNO offers advantages over HV alone:

“In this study we demonstrated that iNO and alkalosis, induced by HV, are equally effective
in reducing PVR in children after open heart surgery but that the latter resulted in an
adverse effect on cardiac output and an increase in SVR mediated through a reduction in
PaCO; and an increase in pH that was independent of a change in intra thoracic pressure.”

“After repair of congenital heart disease, a reduction in cardiac output is seen that reaches
its nadir in the first 8 to 12 hrs after surgery (31), probably as a result of ischemia-
reperfusion injury to the myocardium. A reduction in cardiac output and an increase in
SVR during HV, therefore, are likely to be detrimental.”

“The selective action of iNO on the pulmonary circulation offers advantages over HV by
maintaining cardiac output without increasing afterload.”

These observations appear reasonable, but ultimately this was a negative study that only
provides weak support for the sponsor’s claim of efficacy. It is, at least, consistent with other
submitted studies that did achieve positive results. Several PD studies, for instance, showed that
iNO induces pulmonary vasodilation with significant reductions in MPAP and PVR, without
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accompanying changes in SVR. The pivotal study by Miller et al produced broadly similar
findings, with iNO producing reductions in PVR in comparison to placebo, but the study by
Miller et al was adequately powered and the haemodynamic changes were clearly significant.

7.3. Supportive studies in children

The following studies are considered supportive, rather than pivotal, because they used active
controls that are not themselves validated or registered for treatment of pulmonary
hypertension. In some cases, the studies were larger and had more robust methodology than
studies proposed as pivotal.

Table 25 lists all the paediatric efficacy studies in alphabetical order, including the “pivotal”
studies already considered. After Miller et al, the next largest study was that by Cai et al, 2008 (n
=46, 31 who received iNO, 15 who received milrinone alone); this study also involved
treatment for an appropriate duration (24 h) and could therefore be considered a major
supportive study. Unfortunately, the focus of Cai et al was not the efficacy of iNO, but rather the
utility of adding milrinone to iNO. It was also unblinded.

All of the other studies were quite small and used only brief treatment with iNO; individually,
they can only be considered weakly supportive of the proposed indication. On the other hand,
the overall consistency of the studies (along with similar supportive studies in adults) partially
compensates for their individual deficiencies.

Table 25: Study populations in submitted paediatric efficacy studies paediatric
population

(First Author Year) No. Mean Age or iNO Duration of | Type of cardiac surgery
iNO (ramge) iNO dose treatment
pts pts (ppm)
Cardiac surgery, Congenital Heart Disease (CHD), children |
(Cai et al., 2008)F 31 5.5ws 10 - 24 has +/-IV | CHD correction with PAH
20 milrinone
(Day et al., 2000)F 20 median 7 m (1 20 1 hr CHD correction with PAH
day to 20 yrs)
(Goldman et al.. 13 (3 daysto 12 20 10 mins CHD correction with PAH
1995y 1) (cross over)
(Kirbas et al.. 2012)F 8 i3m 20 72 hrs CHD correction with PAH
(Loukanov et al.. 7 5.8m 10 mean 3.9 CHD correction with PAH
2011y days
(Miller et al.. 2000)F 63 Median 3 m 10 up to 7 days | CHD correction with PAH
: (A-5m) : : S . .
(Morris et al.. 20000+ 12 (0.1tol17.7 5& 40 | 30 muns CHD correction with PAH
VIs) .
(Russell et al., 1998)+ 18 (1 mto 6.5 vrs) 80 20 mins CHD correction with PAH
(Stocker et al., 2003) | 15 130 days 20 20 mins +/- | CHD correction with PAH
IV
sildenafil

T Pivotal study: § Supportive study
7.3.1. Cai 2008
7.3.1.1.  Abstract

Background. Early morbidity and mortality after Fontan operations are related to the elevation
of post-operative pulmonary vascular resistance. Inhalation of nitric oxide (iNO) and
intravenous milrinone are two options capable of reducing pulmonary vascular resistance. We
hypothesized that their combined use could maximally stabilize the pulmonary circulation after
Fontan operation.
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Methods. Forty-six patients with high pulmonary vascular resistance (transpulmonary pressure
gradient > 10 mm Hg or central venous pressure > 15 mm Hg) and impaired oxygenation after
Fontan operation were prospectively randomized into three groups: group Mil (n = 15,
milrinone at 0.5pg kg-1 min-1), group iNO (n = 15, iNO at < 20 ppm), and group iNO+Mil (n = 16,
iNO+Mil). Pulmonary hemodynamic and oxygenation changes were compared among the three
groups.

Results. Inhalation of nitric oxide with milrinone led to (1) the most significant reduction of
pulmonary vascular resistance (transpulmonary pressure gradient from 11.26 + 1.4 0 mm Hg
[baseline] to 7.93 + 0.90 mm Hg [24 hour use] in group iNO+Mil versus from 11.10 + 1.38 to
8.69 £ 0.86 mm Hg; p = 0.048 in group iNO and from 11.17 # 1.41 mm Hg t0 9.72 + 1.32 mm Hg;
p < 0.001 in group Mil); (2) the most significant improvement of arterial blood oxygenation
(ratio of arterial oxygen partial pressure to inspired fraction of oxygen from 68.88 + 14.09 to
131.25 + 15.92 in group iNO+Mil versus from 70.07 + 14.24 to 120.20 + 15.92; p = 0.047 in
group iNO and from 72.60 + 12.92 to 95.20 + 13.49; p < 0.001 in group Mil). Time on mechanical
ventilation was shortest in group iNO+Mil (p = 0.043).

Conclusions. Combined use of iNO and milrinone optimally stabilized pulmonary
haemodynamics after Fontan operation.

7.3.1.2.  Study design, objectives, locations and dates

Cai et al used a randomised, open label, active controlled parallel group design to compare the
efficacy of iNO, milrinone, and the combination of both agents in the treatment of elevated
pulmonary vascular resistance after paediatric cardiac surgery (the Fontan procedures).

The study was a single hospital study performed in Shanghai Children’s Medical Center, in
Shanghai, China, prior to May 2008, when it was accepted for publication.

7.3.1.3. Inclusion and exclusion criteria

Subjects were eligible if they were paediatric patients, who underwent a modified fenestrated
Fontan operation and suffered a marked elevation of PVR:

e characterised by a transpulmonary pressure gradient (TPG, the difference between central
venous pressure [CVP] and left atrial pressure) > 10 mm Hg or CVP > 15 mm Hg

e with no other “explainable causes” (such as low cardiac output, arrhythmia, and atrial-
ventricular valve regurgitation)

e without response to conventional management (sedation, analgesia, and hyperventilation to
arterial carbon dioxide tension of about 40 mm Hg, and an arterial pH of approximately
7.40)

e with concomitant deterioration of arterial blood oxygen saturation (Sa0; < 85%) despite
increased inspiratory oxygen fraction.

Exclusion criteria included major complications, such as major organ dysfunction, pulmonary
infection, and conduit thrombosis. Subjects were also excluded from the final analysis if they
were randomised to milrinone but subsequently needed rescue iNO therapy because of
refractory elevations of PVR. This design feature potentially created withdrawal bias, removing
from the milrinone group the subjects that had the most severe and refractory PVR; this could
have biased the study against iNO.

8 The Fontan procedure is a palliative surgical procedure, used in children with congenital heart defects, that diverts
venous blood from the right atrium directly to the pulmonary arteries without passing through the right ventricle.
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7.3.1.4.  Study treatments
Nitric oxide

NO was stored as a mixture of iNO 800 ppm with nitrogen (Shanghai Jiliang Gas Reference Co
Ltd, Shanghai, China), and then added into the inspiratory circuit of the prototype Servo
ventilator 300 NO-A (Siemens, Germany). Inhalation of NO began at 10 ppm, with subsequent
adjustment aimed at achieving a > 20% improvement in TPG or > 10% Sa0; within 2 hours after
initiation, using the lowest possible iNO dose in the range 1 to 20 ppm to achieve these targets.

Peak nitrite and nitrate concentrations were continuously monitored, and methaemoglobin in
the blood was measured with a radiometer ABL 700 blood gas analyser (Copenhagen, Denmark)
at baseline and every 4 hours after onset of iNO treatment.

Weaning from iNO was attempted after24 hours; if the patient’s haemodynamics or Sa0,
deteriorated, the weaning attempt was postponed until their recovery.

Milrinone

Milrinone (LuAnn Pharmaceutical Inc, Shandong, China), was prepared from a vial of 5 mg/5 mL
and infused systemically at 0.5 pg kg-1 min-L. If there was no significant improvement in

TPG (> 10%) and Sa0; (> 5%) within 6 hours of commencing milrinone, rescue iNO was added
to therapeutic regimen and the patient was excluded from final statistical analysis. (As noted
above, this could bias the study in favour of milrinone and against iNO by excluding the most
difficult to treat subjects from the milrinone group). Weaning from milrinone was to be
performed after uneventful extubation when subjects had a consistently stable hemodynamic
condition.

NO+Milrinone
One group received both of the above treatments.
7.3.1.5.  Efficacy variables and outcomes

The “primary” efficacy variables were said to be pulmonary (TPG and CVP) and systemic
haemodynamics, and arterial blood oxygenation (including oxygenation index, define as the
ratio of arterial oxygen partial pressure to inspiratory oxygen fraction, and Sa0;). A single
primary efficacy endpoint was not identified, but the abstract and discussion implied that TPG
was the main measure of efficacy.

So called “secondary” efficacy variables (which actually ranked lower than several other
variables, so they could be considered tertiary) consisted of total time on mechanical ventilation
and amount of chest drainage, as well as time in ICU and time in hospital.

7.3.1.6.  Randomisation and blinding methods

Randomisation procedures were not described in detail, but consisted of “random number
allocation”. Subjects appeared to be randomised with equal likelihood to the three treatment
groups. The study was not blinded.

7.3.1.7.  Analysis populations

The authors did not formally define different analysis populations, but the final population for
analysis (n = 46) appeared to consist of all randomised subjects (n = 56) except:

e 1 patient in the iNO group, 2 patients in the Mil group, and 2 patients in the iNO+Mil group,
who were excluded because of major complications of surgery

¢ 3 milrinone recipients who needed rescue iNO added because of severe hypoxemia and
abnormally high TPG within 6 hours of the use of milrinone

e 1 patientin the Mil group and 1 in the iNO+Mil group were excluded because of severe
thrombocytopenia.
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Thus, the analysis was not a true intent to treat (ITT) analysis.
7.3.1.8.  Sample size

Sample size estimations were not discussed in the paper. Positive results were obtained,
suggesting that the study was adequately powered for most of its endpoints.

7.3.1.9. Statistical methods

The statistical methods were described as follows: “The data are expressed as the mean standard
deviation for continuous variables. Statistical analysis was performed using statistical software
(Statistica 6.0, Statsoft Inc, Tulsa, OK). Two-way analysis of variance for repeated measurements
[RM-ANOVA] was used to test null hypotheses regarding the effects of between-subject factor
(medication group), the within-subjects factor (time), and the interaction between them. If a
statistically significant interaction between group and time was found, subsequent comparison
among the groups at respective time points was performed by one-way analysis of variance
followed by Duncan’s multiple range test. Nominal variables were analysed by nonparametric test.
A difference was considered significant if the probability value was less than 0.05.”

The key points of this approach is that RM-ANOVA was used first, to establish that the
treatments were significantly unequal, and a one-way ANOVA was then used to compare groups
at individual time points. The overall statistical approach appeared appropriate, with the
important exception that the authors should have prospectively defined a single primary
endpoint.

7.3.1.10. Participant flow

See ‘Analysis populations’, above, for a summary of discontinued patients.
7.3.1.11. Major protocol violations/deviations

The paper did not discuss protocol violations.
7.3.1.12. Baseline data

The three treatment groups appeared to be reasonably well matched at baseline, in terms of
demographics and cardiac diagnoses, as shown in Table 26. There was also no significant
baseline difference in the main efficacy variables, TPG and CVP.

Table 26: Pre-operative and operative data of patients undergoing modified Fontan
procedure

Variable Milrinone (n = 15) iNO (n = 15) iNO + Milrinone (n = 16)  p Value
Demographic characteristics

Age (y) 58+21 55*26 57+28 0.97
Weight (kg) 19.1 =59 18.4 = 6.5 200 7.7 0.86
Sex (male/female) 817 69 9r7 0,63
Freoperative oxygen saturation (%) T72x54 80.5 =52 78BS * 46 0,229

Preoperative diagnosis

Tricuspid atresia 3/15 4115 1/16
Heterotaxy syndrome (asplenia or polysplenia) 5115 615 Ble6
Double-outlet right ventricle 315 415 4116
Pulmonary atresia with intact ventricular septum 4115 1115 36
Prior staging with Glenn 4115 6/15 a/16
Preoperative mPAP (mm Hg) 13.8 29 14.4 = 2.1 135+ 4.1 0.786
Operative feature
Lateral tunnel/extracardiac conduit 10/5 7i8 610
Cardiopulmonary bypass time (min) 143 = 69 138 = 44 134 £55 0.929
Aortic cross-clamp time (min) 67.9 £ 36.1 61.1 = 32.8 63.1 * 29.6 0.871
iNO inhalational nitric oxide; mPAP mean ]mlmun.ar\- arterial pressure.
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7.3.1.13. Results for the primary efficacy outcome (haemodynamic variables)

The main efficacy results of the paper were presented graphically, rather than with tables. Use
of iNO, either alone or in conjunction with milrinone, appeared to reduce pulmonary vascular
resistance, as reflected in the TPG and CVP, which decreased below 15 mm Hg and 10 mm Hg,
respectively, within 4 hours. Milrinone alone led to a smaller and later reduction in pulmonary
vascular resistance.

As shown in Figure 20, changes in TPG relative to baseline were significant in the iNO and
iNO+Mil groups at all major time points, but changes in the Mil group relative to baseline were
only significant from 12 hrs onwards.

From 4 hours to 24 hours, the difference in CVP and TPG between the Mil group and the other
two groups achieved statistical significance; strongly supporting the case that iNO produces
significant pulmonary vasodilation in this setting.

The difference in TPG between the iNO group and iNO+Mil group achieved statistical difference
at 24 hours, providing some evidence that milrinone has efficacy for this indication. The effect of
iNO+milrinone on CVP did not achieve significant superiority compared to iNO alone.

Figure 20: Transpulmonary gradient (mm Hg)
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Legend for original 3-part figure (Figure 20 to Figure 22)
Absolute change of anspulmonary pressure gradient (A) and cen-

tral venous pressure (B) and percent change of systolic arterial blood pres-
sure (C) after the use of intravenous milrinone (0.5 ug - A'g_? ~min”?,
group Mil), inhalational nitric oxide (<20 ppm, group iNO), or both
{group INO + Mil). Data are expressed as mean x standard deviation.
Significant inferactions existed berween group and time in every vari-
able (p < 0.001 for transpulmonary pressure gradient, p = 0,021 for
central venous pressure and 0.008 for systolic arterial blood pressure;
two-way analysis of variance for repeated measurements). Subsequent
comparison was carried out with Duncan’s multiple range test. Baseline
is before administration of milrinone, inhalation of nitric oxide, or both,
4 I is 4 hours after medication, 12 h is 12 hours after medication, 24 h
is 24 ours after medication. *p < 0.05; **p < 0.01 as compared with
group Mil at respective time points. #p < 0.05 as compared with group
iNO at respective time points. tp < 0.05; ttp < 0.01 as compared with
respective baseline value in each group.
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Figure 21: Central venous pressure (mm Hg)
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The effects of the three treatments on system arterial blood pressure are shown in Figure 22
(Part C of the authors’ original figure). Systolic systemic arterial blood pressure (SSAP)
increased with all three treatments, consistent with improved cardiac function, but the maximal
increase was seen with combination therapy. Importantly, iNO did not cause a decrease in SSAP
relative to baseline or to the milrinone control group.

Figure 22: Systolic blood pressure (mm Hg)

&
100
2
3
w
6
5 a0 -‘
” —
8 |
5=
] 80 -
£
[}
2
°
g 70 |
» « «0 « Milrinone
— A= INO
—fF iNO + Milrinone

60 -+ + : + : .

Time Baseline 4h 12 h 24h

7.3.1.14. Results for other efficacy outcomes

The authors also assessed the effects of the three treatments on oxygenation, as shown in the
two part figure (Figure 23). All three treatments were associated with an improvement in the
ratio of Pa0;/Fi0O;, as well as an improvement in oxygen saturation. The greatest improvements
were seen with combination therapy. Relative to milrinone alone, both iNO-containing regimens
were significantly superior at all time points post-baseline.
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Figure 23: Changes in oxygenation index and arterial blood oxygen saturation
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Change of oxygenation index (PaOy/FiQ, A) and arterial
blood oxygen saturation (B} after the use of intravenous milrinone
0.5 pg - kg~ VeominT, group Mil), inhalational nitric oxide (<20
ppm, group iNG), or both (group iNO + Mil). Data arc expressed
as mean = standard deviation. Significant interactions existed be-
tween group and Hme in each variable (p < 0.001 in both variables;
two-way analysis of variance for repeated measurements). Subse-
quent comparison was carried out with Duncan's multiple range
test. Baseline is ﬂu_',rhn' administration |1_r' milrinone, inhalation ::_f
nitric oxide, or both, 4 h is 4 hours after medication, 12 I is 12
hours after medication, 24 h is 24 hours after medication. *p < 0.05;
Pp < 0.01 as compared with group Mil at respective time points.
#p < (.05 as compared with group iINO at respective time points.
tp < 0.05; Hp < 0.01 as compared with respective baseline value
in each group,

The other secondary endpoints considered by the authors were chest drainage, time in ICU and
time in hospital, but none of these showed significant differences between the groups (see Table

27).

Table 27: Other secondary outcomes

Group
Variable iNO Mil

Group

Group iNO  p

Chest drainage
(mL)

Time in ICU (days) 153 £ 95

Time in hospital

(days)

282 246 227 £ 95

13.7 £ 123
247 £10.1 20.1 £ 14.2 18.6 £ 9.7

ICU = intensive care unit;
Mil = inhalational nitric oxide and milrinone;

7.3.1.15. Conclusion

iNO = inhalational nitric oxide;
Mil = milrinone.

+ Mil Value
191 £120 0.316
115+ 10.8 0.619

0.321
iNO +

This study demonstrated significant superiority of iNO (starting dose 10 ppm, range

1 to 20 ppm) compared to milrinone for major haemodynamic endpoints including the study’s
main measure of pulmonary vascular resistance, transpulmonary gradient (TPG). TPG was
significantly lowered by both agents relative to baseline, but it was reduced earlier and to a
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greater extent with iNO than with milrinone. The superiority of iNO, relative to milrinone, was
apparent at 4 hours and persisted to 24 hours. Pulmonary vasodilation with iNO was not
accompanied by systemic hypotension, and systemic arterial pressures were significantly
higher with combinations involving iNO than with milrinone alone.

The study also demonstrated that the combination of iNO+milrinone was more effective than
milrinone alone, causing significantly greater reductions in TPG. Significant benefits were also
observed for iNO in terms of oxygenation.

If it can be assumed that milrinone, at the doses employed in this study, is superior or at least
equivalent to placebo in its effect on TPG, the superiority of iNO compared to milrinone strongly
implies superiority of iNO relative to placebo. Superiority of milrinone relative to placebo seems
likely given that milrinone is widely recognised as a vasodilator, its use in this study was
associated with a significant fall in TPG relative to baseline, and the addition of milrinone to iNO
produced even greater falls in TPG than seen with iNO alone. Thus, while not qualifying as a
pivotal study because it lacked an officially approved control agent, this study nonetheless
provides strong support for the sponsor’s efficacy claims.

Even if milrinone is not accepted as a suitable control agent, the three-group design of this study
allows an estimate of the relative efficacy of iNO compared to no additional treatment. If the
iNO-only treatment group is put aside, the remaining two groups consist of subjects that all
received milrinone, but who were randomised to be treated with or without iNO. The
superiority of the iNO+Mil group relative to the Mil group was statistically significant for all
major endpoints, including TPG, CVP, systemic arterial pressure, Pa0O,/FiO; ratio, and oxygen
saturation. This superiority was demonstrated in paediatric subjects undergoing cardiac
surgery, at iNO doses matching those recommended in the proposed PI, and thus the study has
strong applicability to the proposed indication.

7.3.2. Goldman 1995
7.3.2.1.  Abstract
Nitric Oxide Is Superior to Prostacyclin for Pulmonary Hypertension after Cardiac Operations

Background. Severe pulmonary hypertension is still a cause of morbidity and mortality in
children after cardiac operations. The objective of this study was to compare the vasodilator
properties of inhaled nitric oxide, a novel pulmonary vasodilator, and intravenous prostacyclin
in the treatment of severe postoperative pulmonary hypertension.

Methods. Thirteen children (aged 3 days to 12 months) with severe pulmonary hypertension
after cardiac operations were given inhaled nitric oxide (20 ppm x 10 minutes) and intravenous
prostacyclin (20 ng-kg-1 min-! x 10 minutes) in a prospective, randomized cross over study.

Results. Both nitric oxide and prostacyclin resulted in a reduction in pulmonary arterial
pressure, although lht mean pulmonary arterial pressure was significantly lower during nitric
oxide therapy (28.5 + 2.9 mm Hg) than during prostacyclin therapy (35.4 + 2.1 mm Hg;

p < 0.05). The mean pulmonary to systemic arterial pressrun ratio was also significantly lower
during nitric oxide than prostacylin administration (0.46 + 0.04 versus 0.68 * 0.05; p < 0.01),
due mainly to only prostacyclin lowering systemic blood pressure.

Conclusions. Inhaled nitric oxide was a more effective and selective pulmonary vasodilator than
prostacyclin and should be considered as the preferred treatment for severe postoperative
pulmonary hypertension.

7.3.2.2.  Study design, objectives, locations and dates

Goldman et al used a randomised, open label crossover design to compare the efficacy and
pulmonary selectivity of iNO versus intravenous prostacyclin in 13 children with pulmonary
hypertension after cardiac surgery, using haemodynamic endpoints and a short duration of
therapy (10 minutes iNO, 5 minutes of full dose prostacyclin, and 10 minutes of combination
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therapy). The sequence of the two agents was randomised, with combination therapy employed
between each period of monotherapy. The short duration of treatment, the crossover design,
and the use of haemodynamic endpoints means that this study has more in common with PD
studies than with typical Phase IlI efficacy studies.

7.3.2.3. Inclusion and exclusion criteria

Subjects were eligible if they were children who exhibited severe pulmonary hypertension after
cardiac surgery, and they were recruited at the time that the treating clinician requested
intravenous prostacyclin.

Severe pulmonary hypertension was defined either as pulmonary artery pressure (PAP) greater
than two thirds the systemic arterial pressure (SAP) or pulmonary hypertension severe enough
to cause cardiopulmonary compromise as reflected by either hypoxia, hypotension, or one or
more pulmonary hypertensive crises.

7.3.2.4.  Study treatments
Subjects were randomised to prostacyclin first (n = 8) or iNO first (n = 5).
Prostacyclin

The prostacyclin regimen required a titrated, step wise introduction of prostacyclin to limit
systemic hypotension and other side effects, starting at 5 ng per kg per minute and increasing in
steps of 5 ng per kg per minute every 5 minutes, aiming for a target dose of 20 ng per kg per
minute, which was then administered for 5 minutes. This titration was performed at the start of
the prostacyclin phase in the prostacyclin-first group, and at the start of the combination phase
in the iNO first group, as illustrated below (Figure 24).

Inhaled NO

The iNO regimen used NO stored at 1000 ppm and subsequently diluted in nitrogen to 20 ppm,
which was introduced into the inspiratory circuit of a paediatric ventilator. Monitoring for NO,
and methaemoglobinaemia was performed during iNO treatment. iNO monotherapy continued
for ten minutes.

Figure 24: Treatment regimen

Intravenous Prostacyciin 18t (n=8)

20

Prostacyclin PC % iNo

(rg/kg/min) 1?:3 I_J_J-_P‘C lﬁg INO (ppm)
! i

Inhaled nitric oxide 1st (n=5)

Prostacydlin ® ino

v © [ o Molze |pe ipom)

| —? ) 3 :

—— ﬂr : 0 - zb 36 43
Time (minutes)

The Study protocol consisted of 3 phases: in phase 1, patients were randomly assigned to either inhaled nitric
oxide (iNO) or intravenous prostacyclin C (PC). In phase 2, both INO and PC were administered simultaneously.
In Phase 3, the alternate agent was administered alone. Arrows indicate times when measurements were
recorded.
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The protocol specified that, after open label treatment with both agents, the clinician caring for
the patient should select what appeared to be the most effective agent for that patient (iNO or
prostacyclin) and continue therapy with that agent for at least 24 hours, or as long as was
clinically indicated to control pulmonary hypertension. In practice, this led to the selection of
continued iNO in every case. The chosen treatment was weaned slowly, after the patient had
shown haemodynamic stability for at least 24 hours.

Other treatments consisted of standard post-operative care, and were not altered during the
course of the study. Muscle paralysis and deep sedation were continued during the crossover
period and for the post-study period in which iNO therapy was continued for at least 24 hours.

7.3.2.5.  Efficacy variables and outcomes

The main efficacy variables were pulmonary arterial pressure (PAP, or MPAP), systemic arterial
pressure (SAP), the PAP/SAP ratio, and Pa0». None of these variables was specified as the
primary efficacy measure, but PAP and SAP appeared to be the main variables of interest.

7.3.2.6.  Randomisation and blinding methods

Subjects were randomised with equal probability to iNO first or prostacyclin first. The
randomisation method was not stated. Treatment was unblinded.

7.3.2.7.  Analysis populations

Thirteen eligible subjects were identified during the study period, and all of them received both
agents and were analysed.

7.3.2.8.  Sample size

No sample size estimations were discussed, and the size of the study appeared to have been
determined on grounds of logistical feasibility, but significance was achieved for between group
differences in MAP and SAP, so the study had adequate statistical power.

7.3.2.9. Statistical methods

The authors only described their statistical methods very briefly, as follows: “Data are presented
as means # standard errors. The paired Student’s t test was used to compare the hemodynamic and
arterial oxygen tension (Pa0Z2) differences between iNO therapy and intravenous prostacyclin
therapy, as well as between iNO alone and iNO and prostacyclin administered simultaneously. A p
value less than 0.05 was taken as significant. To avoid using multiple t tests, mean and 95%
confidence intervals (CI) were used to summarize changes between baseline and iNO, and baseline
and prostacyclin.”

The authors do not appear to have performed any correction for the use of multiple
comparisons, but this is of only minor concern given that both of the major haemodynamic
variables, MAP and SAP, showed significant results. (The results would have remained
significant with a hierarchical testing procedure, for instance, regardless of which of the two
variables was considered primary).

7.3.2.10. Participant flow

All randomised subjects were treated with both agents and were available for analysis.
7.3.2.11. Major protocol violations/deviations

Protocol deviations were not discussed.
7.3.2.12. Baseline data

Basic baseline characteristics are shown in Table 28. The13 patients appear reasonably typical
of the population intended to be treated for the proposed indication.
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Table 28: Patient characteristics and outcomes

patient No. Age Diagnosls Medication Outcome

] 2 mo VSD Dop, Narepi, Enox Survived
3 days TAPVD Dop, NTG Survived
3mo AVSD, Down syndrome Dop, NTG, Enox Survived
2 mo TAPVD Dop, Dob, NTG Survived
5 mo AVSD, hypoplastic LV, AVV Dob, EplL. Enox Died
9 mo AVSD, Down syndrome Dop, NTG Died
7 mo AVSD Dop. Epi, NTG Survived
1 mo TAPVD NTG Died

12 mo Miltral stenosis Dob, Epi, Norepil, Enox . ‘Died
3 days TAPVD Dob Survived
4o AVSD, Down syndrome Lsop, Enax Survived
9 mo V5D Enox, NTG, Dop Survived
n 10 mo AVSD, Down syndrome Dop, Epi, NTG, Enox Survived

AVSD = atrioventricular septal defecl;  AVV = atrioventricular valve;  Dob = dabutamine: Dop = dopamine;, ' Enox = enoximon Epi
- epincphrine Iso = isoprenaline; LV = left ventricle: Norepl = norepinephrine; NTG = mi-rusp;;mtorln TAPVD = total a:omﬂu&
pulmonary venous drainage;,  VSD = veniricular septal defect.

7.3.2.13. Results

The paper did not tabulate its results, and the figures provided in the scanned version of this
paper were not sufficiently legible for reproduction.

Both drugs were effective in lowering MPAP from baseline: iNO reduced MPAP by 33% (95%ClI,
-24% to -51%), and prostacyclin by 16% (95%(Cl, -4% to -38%). The reduction in MPAP with
iNO was significantly better than that observed with prostacyclin (p < 0.01). Prostacyclin
produced a systemic vasodilatory/hypotensive response, dropping SAP significantly (95%CI, -4
to -10 mm Hg), whereas iNO did not produce a significant change in SAP (95%CI, -2 to +7 mm
Hg). Primarily reflecting this difference, the mean PAP/SAP ratio was significantly lower with
iNO compared with prostacyclin (0.46 * 0.04 versus 0.68 + 0.05; p < 0.01).

Results for oxygenation were better during iNO treatment, when there was a significant
increase relative to baseline (increase in mean Pa0O; 70%, 95%CI 39 to 101%). There was no
significant increase during prostacyclin treatment (percent change not provided).

7.3.2.14. Conclusion

This small (n = 13), brief, unblinded crossover study showed that iNO 20 ppm was significantly
superior to intravenous prostacyclin 20 ng per kg per minute in the short term (10 minute)
treatment of severe pulmonary hypertension in paediatric subjects after cardiac surgery. MPAP
was reduced by 33% during iNO treatment (95%ClI, -24% to -51%), compared to a reduction of
16% during prostacyclin treatment (95%Cl, -4% to -38%; p < 0.01 for the between treatment
difference). At the doses used in this study, prostacyclin produced a systemic
vasodilatory/hypotensive response, whereas iNO did not produce a significant change in
systemic blood pressure. In every case, unblinded physicians preferred iNO and continued this
treatment after the crossover period was complete.

The study had a design that was more consistent with a PD study than an efficacy study, but it
showed a clear vasodilatory effect of iNO at doses typical of those proposed in the draft PI, and
demonstrated this effect in the target population of paediatric cardiac surgery patients, so it
provides clear support for the sponsor’s efficacy claims.

7.3.3. Kirbas 2012
7.3.3.1. Abstract

Comparison of inhaled nitric oxide and aerosolized iloprost in pulmonary hypertension in
children with congenital heart surgery.
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Background: Pulmonary arterial hypertension is of importance in congenital cardiac surgery as
being a significant cause of morbidity and mortality. Although therapy options are limited,
inhaled nitric oxide (NO) is used as a standard therapy. The present study aimed to compare
inhaled NO and aerosolized iloprost in children with secondary pulmonary hypertension who
underwent congenital cardiac surgery.

Methods: Sixteen children included in the study were randomized into either inhaled NO or
aerosolized iloprost group. For both groups, the observation period terminated at 72 h after
cardiopulmonary bypass.

Results: There was no significant difference between the groups in terms of mean age, weight,
cross clamp time, pump time, and extubation time. No significant change was observed in the
arterial tension and central venous pressure of both groups before the operation, 30 min after
the pump, 45 min after the pump, and after extubation, whereas an increase was observed in
the heart rate and cardiac output, and a decrease was observed in the pulmonary artery
pressure. The mean values at the above-mentioned time points showed no difference between
the groups. No serious adverse event and mortality was detected.

Conclusions: Both inhaled NO and aerosolized iloprost were found to be effective and
comparable in the management of pulmonary hypertension.

7.3.3.2.  Study design, objectives, locations and dates

Kirbas et al used an open label, randomised, active controlled study to assess the efficacy of
inhaled iloprost with iNO in the treatment of pulmonary hypertension in children undergoing
congenital heart surgery. The main objective of the study was to assess aerosolised iloprost in
relation to iNO, which was considered standard therapy.

The study was performed in Medicana Camlica Hospital, Istanbul, Turkey, with patients enrolled
between September 2009 and November 2011, in the lead-up to publication in 2012.

7.3.3.3. Inclusion and exclusion criteria

Subjects were eligible if they were children with severe primary pulmonary arterial
hypertension, defined as pulmonary arterial/aortic pressure ratio greater than 0.7, who were
undergoing cardiac surgery for congenital cardiac defects.

If subjects were older than 24 months, or they had echocardiographic and clinical findings
suggestive of fixed pulmonary hypertension, they underwent pre-operative catheterisation and
assessment of pulmonary vascular reactivity testing.

7.3.3.4.  Study treatments

Subjects were randomised to aerosolised iloprost or iNO, which were administered immediately
after CPB and before heparin reversal.

Aerosolised iloprost, (Ilomedin, Schering AG, Schlieren, Switzerland) was administered at a dose
of 0.5 pg/kg every 90 min for a minimum of 72 h using an ultrasound nebulizer connected to the
distal inspiratory part of the respiratory circuit.

Inhaled nitric oxide was administered at a dose of 20 ppm using a commercially available
system and delivered into the inspiratory limb of the ventilator with standard monitoring in
place for NO by-products. Inhaled NO was administered for at least 72 h after cardiopulmonary
bypass if weaning was not possible but it was potentially ceased earlier if the patient was
suitable for extubation.

Nitric oxide or iloprost was then continued on an individual basis as clinically required.

In addition to randomised treatment, subjects received standard operative and perioperative
management, including moderate hypothermia (at 24 to 26°C), and antegrade extracellular
cardioplegia. Patients were normo-ventilated by pressure controlled ventilation during weaning
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from CPB, and transferred to ICU. Patients were ventilated with 100% oxygen for 30 min and
FiO; was then reduced according to individual arterial pO values. End-tidal CO, was kept at
35 to 40 mm Hg and positive end expiratory pressure was kept at 5 cm H;0.

7.3.3.5.  Efficacy variables and outcomes
The following efficacy variables were monitored or calculated:
e pulmonary arterial pressure (MPAP, referred to as PAP throughout the paper)
e systemic arterial pressure (SAP)
e PAP/SAP ratio
e right atrial pressures
e cardiac output (CO)
e heartrate (HR)
e transcutaneous arterial oxygen saturation

e arterial blood gas sampling (partial pressure of oxygen, partial pressure of carbon dioxide,
pH, base excess, and oxygen saturation).

The authors specified two major endpoints:

1. cumulated mean pulmonary arterial pressure and pulmonary artery pressure to systemic
artery pressure ratio, as measured with arterial lines during the observation period

2. duration of mechanical ventilation (in hours) until weaning from the respirator.

They did not specify which component of the number 1 endpoint was considered primary (PAP
or PAP/SAP ratio).

7.3.3.6.  Randomisation and blinding methods

Subjects were randomised with equal probability to aerosolized iloprost or iNO by an
independent monitor using a computer based scheme.

7.3.3.7.  Analysis populations

The authors did not define specific analysis populations, but it appears that all patients were
analysed.

7.3.3.8.  Sample size

Sample size and power considerations were not discussed, which represents a major limitation
of the study. The authors found no difference between the new therapy, aerosolised iloprost,
and what they considered to be an accepted active control, iNO, but it is not possible to draw
any inferences about the lack of a statistical difference, as discussed below.

7.3.3.9. Statistical methods

The authors described their statistical methods as follows: “Statistical calculations were
performed using the Number Cruncher Statistical System 2007 Statistical Software program for
Windows (NCSS Statistical Systems, Kaysville, Utah, USA). Standard descriptive statistics were
performed and expressed as mean and standard deviation. Groups were compared using the Mann-
Whitney U test. In each treatment group repeated measures of Friedman test was used to
determine the differences in measurement at each time point. When p less than 0.05, Dunn’s
multiple comparisons tests were used for pairwise comparisons. A p value less than 0.05 was
considered statistically significant.”

These statistical tools appear appropriate for demonstrating superiority of one or other agent,
but do not amount to a rigorous test for equivalence or non-inferiority of either agent. The study
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was ultimately negative for its endpoints (see below), and the statistical approach taken does
not allow this negative result to be placed into any meaningful context. The lack of any power
calculations and failure to report 95% Cls prevents the drawing of any strong inferences from
the lack of statistical difference between the two treatment groups, because the lack of
difference could merely reflect inadequate statistical power.

On the other hand, visual inspection of the results (figures below) suggests that the two
treatments were quite similar, and any differences in efficacy between the two studies would be
hard to detect without a much larger study.

7.3.3.10. Participant flow
All sixteen subjects were treated and analysed.
7.3.3.11. Major protocol violations/deviations
Protocol deviations were not discussed.
7.3.3.12. Baseline data

The basic patient characteristics including underlying cardiac diagnosis are listed in Table 29.
No significant differences were found between the groups for a range of baseline
haemodynamic parameters, as shown in the pre-operative values of the results table (Table 30).

Table 29: Patient characteristics and extubation times

Diagnosis Age Weight Cross clamp Pump Extubation
[menth] Ikal time time timie

Nitric oxide group 3363 = 3327 1025 =55 7338 = 65,80 99.26 = .23 488 = 5.14
Ventricular septal defect. pulmanary hypertension B4 21 24 50 1
Ventricular septal defect, pulmonary hypertension 72 156 a2 40 1
Atrigventricular canal defect 1 -] 50 60 2
Total anomalous pulmonary venous return, ventricular 18 8 20 127 10
septal defect, atrioventricular septal defect
Atrioventricular septal defect [ 8 67 75 L]
Atrioventricular septal defect 60 12 60 87 2
Ventricular septal defect. pulmonary hypertension 24 8 62 83 F
Truncus arteriosus 4 -] 202 262 15

lloprost group 385 = 2567 116 = 841 50.256 = 11.65 7338 = 40.76 3.38 = 4.3
Ventricular septal defect. pulmanary hypertension 72 16 50 80 1
Ventricular septal defect, pulmonary hypertension 24 10 36 52 2
Atrioventricular septal defect 24 8 48 55 2
Ventricular septal defect, atrial septal defect, total 18 8 40 64 2
anomalous pulmonary venous refurn
Atrioventricular septal dafect 4 3 10 1m 4
Atrioventricular septal defect 60 30 62 68 2
Ventricular septal defect. pulmonary hypariension 36 12 4 50 2
Truncus arteriosus 70 -] 55 65 F

P 0.597 0.790 0.400 0.400 0.728

Dhsts avw provantad s masn & standsd deston of rmbar, Whss BOOTOonES

7.3.3.13. Results for the primary efficacy outcome

Both the iNO and iloprost groups showed a decrease in the pulmonary arterial pressure and
ratio of pulmonary artery pressure to systemic artery pressure values, as shown in the figure
and table below. The authors interpreted this as a therapeutic response to treatment, which
seems plausible, but the study design does not strictly allow such an inference because no
placebo group was used and some improvements in haemodynamics could have been due to
recovery from surgery. As shown in the table, no significant between group differences were
observed at any time point. Visual inspection of the figures for PAP and MAP/SAP ratio suggests
that variation within each group was much greater than differences between the groups.

Pulmonary selectivity appears to be present for both agents as reflected in the falling PAP/SAP

ratio.
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Figure 25: Changes in PAP and PAP/SAP through to extubation
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Changes in pulmonary artery pressure and pulmonary artery pressure to systemic artery pressure values in
the inhaled nitric oxide (NO) and aerosolized iloprost groups; (Preop — preoperative value; AP30 — 30 min after
discontinuation of cardiopulmonary bypass; AP45 — 45 min after discontinuation of cardiopulmonary bypass; AEx —

after extubation; ILO — ilomedin; PAP — pulmonary artery pressure; SAP — systemic arterial pressure.

Table 30: Mean values of efficacy variables

Nitric oxide group lloprost group P
Arterial tension
Preoperative 54.13 £9.27 62.25 + 17.58 0.318
30 min after the pump 60.63 + 9.09 53.25 + 8.17 0.092
45 min after the pump 59.50 + 4.78 61.38 = 12.04 0.598
After extubation 69.00 + 17.24 73.75 + 9.50 0.878
Central venous pressure
Preoperative 9.25 + 225 11.00 = 1.51 0.079
30 min after the pump 11.00 = 3.30 11.256 £ 2.92 0.205
45 min after the pump 9.75 + 3.01 9.25 + 3.37 0.789
After extubation 838+ 283 B8.75 + 3.45 0.874
Heart rate
Preoperative 111.75 + 14.96 110.88 + 14.96 0.999
30 min after the pump 123.63 £ 29.73 12450 = 21.21 0.563
45 min after the pump 122.75 + 15.15 119.63 + 12.14 0.563
After extubation 132.00 + 19.82 139.13 = 15.91 0.563
Cardiac output
Preoperative 250 +0.34 2.86 = 0.60 0.248
30 min after the pump 3.21 £ 0.60 3.17 £+ 0.54 0.172
45 min after the pump 3.54 £ 0.82 3.39 £ 0.54 0.227
After extubation 3.48 = 0.64 331 +0.72 0.528
Pulmonary arterial pressure
Preoperative 45.75 + 14.66 47.00 + 9.52 0.713
30 min after the pump 42.25 + 11.37 37.38 £ 4.10 0.494
45 min after the pump Iy 31.13 £ 5.03 34.75 = 4.95 0.064
After extubation 32.50 £ 6.19 36.75 £ 6.27 0.222
Ratio of pulmonary artery pressure to systemic artery pressure
Preoperative 0.82 +£0.16 0.82 +0.14 0.832
30 min after the pump 0.70 £ 0.19 0.71 £0.10 0.599
45 min after the pump 0.52 + 0.06 0.57 + 0.05 0.084
After extubation 0.49 £ 0.13 0.47 £ 0.05 0.636
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7.3.3.14. Results for other efficacy outcomes

No significant changes were produced for other haemodynamic endpoints or for “arterial
tension”, by which the authors appear to be referring to arterial oxygen tension. No differences
were observed between the groups.

Figure 26: Changes in arterial oxygen tension (TA) and CVP
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Changes in arterial tension and central venous pressure values in the inhaled nitric oxide (NO) and
aerosolized iloprost groups; Preop — preoperative value; AP30 — 30 min after discontinuation of cardiopulmonary
bypass; AP45 — 45 min after discontinuation of cardiopulmonary bypass; AEx — after extubation; ILO — ilomedin;
TA — tension arterial; CVP — central venous pressure.

Figure 27: Changes in heart rate (HR) and cardiac output (CO)
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Changes in heart rate and cardiac output values in the inhaled nitric oxide (NO) and aerosolized iloprost
groups; Preop — preoperative value; AP30 — 30 min after discontinuation of cardiopulmonary bypass; AP45 —
45 min after discontinuation of cardiopulmonary bypass; AEx — after extubation; ILO — ilomedin; HR — heart rate;
CO — cardiac output.

7.3.3.15. Conclusion

This small study (n = 16) compared the efficacy of iNO and aerosolised iloprost in the treatment
of pulmonary hypertension in paediatric cardiac surgery patients, and found no difference. The
results suggest that the efficacy of iNO and aerosolised iloprost are similar in their ability to
lower MPAP without lowering systemic blood pressure. The study fails to demonstrate formal
equivalence or non-inferiority of either drug, because it did not consider statistical power. It
also fails to confirm conclusively that either drug has substantial efficacy, because it lacked a
placebo group. The findings are consistent with the sponsor’s claims of efficacy in this setting,
because favourable reductions in PAP and in PAP/SAP ratio were observed, but this does not
add much to the submission because such changes could have been due to spontaneous
recovery post-CPB.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 82 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

If it is already accepted that iNO has efficacy in this setting, as the authors proposed, then this
study provides support for further exploration of the efficacy of iloprost, which the authors
considered to be less established as a treatment for pulmonary hypertension than iNO. If it is
not yet accepted that iNO has efficacy in this setting, this study does not provide strong support
for the claim that iNO is effective, because it was not superior to iloprost and it could be the case
that both agents are similarly ineffective rather than similarly effective.

7.3.4. Loukanov 2011
7.3.4.1. Abstract

Comparison of inhaled nitric oxide with aerosolized iloprost for treatment of pulmonary
hypertension in children after cardiopulmonary bypass surgery.

Objectives: Pilot study to compare the effect of inhaled nitric oxide (iNO) and aerosolized
iloprost in preventing perioperative pulmonary hypertensive crises (PHTCs). Background
Guidelines recommend the use of iNO to treat PHTCs, but treatment with iNO is not an ideal
vasodilator. Aerosolized iloprost may be a possible alternative to iNO in this setting.

Methods: Investigator-initiated, open label, randomized clinical trial in 15 infants (age range 77
to 257 days) with left-to-right shunt (11 out of 15 with additional trisomy 21), and pulmonary
hypertension (that is, mean pulmonary artery pressure [PAP] > 25 mm Hg) after weaning from
cardiopulmonary bypass. Patients were randomized to treatment with iNO at 10 ppm or
aerosolized iloprost at 0.5 pg/kg (every 2 h). The observation period was 72 h after weaning
from cardiopulmonary bypass. The primary endpoint was the occurrence of PHTCs; the
secondary endpoints were mean PAP, duration of mechanical ventilation, safety of
administration, and in-hospital mortality.

Results: Seven patients received iNO and eight patients received iloprost. During the
observation period, 13 of the 15 patients had at least one major or minor PHTC. There was no
difference between the groups with regard to the frequency of PHTCs, mean PAP and duration
of mechanical ventilation (p > 0.05).

Conclusions: In this pilot study, aerosolized iloprost had a favourable safety profile. Larger trials
are needed to compare its efficacy to iNO for the treatment of perioperative pulmonary
hypertension. However, neither treatment alone abolished the occurrence of PHTCs.

7.3.4.2.  Study design, objectives, locations and dates

Loukanov et al used a randomised, active controlled, open label design to compare the efficacy
of iNO and aerosolised iloprost in the prevention of pulmonary hypertensive crises (PHTCs)
after corrective cardiac surgery for congenital heart disease in infants.

The study was a small pilot study (n = 15) performed in Heidelberg, Germany, in 2010.
7.3.4.3.  Inclusion and exclusion criteria

Subjects were eligible if they were infants undergoing cardiac surgery and CPB for congenital
heart disease, and their MPAP was > 25 mm Hg immediately after weaning from CPB.

Subjects were excluded if they had:

e atrial septal defect

e cyanotic congenital heart disease

e univentricular atrioventricular connection

e valvular or subvalvular pulmonary or aortic stenosis
e emergency cardiac surgery

e systemic arterial hypertension
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e renal failure
e diabetes mellitus
e disorders of blood coagulation and haemostasis
e extracorporeal membrane oxygenation before cardiac surgery
e treatment with epoprostenol.
7.3.4.4.  Study treatments

Subjects were randomised to iNO or aerosolised iloprost. Treatment commenced in the
operating theatre after weaning from CPB.

[loprost (Ventavis, Bayer Vital, Germany) was administered at 0.5 pg/kg every 2 h for a
minimum of 72 h using an ultrasound nebulizer (Nebutec).

Nitric oxide was administered at 10 ppm into the input limb of the ventilatory circuit using a
commercially available delivery system, with standard monitoring for iNO by-products.

[loprost was continued through the observation period of 72 h after termination of CPB. In the
iNO group, iNO was also given for at least 72 h after termination of CPB if weaning was not
possible but it was potentially ceased earlier if the patient was suitable for extubation. After 72
hours, treatment with iNO and iloprost was continued on an individual basis as clinically
required.

The protocol specified a cautious weaning process for iNO, which was reduced gradually (20%
reduction per h) with the aim of ending iNO within 4 h. In patients who showed signs of PHTC,
the iNO was continued for another 24 h before trying again to wean from iNO.

In addition to standard perioperative care, and randomised study treatment, subjects also
received rescue therapy for PHTC if needed, described by the authors as follows: “Patients with
PHTCs refractory to the trial treatment were treated with the combination of: fentanyl IV

(0.005 mg/kg), intensified hyperventilation and hyperoxia (pH > 7.5; PaO; > 20 kPa). Patients with
PHTCs refractory to this intensified treatment were treated as follows: patients on iNO received
aerosolized iloprost (0.5 ug/kg/10 min) and patients on iloprost were given iNO at 20 ppm.” This
was an important ethical component of the study but could have blunted the study’s ability to
show a difference in efficacy between the two treatments.

7.3.4.5.  Efficacy variables and outcomes

The primary endpoint was the occurrence of PHTCs during the 72 h observation period. PHTCs
were defined according to Miller et al, 2000, as previously discussed in this evaluation report.

A major PHTC was defined as an episode with a rise in the ratio of pulmonary to systemic blood
pressure (Pp/Ps) to > 0.75, plus either a > 20% decline of systemic blood pressure or a decline
of oxygen saturation to < 90% as measured by transcutaneous pulse oxymetry. A minor PHTC
was an episode with a rise in Pp/Ps to > 0.75, but no concomitant decline in systemic blood
pressure or oxygen saturation. No formal endpoint was based on this distinction between major
and minor PHTCs.

Secondary endpoints were listed as:
e the cumulated mean PAP and Pp/Ps
e the duration of mechanical ventilation

e thein-hospital mortality (until discharge from hospital).
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7.3.4.6.  Randomisation and blinding methods

Subjects were randomised with equal probability to either iNO or aerosolized iloprost, by an
independent monitor using a computer based scheme. Treatment was open label, with no
blinding.

7.3.4.7.  Analysis populations

The paper did not describe analysis populations and it appears that all eligible randomised
patients were available for analysis.

7.3.4.8.  Sample size

This was a small pilot study with no attempt to recruit an adequate cohort based on power
considerations.

7.3.4.9. Statistical methods

As in most of the published studies, the description of the statistical approach was very brief:
“Data are expressed as mean * SD. The Fisher’s exact test was used to analyse the difference in
occurrence of minor or major PHTCs between the two treatment groups. Pre and post-operative
haemodynamics and clinical data were compared using the Student’s t test. Significant results
were determined by p < 0.05.”

For the primary analysis of the main PHTC endpoint, Fisher’s exact test was used. Secondary
endpoints were assessed with Student’s t test, without any apparent correction for the use of
multiple endpoints.

The most substantial flaw in the study was the small sample size coupled with the lack of any
power analysis, such that negative results cannot be used to make any strong inferences. This is
acceptable given that this was a small proof-of-concept study.

7.3.4.10. Participant flow
All subjects were available for analysis.

7.3.4.11. Major protocol violations/deviations
Protocol deviations were not discussed.

7.3.4.12. Baseline data

Baseline characteristics are shown in Table 31. The groups appeared reasonably well balanced
in terms of the age distribution, mix of underlying cardiac diagnoses, and presence of Down’s
Syndrome (Trisomy 21). They were also well matched for pre-operative haemodynamics, as
shown in the table.
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Table 31: Clinical characteristics

Patient Diagnosis Age al operation . Weight  Mean PAP QpQs PVRi Duration of Type and duration
a g .
number (months) (kgh pre-op (mmHg) (U*m*)  mechanical of treatment
ventilation (days)

Patients randomized o iNO

AVSD, Tris 21 4.5 (%] 47 6.9 21 129 iNO 3 days
AVSD, Tris 21 4.5 4.3 47 2.6 22 6.2 iNO 5 days
AVSD 4.5 4.3 49 17 2.1 139 iNO2 days
VSD. Tris 21 6.1 6.0 54 3.2 30 18.2 INO 3 days
VSD. Tris 21 6.5 4.7 36 2.6 3.3 5.2 INO 3 days
AVSD, Tris 21 6.5 4.8 39 KR 3.0 14 INO 6 days
VSD 7.5 54 35 17 2.5 12.8 INO 6 days
- Mean [SD] 5.8 [1.3] 5.1 [0.8] 439 ([7.2] 38 (1.5] 2.6[0.5] 119 [4.6] 391.6)
Patients randomized w 1LO
VsD 2.6 4.1 55 18 il 5.0 ILO 4 days
AVSD, Tris 21 EN | 5.2 RE] 24 30 6.9 1LO 5 days
VSD, Tris 21 34 4.8 50 36 1.1 23 1LO 4 days
AVSD, Tris 21 39 4.5 36 6.3 1.7 17.7 1LO 3 days
Truncus ar, 4.9 32 53 nd nd 104 ILO 11 days
AVSD, Tns 21 55 4.7 40 [ 1.6 125 ILO B days
AVSD, Tris 21 6.8 3.8 35 2 5.5 8.7 1LO 10 days
AVSD, Tris 21 8.6 5 56 2.6 44 79 ILO 5 days
= Mean [SD] 49 12.1) 47 [08] 486 (1.7] 18 (171 29(1.6] 37.3 [484] 6.3 [3.0]
P value 1(NO versus [ILO (f test) 032 0.29 0.24 .96 063 019 0.08

an, aneriosus, AVSD mriovenricular sepial defect, JLO aerosolized Hoprost, iNO inhaled nitric oxide, nd no daa, PAP pulmonary anerial
pressure, preap preoperative, PYRI pulmonary vascular resistance index, U wood units, VSD ventricular sepral defect, Tris 21 trisomy 21

7.3.4.13. Results for the primary efficacy outcome

For the primary comparison of number of PHTCs, no significant difference was observed
between treatment groups. In the iNO group, there were two major and 26 minor PHTCs. In the
iloprost group, there were six major PHTCs and 25 minor PHTCs (Fisher’s exact test, p = 1.0).
Considering the number of patients with major PHTCs, there appeared to be a benefit with iNO
(1 of 7 patients) compared to iloprost (3 of 8 patients), but this observation is based on very low
numbers.

Intensified standard treatment was sufficient to treat PHTCs in most cases, but one patient in
the iloprost group was given additional iNO at Day 2.

Figure 28: Comparison of the number of PHTCs observed with iINO and iloprost
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7.3.4.14. Results for other efficacy outcomes

Mean pulmonary artery pressure averaged within each group showed a variable course after
surgery, with an initial decline over the first few hours, followed by fluctuations and some
increase, with large within group variations that greatly exceeded the between group
differences (see figures below). Without a placebo control group, it is not possible to determine
which changes, if any, were due to the randomised inhalational therapies. The differences
between the two agents were not significant for MPAP or Pp/Ps ratio (described in other
studies as the PAP/SAP ratio).

Other haemodynamic endpoints, such as cardiac output and PVRI also showed no difference
between the groups, but suffer from the same problem of interpretation in the absence of a
placebo group.

The secondary clinical endpoints, time on ventilation and in-hospital mortality, also showed no
significant difference between groups. Time on ventilation is shown with baseline data, in the
table above; meaningful comparison is difficult because of a couple of outliers in the iloprost
with very long times on ventilation (104 and 125 days) presumably related to post-surgical
complications. No patient died during the observation period, but there were three delayed in-
hospital deaths in the iNO group, 14 days, 104 days and 125 days after surgery.

Figure 29: MPAP after weaning from CPB
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Figure 30: PAP/SAP ratio after weaning from CPB
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7.3.4.15. Conclusion

Overall, this small pilot study (n = 15) suggests that iNO 10 ppm and aerosolised iloprost

0.5 pg/kg every 2 h might have similar efficacy when used to prevent PHTCs in the paediatric
setting, but the study was not adequately powered to demonstrate equivalence. Also, because
neither therapy is registered for the indication, similarity of efficacy in the two drugs is not
directly supportive of the claims of efficacy for iNO, because both agents could be similarly
ineffective.

The trends in MPAP were weakly in favour of iNO, but there was no convincing reduction in
MPAP relative to baseline. The paper is at least consistent with the sponsor’s claims that iNO is
effective in this setting, raising no significant concerns, but it also provides no real support.

7.3.5. Stocker 2003
Abstract

Intravenous sildenafil and inhaled nitric oxide: a randomised trial in infants after cardiac
surgery.

Objective: To investigate the acute effects of intravenous sildenafil on haemodynamics and
oxygenation, and its interaction with inhaled nitric oxide (iNO) in infants at risk of pulmonary
hypertension early after cardiac surgery.

Design: Prospective, randomised trial.
Setting: Paediatric intensive care unit of a children’s hospital.

Patients and participants: Sixteen ventilated infants early after closure of ventricular or
atrioventricular septal defects were randomly assigned to one of two groups. The study was
completed in 15 infants.

Interventions: Studies were commenced within 7 h of separation from bypass. Seven infants
received iNO (20 ppm) first, with the addition of intravenous sildenafil (0.35 mg/kg over

20 min) after 20 min. Eight infants received sildenafil first, iNO was added after 20 min.
Vascular pressures, cardiac output and a blood gas were recorded at 0, 20 and 40 min.

Measurements and results: In infants receiving iNO first, iNO lowered the pulmonary vascular
resistance index (PVRI) from 3.45 to 2.95 units (p = 0.01); sildenafil further reduced PVRI to
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2.45 units (p < 0.05). In those receiving sildenafil first, PVRI was reduced from 2.84 to 2.35 units
(p < 0.05) with sildenafil, and fell to 2.15 units (p = 0.01) with the addition of iNO. In both
groups, sildenafil reduced the systemic blood pressure and systemic vascular resistance

(p <0.01) and worsened arterial oxygenation and the alveolar arterial gradient (p < 0.05).

Conclusion: Intravenous sildenafil augmented the pulmonary vasodilator effects of iNO in
infants early after cardiac surgery. However, sildenafil produced systemic hypotension and
impaired oxygenation, which was not improved by iNO.

7.3.5.1.  Study design, objectives, locations and dates

Stocker et al used a randomised, prospective, open label add-on design to assess the short-term
haemodynamic effects of iNO, sildenafil and the combination of both drugs in 15 infants after
closure of atrioventricular or ventricular septal defects. Infants were randomised to iNO therapy
followed by the addition of sildenafil, or sildenafil therapy followed by the addition of iNO.

The study was performed in the Royal Children’s Hospital, Victoria, Australia, in the lead-up to
publication in 2003.

7.3.5.2. Inclusion and exclusion criteria

Eligible subjects were infants undergoing surgical repair of ventricular septal defects or atrio
ventricular septal defects with a large left to right shunt, diagnosed on pre-operative echo-
cardiograph.

7.3.5.3.  Study treatments

Study duration was 40 min for both groups, with 20 minutes of monotherapy followed by
20 minutes of combination therapy.

Infants were randomised to receive:

e nitric oxide first (20 ppm), with the addition at 20 min of intravenous sildenafil
(0.35 mg/kg, infused over 20 min); or

e intravenous sildenafil first (dose as above), with the addition of nitric oxide 20 ppm at
20 min.

The protocol specified that infants should commence randomised treatment within 7 hours of
surgery, and all randomised treatments were commenced between 3.8 and 6.7 h after
separation from cardiopulmonary bypass. Given that the intervention was relatively short, the
delay means that changes within the study are likely to reflect the effects of treatment rather
than primarily represent recovery from surgery.

In addition to randomised treatment, all subjects received standard perioperative care. They
were given sedation and muscle relaxation agents (vecuronium, midazolam and morphine) and
mechanically ventilated with an inspired oxygen fraction of 0.5. Subjects received a single
inotropic agent, either intravenous dopamine or dobutamine (between 1 and 5 pg/kg per min),
which was kept constant during testing of study drugs. Alpha-blockers, other
phosphodiesterase inhibitors or nitrovasodilators were not used at any time prior to or during
the study.

7.3.5.4.  Efficacy variables and outcomes
The following variables were either measured or calculated:
e systemic and pulmonary arterial pressure
e central venous and left atrial pressures
e cardiac output

e pulmonary and systemic vascular resistance index (PVRI and SVRI)
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e arterial oxygen tension
e alveolar arterial oxygen gradient.

These variables were recorded at 0 min (baseline) and at 20 and 40 min (following each
intervention). The most important of these variables appeared to be the PVRI, but it was not
formally designated as primary, and the other endpoints were not formally ranked in
importance.

7.3.5.5.  Randomisation and blinding methods

Subjects were randomised with equal probability to the two treatment sequences, by block
allocation. The study was open label, with no blinding.

7.3.5.6.  Analysis populations

The analysis was performed on the fifteen patients who received randomised treatment, all of
whom completed the study.

7.3.5.7.  Sample size

Formal sample-size estimations were not presented. Instead, the authors indicate that the study
was terminated early because of positive interim analysis results: “We initially intended to enrol
30 infants, but the trial was terminated early after interim analysis of the first 15 completed
studies.” Thus, the study was adequately powered for its key endpoints, because it achieved
significance in this preliminary analysis.

The authors do not discuss the potential inflation of the significance of the study (and increased
risk of Type 1 error) that could have arisen from the presence of multiple potential stopping
points. In the context of a small pilot study, this is not a major problem.

7.3.5.8. Statistical methods

The authors described their analysis as follows: “The results were analysed using Sigmastat for
Windows, version 2.03 (SPSS, Chicago, IL). The results are expressed as means #* standard errors of
the mean (SEM). Student’s t-test was used to compare between group data at baseline and for
changes between baseline and each time point, and paired t-tests to compare within group data at
different time points. Probability values of less than 0.05 were considered statistically significant.”

Essentially, the authors used paired t-tests for the main within-group comparison of different
time-points. No correction was applied for the use of multiple endpoints or multiple time point
comparisons.

The abstract implies that PVRI was the primary endpoint, but this was not stated explicitly and
the rest of the paper discusses MPAP and SPAP results before dealing with PVRI. No particular
time point comparison was designated as primary.

7.3.5.9.  Participant flow

From eighteen suitable patients, seventeen families provided consent for the study, sixteen
were recruited and randomised, and fifteen completed the study. One patient was excluded
before treatment commenced, because of arrhythmias. The analysis was performed on the
fifteen completers.
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Figure 31: Flow diagram showing number of patients eligible, recruited, and studied
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7.3.5.10. Major protocol violations/deviations
Protocol deviations were not discussed.
7.3.5.11. Baseline data
As shown in Table 32, the two groups were reasonably well matched at baseline.

Table 32: Patient characteristics by group

iNO then sildenafil (n=7) Sildenafil then iNO (n=8)
Male 3 2
Age (days) 139 (32) 123 (26)
Weight (kg) 49(0.5) 4.7(0.3)
Ventricular septal defect 5 )
Atrioventricular septal defect 2 2
Data are expressed as means E.‘-.er.im]\uIlnnn_:u'}. |."}'].‘Lt..\"i time (min}) 126 (18) IR ( I:\E-
(SEM) Cross-clamp time (min) _ 85 (14) 88 H.J
Time post-bypass at baseline (min) 246 (22) 262(16)

INCY inhaled nitric oxide

7.3.5.12. Results for the primary efficacy outcome

In the iNO-first group, the MPAP had fallen by 20 min, reducing by 1.4 + 0.4 mm Hg (by 7.8
2.1%; p = 0.008), while mean systemic arterial pressure, left atrial pressure and central venous
pressures and cardiac index were all unchanged. The addition of sildenafil did not further
influence MPAP over the next 20 minutes, but systemic blood pressure fell by 8.9 + 2 mm Hg
(13.4 £ 2.7%; p = 0.004), while left atrial pressure, central venous pressure and cardiac index
remained unchanged.

In the sildenafil-first group, MPAP had fallen by 20 min, but not significantly (reduced by 10 +
4.1%; p = 0.055), and the vasodilatory effect was not confined to the pulmonary circulation:
MSAP fell by 12 + 1.2 mm Hg in the first 20 min (17 + 1.8%; p < 0.001), while left atrial and
central venous pressures, and cardiac index were unchanged. The addition of iNO resulted in a
further reduction in MPAP to levels significantly below baseline (p = 0.001).

Thus, iNO reduced MPAP significantly, regardless of whether it was commenced first, or added
to sildenafil, and it appeared to be selective for the pulmonary vasculature, having no major

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 91 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

effects on systemic blood pressure. By contrast, sildenafil only produced a trend to lowering
MPAP when used as monotherapy and provided no additional benefit when added to iNO.
Furthermore, sildenafil significantly lowered systemic blood pressure regardless of whether it
was used as monotherapy or added to iNO.

When pulmonary hypertension was assessed by PVRI, instead of MPAP, both agents produced a
significant reduction in PVRI, and the addition of the second agent produced further reductions.
As stated in the abstract: “In infants receiving iNO first, iNO lowered the pulmonary vascular
resistance index (PVRI) from 3.45 to 2.95 units (p = 0.01); sildendfil further reduced PVRI to 2.45
units (p < 0.05). In those receiving sildenafil first, PVRI was reduced from 2.84 to 2.35 units (p <
0.05) with sildenafil, and fell to 2.15 units (p = 0.01) with the addition of iNO.” The reductions in
PVRI associated with both agents, when used as monotherapy, were similar (p = 0.7).

Table 33: Haemodynamic and ventilatory data at baseline and in response to

interventions

Inhaled nitric oxide first (n=7)

Intravenous sildenafil first (n=8)

Baseline INO + Sildenafil Baseline Sildenanl +iNO

(0 min) {20 min) (40 min) (0 min}) (20 min) (40 min)
Mean PA pressure (mmHg) 19.3 (1.6) 17.8 (1.6 17.6(1.8) 18.8(1.2) 16.9 (1.5) 155 (L.1F
Mean Art pressure (mmHg) 68 (4) 65(3) 56 (2)b 0.6 (2.1) 58239 55(2.6)
C I {I/min per mf) 3.9(0.2) 4.1 (0.3) 4.4(0.2) 3.7(0.2) 3.8(0.2) 3.8(0.2)
LA pressure 6 ((L7) 6 (0.8) 6(0.9) 8 ((L5) 7 (0.6) T(0.6)
CV pressure 7(0.7) 7(0.1) B(0.7) 9(0.7) 8(0.8) B(0.6)
PVRI (unit/m?) 3.5(04) 3.0(0.4) 2.6 (0.5)0 3.1 (0.5) 2.7(0.5p 2.4 (0.4)0
SVRI (unit/m?) 15.8(1.3) 14.7(1.4) 11.1(0.7)k 174 (1.4) 13.3(0.9p 12.6(0.9)
Heart rate (beats/min) 148 (4.4) 150 (4.0) 150 (4.0) 148 (3.0) 150 (6.6) 151 (4.4)
Central temperature (°C) 37.6(0.16) 37.7(0.209) 37.5 (0.25) 37.5(0.22) 37.5(0.19) 37.4(0.16)
PaCO, (mmHg) 36 (2) 38(3) 38(2) 37(2) 37(2) 40(3)
pH 7.400(0.02) 7.39 (0.03) 7.38 (0.02) 741 (0.03) 7.41 (0.03) 7.40(0.02)
Pa0, immHg) 143 (11) 156(13) 17 (13)b 138(12) 108 (17) 98 (19)
A-a gradiem (mmHg) 145 (13) 118 (8)* 165 (17)0 160 (23) 1500 (39)a 2148 (40
Oxygzenation index 3.6(0.3) 2.9 (0.2p 4.3 (0.6)0 4.0 (0.8) 6.1 (1.6p 8.9(3.2)

Data are expressed as means (SEM). PA pulmonary artery, Arf sys-
temic artery., C/ cardiac index, LA left atrial, CV central venous,
PVRI pulmonary vascular resistance index, SVRI systemic vascu-
lar resistance index, PVRISVRI pulmonary-to-systemic vascular
resistance ratio, PaQ, arterial partial pressure of oxygen, PaCO,
arterial partial pressure of carbon dioxide, A-a alveolar-arterial

Within-group statistics:

a p<0.05 for first intervention (between 0 and 20 min)

b p<0.05 for second intervention (between 20 and 40 min

¢ p=0.05 for second intervention versus baseline only {(between 0
and 40 min. but et 20 vs 40 min)
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Figure 32: Haemodynamics, oxygenation and ventilation parameters
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in systemic blood pressure and vascular resistance sildenafil produced significant deterioration in all measurements

7.3.5.13. Results for other efficacy outcomes

Oxygenation based endpoints also suggested that iNO was superior to sildenafil, because
sildenafil caused reductions in oxygenation whereas iNO had no significant effect. In the iNO-
first group, there was a trend towards an improvement in Pa0O.. The addition of intravenous
sildenafil reduced PaO; by 38.2 + 15.9 mm Hg (p = 0.045) and, reflecting this, increased the
oxygenation index by 1.4 + 0.5 (p = 0.04) and increased the alveolar-arterial gradient by a mean
of 47 + 14 mm Hg (p = 0.03).

In the sildenafil first group, sildenafil reduced PaO; by 29.9 + 6.9 mm Hg (p = 0.003), increased
the oxygenation index by 2.0 + 0.8 (p = 0.003) and increased the alveolar-arterial gradient by
30 £ 6 mm Hg (p = 0.007). Addition of iNO improved oxygenation, but not significantly.

7.3.5.14. Conclusion

Overall, this small study suggests that both iNO 20 ppm and sildenafil 0.35 mg/kg lower PVRI in
paediatric cardiac surgery patients, but iNO is more selective for the pulmonary circulation. In
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the iNO-first group, MPAP had fallen after 20 min of therapy, reducing by 1.4 + 0.4 mm Hg (7.8 +
2.1%; p = 0.008). The subsequent addition of sildenafil did not further lower PA pressure.

In the sildenafil first group, MPAP had also fallen by 20 min, and the reduction was numerically
greater when expressed as a percentage of baseline, but the fall was not statistically significant
(reduction of 10 * 4.1%; p = 0.055). The subsequent addition of iNO produced a further fall in
MPAP. Similar findings were observed with PVRI. iNO also produced significant improvements
in oxygenation. The use of sildenafil was associated with significant falls in systemic blood
pressure, regardless of whether it was used first or added to iNO, whereas iNO had no major
effect on the systemic circulation.

Sildenafil is not a registered treatment for this indication, which is why this study was
considered merely supportive. Also, treatment was unblinded. Nonetheless, the significant
haemodynamic changes observed with iNO relative to the pre-treatment baseline, and the
ability of iNO to produce further reductions in MPAP and PVRI in patients already receiving
sildenafil provide reasonably robust support for the proposed indication. No placebo group was
used, but the clear and significant haemodynamic changes seen in iNO recipients occurred
during a brief intervention a few hours after surgery, which strongly suggests a causal process
directly related to the intervention. The pulmonary selectivity of iNO represents a clear
advantage over intravenous sildenafil, and it is consistent with other submitted studies in which
iNO had greater pulmonary selectivity than intravenous vasodilators.

7.4. Supportive efficacy studies in adults

The studies listed below were performed in adults who were undergoing cardiac surgery or
being prepared for cardiac surgery with vasoreactivity testing. Because of the age of the patients
studied, the results are only indirectly supportive of the proposed paediatric indication.
Nonetheless, the findings in adults were broadly consistent with those observed in children. The
individual studies were small, and generally they were underpowered for clinical endpoints, but
together they provide a robust and reproducible set of results.

Given that very few subjects were studied in the age bracket 12 to 17, these studies in adults
provide important reassurance that the efficacy of iNO is not confined to very young children,
but spans all ages tested from neonates to older adults.
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Table 34: Supportive efficacy studies in adults

(First Author No. Mean Age INO | iNO dose | Duration of Type of
Year) iNO pts (ppm) freatment cardiac surgery
pts
Cardiac surgery, including LVAD placement and heart transplant, adult patients
(Ardehalietal.. | 16 47.6 yrs 20 minimum 12 Heart transplant
2001) hrs
{Argenziano et 11 55 yr1s 20 median 24 hrs LVAD & PAH
al.. 1998) (range, 12 hrs
to 6 days)
(Fattouch et al., | 22 63 yrs 20 30 mins Mitral valve
2005) replacement with PAH
(Fattouch et al.. 21 65318 not stated > 60 mins Mitral valve
2006) replacement with PAH
(Gianetti et al., 14 70 yrs 20 8 hrs Cardiac surgery
2004)
(INOT41. 73 adults 40 Up to 48 hrs LVAD placement
2009)
(Kieler-Jensen 12 19 - 61 yrs 20, 40, 80 10 mins WVaso-reactivity testing
etal., 1994)
(Radovancevic 19 53 yrs 40. 60. 80 10 mins Pre transplant reactivity
et al.. 2005) testing
(Rajek et al., 35 69 y1s8 41024 6 hrs Heart transplant
2000)
(Schmid et al.. 14 25-76 yrs 40 20 mins Cardiac surgery
1999)
(Solina et al.. 30 20ppm: 73yr1s 20. 40 24 hrs Cardiac surgery
2000) 40ppm: 62yrs
(Solina et al., 47 10ppm: 68 yrs 10. 20. 30. | iNO post CPB Cardiac surgery
2001) 20ppm: 70 yrs 40 & for
30ppm: 73 yrs remainder of
40ppm: 69 yrs surgery
(Winterhalter et | 23 mean 68 years 20 30 mins Cardiac surgery
al.. 2008)
7.4.1. Fattouch 2005
74.1.1.  Abstract

Inhaled Prostacyclin, Nitric Oxide, and Nitroprusside in Pulmonary Hypertension After Mitral
Valve Replacement

Objective: Pulmonary hypertension increases morbidity and mortality in patients undergoing
heart surgery. Mitral valve stenosis is frequently associated with an increase in pulmonary
vascular resistance (PVR). Cardiopulmonary bypass exacerbates pulmonary hypertension in
patients undergoing cardiac surgery. The aim of this study was to compare the hemodynamic
effects of inhaled prostacyclin and nitric oxide and the administration of IV nitroprusside during
cardiac surgery with a clinical, pharmacodynamic dose response, prospective, randomized, and
double blind study (Group A: inhaled prostacyclin; Group B: inhaled nitric oxide; Group C:
nitroprusside).

Materials and Methods: Fifty-eight patients with mitral valve stenosis and elevated PVR
(> 200 dynes-sec/cmb5) after mitral valve surgery were studied. Inhaled prostacyclin and nitric
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oxide were administered at concentrations of 10 g/min® and 20 ppm, respectively.
Nitroprusside IV was administered at the dose of 5 to 15 g/min. Results: Prostacyclin and nitric
oxide produced a significant dose related decrease of mean pulmonary arterial pressure,
pulmonary vascular resistance, and transpulmonary gradient. A significant increase in cardiac
output was observed in both groups. In Group C, nitroprusside administration was interrupted
in 62% patients due to occurrence of systemic hypotension.

Conclusions: Inhaled prostacyclin and nitric oxide are effective in the treatment of post-
operative pulmonary hypertension in patients with mitral valve stenosis undergoing mitral
valve surgery. Both drugs improve cardiac output and reduce mean pulmonary arterial
pressure, pulmonary vascular resistance, and transpulmonary gradient. They may be useful in
patients with acute right ventricular failure following cardiac surgery. In comparison to nitric
oxide, inhaled prostacyclin is free from toxic side effects and is easier to administer.

7.4.1.2.  Study design, locations and dates

Fattouch et al compared the haemodynamic efficacy of iNO, inhaled prostacyclin (iPGI2) and
intravenous nitroprusside (NP) in adult patients (n = 58) with elevated PVR undergoing mitral
valve surgery, using a randomised, double blind design.

Although the study was structured as a parallel group study, statistical comparisons between
groups were not the main focus of the study, and the results tables only show comparisons
across different time-points within each group.

The study was performed in two centres in Italy (Operative Unit of Cardiac Surgery, Universita
di Palermo “Paolo Giaccone”, Palermo; Cardiac Surgery Center, Villa Azzura, Rapallo), over the
course of 58 consecutive eligible cases prior to publication in 2005.

7.4.1.3. Inclusion and exclusion criteria

Subjects were eligible if they were undergoing mitral valve replacement (MVR) and had
elevated PVR (> 200 dynes-sec/cm5 and/or a TPG > 10 mm Hg).

The authors list the following exclusion criteria:
e concomitant coronary artery disease
e aortic and/or tricuspid valve disease
e emergency operative status
e ejection fraction < 25%
e pre-operative haematocrit < 38%
e thromboembolic disease treated with anticoagulant therapy
e peripheral vascular disease
e renal failure (creatinine > 2.0 mg/dL)
e liver dysfunction
e coagulopathy
e thrombocytopenia.
74.1.4.  Study treatments

Administration of randomised study drug began immediately after admission to the intensive
care unit. Drugs were given for 30 minutes, followed by a 15 minute washout period.

9 The prostacyclin and nitroprusside doses described in the abstract are unlikely to be correct.
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Group A: Inhaled prostacyclin (iPGI2, n = 18)

Prostacyclin was administered with a nebulizer attached to the inspiratory limb of the
ventilator. A PGI2 concentration of 10 pg/mL was prepared, and delivered at rates of

0.30 mL/min. (The abstract refers to a prostacyclin dose of 10 g/min, which is not believable: at
the stated concentration, this would imply that 1000,000 mLs (1,000 L) were inhaled each
minute [10g = 1000,000 x 10 pg]).

Group B: Inhaled NO (iNO, n = 22)

NO was mixed in nitrogen at 1000 ppm and delivered via a calibrated flowmeter into the
inspiratory limb of the ventilator at 20 ppm.

Group C: Intravenous nitroprusside (NP, n = 18)

Nitroprusside was started at a dose of 2.5 to 25 ng/kg/min, and titrated according to effect,
until there was a considerable decrease of MAP or a reduction of PVR.

The following criteria were used to interrupt study treatment:

e severe systemic hypotension (systemic arterial pressure < 90 mm Hg and/or fall by more
than 25% despite the administration of 15 mL/kg of colloid)

e severe post-operative mediastinal bleeding (> 300 mL/h)
e increase of intrapulmonary shunt; and
e pulmonary oedema.

In addition to randomised treatment, all subjects received standard anaesthetic and
perioperative care, described in more detail in the paper.

7.4.1.5.  Efficacy variables

Haemodynamic data were obtained via a radial artery and a Swan-Ganz pulmonary artery
catheter, and blood was collected for arterial and venous oxygen assays.

Data were collected at four time-points:

e Dbefore CPB

¢ 30 minutes after CPB interruption

e during infusion therapy

e during a 15 minute control period (without vasodilatory therapy).

No single variable was designated as primary. The authors list the following efficacy variables:
heart rate (HR), systolic, diastolic, and mean arterial pressure (MAP), cardiac output (CO),
stroke volume (SV), systolic, diastolic, and mean pulmonary arterial pressure (MPAP), central
venous pressure (CVP), pulmonary capillary wedge pressure (PCWP), systemic vascular
resistance (SVR), PVR, TPG (MPAP-PCWP), MPAP/MAP ratio and PVR/SVR ratio.

Arterial and venous oxygen saturation (Sa0z and Sv03), and Pa0O; were measured continuously,
and intrapulmonary shunt fraction (IPSF) and arterial venous oxygen difference were calculated
using standard formulas.

7.4.1.6. Methods

The authors described their statistical methods as follows: “Data were expressed as mean #
standard deviation. Data were compared using an analysis of variance for repeated
measurements; paired t-tests with Bonferroni correction was used. Hemodynamic differences
between PGI2, NO, and nitroprusside were evaluated using the analysis of variance. A p value of
less than 0.008 was taken as significant (we performed at least six comparisons per variable).
Patient characteristics were compared between groups by a chi-square test.”
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These methods sounded appropriate. It is reassuring to see that the authors used corrections
for the use of multiple endpoints. On the other hand, it would have been desirable to specify a
specific hypothesis for the study and to identify a primary endpoint. Also, it is unclear whether
the ANOVA, intended to be performed on haemodynamic differences, applied to on-treatment
differences or merely to baseline differences; the ANOVA results were not reported.

No sample size estimations were presented. In conjunction with the lack of ANOVA results, this
makes it impossible to draw firm conclusions about the equivalence of iPGI2 and iNO.

Techniques for maintaining blinding were not discussed, but the study is described as “double
blind”. The investigators would have needed to use double-dummy placebo infusions and
placebo inhalation circuits to maintain the blind, but these are not mentioned. Indeed, it is
difficult to see how blinding could be maintained for rapidly acting intravenous vasodilators
such as nitroprusside, particularly when these were not given at a fixed dose but were instead
titrated to effect. The study set-up would require that active drug and one (or possibly two)
dummy agents were all titrated simultaneously, otherwise it would be easy to infer which agent
was active by observing the response or lack of response after adjustments to the IV or
inhalational therapy. The authors were clearly using English as their second language (they
described themselves as an Operative Unity, instead of an Operating Unit), and they may not
have understood what is implied by the term “double blind”. The study could have been single
blinded, or it could have used treatment blinded recorders to note down haemodynamic data.

7.4.1.7. Baseline data

The three treatment groups appeared reasonably well matched at baseline in terms of age,
gender distribution, and severity of cardiac impairment according to the New York Heart
Association (NYHA) class. They also spent a similar time on bypass.

Table 35: Patient characteristics

Variables Group A (n = 18) Group B In = 22) Group C (n = 18)
Sex (no of male) 9 10 7
Age (years) 6218 639 5917
Synus rhytm 8 7 10
NYHA class

1=l 0 0 0

] 15 16 19

v 3 2 3
Anticoagulation therapy 12 12 14
Redo 5 3 5
Procedures

SVM 14 16 12

SVM + TVR 4 6 6
CPB (min) 57 £ 12 48 + 14 56 £ 16
Aortic X-clamping (min) 518 46 £ 10 5119
Mediastinal bleeding {mL) 640 £ 220 580 £ 230 610 £ 160
Operative mortality 0 1 0

1

Reoperation for bleeding 1 0

MWR = mitral valve replacement; TVR = tricuspid valve repair; CPB = cardiopulmonary bypass.

7.4.1.8. Results

In their description of their statistical methods, the authors write “Hemodynamic differences
between PGI2, NO, and nitroprusside were evaluated using the analysis of variance,” but the
results of this analysis were not reported. The first sentence of the authors’ Results section
reads “There were no significant differences in pre-operative hemodynamic values between groups
(Table 1)”, but their Table 1 is shown above (as Table 35), and it includes no haemodynamic
data. This represents a mistake in the original paper; it appears that a table was removed during
editing. It remains unclear whether the authors ever intended to compare on-treatment
haemodynamic values across groups, or merely used ANOVA for pre-operative haemodynamic
values. If the authors did statistically compare groups from an efficacy perspective, on
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treatment, they did not find results they chose to report, and this represents a substantial flaw
and unresolved issue in the study. In the absence of any between group comparison (by
accident or design), results were assessed within each treatment group, relative to the post-CPB
baseline and to the “Control” or washout period.

In subjects receiving iNO or iPGI2, there were no significant changes in HR, MAP, CVP, PCWP,
CO, and SVR. By contrast, systolic and MAP decreased significantly in seven patients receiving
nitroprusside, requiring interruption of study drug. Following CPB, there was an increase in
PVR, MPAP, and PCWP in all three groups.

Inhalation of PGI2 produced significant reductions of PVR (-50%), TPG (-64%), and MPAP
(-20%), relative to the post-CPB period, but PCWP did not change significantly. These
improvements are likely to include some recovery from CPB not directly related to therapy, as
suggested by the fact that there were also favourable differences between the post-CPB results
and the Control results. CO and SV were increased during iPGI2 treatment, but not significantly.
The authors mention that prostacyclin was interrupted in 2 out of 14 cases, but the reasons
were not provided. This seems at odds with their comment in the abstract that PGI2 was free of
toxic side effects and easy to administer.

Table 36: Haemodynamic changes in prostacyclin group

Variables Before CPB Post CPB PGI2 Control
HR (beats/min) QL7 84418 95+ 10 94+9
MAP (mmHg) 79+10 T6+7 T0+6 7318
MPAP (mmHg) 426 458 36 + 4* 39%6
CVFP {mmHg) 102 9+2 912 10+ 3
CO (L/min) 3704 45+05 4904 45+03
SV (mL) 40 x5 491+ 8 519 509
PCWP (mmHg) 265 29+ 4 30x3 0+4
PVR (dyne sec/cm®) 680 + 84 796 + 66 397 + 49*¢ 675+ 79
SVR (dyne sec/cm®) 1720 £ 341 1890 £ 207 1410 £ 186 1646 £ 231
TPG (mmHg) 16+6 16+£5 6+2* 9+3
PaQ; (KPa) 142 15+ 2 15%2 14+2
S5a0; (%) 98+ 02 98 + 0.2 96+ 2 98 41
SvOs (%) 57+ 4 58 +4 5645 59+5
IPSF (%) 7419 16+21 96+23 74+18

*p < 0.008 PGI2 vs post CPB; HR = heart rate; MAP = mean arteral pressure; MPAP = mean pulmonary arterial pressure; CVP

= central venous pressure; CO = cardiac output; SV = stroke volume; PCWP = pulmanary capillary wedge pressure; PVR =

pulmonary vascular resistances; SVR = systemic vascular resistances; TPG = transpulmonary gradient; IPSF = intrapulmeonary

shunt fraction
Inhalation of NO also produced significant reductions of PVR (-45%), TPG (-62%), and MPAP
(-19%), without any significant change in CO and SV. For PVR and TPG, the results in the
Control period were intermediate between the post-CPB results and the on-treatment results,
possibly reflecting progressive recovery from surgery, but the Control MPAP was actually
slightly worse than the immediate post-CPB results. This could partially reflect a withdrawal or
rebound effect because the Control period occurred soon after interruption of iNO. Thus, it is
not straightforward to assess the effect of iNO on MPAP from these data: there is no placebo
group and the results in the iNO group over the four readings include a mixture of acute post-
CPB effects that might be expected to resolve over time, efficacy effects, and
withdrawal/rebound effects. It could be argued that the MPAP results in the iNO column are
superior to those in the post-CPB column because the patients had begun to recover from CPB,
and superior to those in the Control column because the Control results reflect rebound
pulmonary hypertension. (Some confidence that the NO results shown below actually reflect
efficacy can be drawn from the fact that they are consistent with placebo controlled data in
other studies).
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Table 37: Haemodynamic changes in nitric oxide group

Variables Before CPE Post CPB NO Control
HR (beats/min) B9+6 88+5 ap+5 89+6
MAP (mmHg) 817 iBL6 8248 Tax7
MPAP {mmHg) 41 +5 43+4 3B+3* a4 +4
CVP {mmHg) 942 10£1 842 942
CO (L/mnin) 38x03 42104 48+05 4303
SV imL) 42+6 47+8 53+9 51+8
PCWP {mmHg) 27+6 26+4 28+ 6 27456
PVR (dyne secfcm®) 722+ 115 770+ 136 427 + 69* 630+ 9
SVR (dyne secfcmS) 1915 £ 240 1640 £ 110 1560 £ 120 1647 £ 90
TPG (mmHg) 16x4 185 P2t 13£3
PaO; (KPa) 1442 16+3 1543 17+ 3
SaDj (%) 99+0.2 99+ 0.2 971 99 + 0.2
Sv0; (%) 564 675 58+ 6 57 +5
IPSF (%) 714+£04 77+13 86+19 81+£1.1

*p = 0.008 MO versus post CPB; HR = heart rate; MAP = mean arterial pressure; MPAP = mean pulmaonary arternal pressure,;
CVP = central venous pressure; CO = cardiac output; SV = stroke volume; PCWP = pulmonary capillary wedge pressure; PYR =
pulmonary vascular resistances; SVR = systemic vascular resistances; TPG = transpulmonary gradient; IPSF = intrapulmonary

shunt fraction.

Results for the nitroprusside group were limited to 11 out of 18 patients because systemic
hypotension led to treatment interruption in 7 patients. Administration of NP in the 11 patients
who tolerated it caused significant reductions in PVR (-45%), SVR (-51%), TPG (-44%), and

MPAP (-21%).

Table 38: Haemodynamic changes in nitroprusside group

Variables Before CPB Post CPE NP Control
HR (beats/min) Bd+7 867 91+9 897
MAP (mmHg) 819 TO£7 66 x5 87
MPAP (mmHg) 43+ 5 466 34 42+5
CVP {mmHg) 11+3 10+£3 10+£2 10+3
CO (Lymin) 4.0+ 03 424+ 04 45405 42402
SV (mL) /45 46+ 6 49+ 7 47+ 6
PCWP immHg) 285 316 29+56 295
PVR (dyne sec/em®) 760 £ 70 B20 £ 94 458 4+ 61* 693 + 68
SVR (dyne sec/cmS) 1840 £ 270 1910 £ 325 945 + 326* 1670 £ 138
TPG {mmHg) 155 166 913 14+3
PaDa (KPa) 13£2 162 153 162
Sa0z (%) 9803 99+ 0.4 9906 9904
SvO2 (%) 56+ 4 576 54+ 4 6614
IPSF (%) 68£1.1 69+£1.2 91+£16 74+13

*p < 0.008 nitroprusside versus post CPB; HR = heart rate; MAP = mean arterial pressure; MPAP = mean pulmonary arterial

pressure; CVP = central venous pressure; CO = cardiac output; SV = stroke volume; PCWP = pulmonary capillary wedge
pressure; PVR = pulmonary vascular resistances; SVR = systemic vascular resistances, TPG = transpulmonary gradient; IPSF =
intrapulmonary shunt fraction.

7.4.1.9. Conclusion

Overall, this study suggests that iNO 20 ppm and iPGI2 have similar efficacy in reducing
pulmonary arterial pressure and PVR following CPB, in adults with right ventricular failure, but
this has not been demonstrated with sufficient rigour.

7.4.2. Fattouch et al, 2006
7.4.2.1. Abstract

Treatment of pulmonary hypertension in patients undergoing cardiac surgery with
cardiopulmonary bypass: a randomized, prospective, double blind study.

Objective: Pulmonary hypertension can already be present in patients undergoing cardiac
surgery or can be exacerbated by cardiopulmonary bypass. Post-operative treatment is still a
challenge for physicians. The aim of this study was to evaluate the effects of inhaled prostacyclin
(iPGI2) and nitric oxide (iNO) compared with those of intravenous vasodilators.
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Methods: This prospective, randomized, double blind study included 58 patients affected by
severe mitral valve stenosis and pulmonary hypertension with high pulmonary vascular
resistance (> 250 dynes's/cm5) and a mean pulmonary artery pressure > 25 mm Hg. All patients
were monitored by central venous, radial arterial and Swan-Ganz catheters. Data were
recorded at six different time points, before induction of anaesthesia, during and after surgery.
Prostacyclin and nitric oxide were administered by inhalation 5 min before weaning from
cardiopulmonary bypass and continued in the intensive care unit. Right ventricular function
was evaluated by transoesophageal echocardiography.

Results: Hospital mortality was 3.4%. After drug administration, the mean pulmonary artery
pressure and pulmonary vascular resistance were significantly decreased in the iNO and iPGI2
groups with respect to the baseline values (P < 0.05) and such a decrease was maintained
throughout the study; this was not observed in the control group. In the iNO and iPGI2 groups
we demonstrated a significant increase in cardiac indices and right ventricular ejection fraction
after drug administration with respect to baseline. Furthermore, patients in the inhaled drug
groups were weaned easily from cardiopulmonary bypass (P = 0.04) and had a shorter
intubation time (P = 0.03) and intensive care unit stay (P = 0.02) than the control group.

Conclusions: Our data suggest that both iNO and iPGI2 are effective in the treatment of
pulmonary hypertension. iPGI2 has a number of advantages over iNO, including its easy
administration and lower cost. Intravenous vasodilator treatment, on the other hand, is effective
in terms of mortality but has a higher morbidity rate.

7.4.2.2.  Differences between Fattouch studies

The second study reported by Fattouch was similar in many ways to the study described above,
Fattouch et al, 2005. Both studies were performed at a similar time, in the same institutions,
with largely the same list of contributing authors, and both assessed the efficacy of iPGI2, iNO
and “intravenous vasodilators” (presumably nitroprusside) in adult patients who exhibited
elevated PVR in the setting of mitral valve surgery. The number of patients was the same in each
study (n = 58), but distribution to the three treatment groups was slightly different. In places,
the text of the two papers is identical, indicating that the second was prepared in part by cutting
and pasting from the first, or from a common source document. The second paper does not
mention the earlier study, and it seems somewhat odd to perform two studies in rapid
succession that essentially address the same issues in the same patient population.

Fattouch 2005 mentioned analyses that were not subsequently presented in that paper,
potentially suggesting some confusion on the part of the authors as to which analyses belonged
in which paper. Some odd coincidences in the results were also observed, raising the possibility
that data or analysis in the two studies was potentially overlapping.1? A careful comparison of
the two studies shows enough differences, however, that they should be considered as two
entirely distinct studies performed in distinct, non-overlapping patient sets.

The main differences between the studies were:

e elevated PVR in the second study was defined using a threshold of 250 dynes-s/cm5 instead
of 200 dynes-s/cm5

e the second study commenced study drug prior to ending CPB, rather than in ICU
e the mean time on CPB was substantially longer in the second study
e the second study used different source concentrations of iNO and iPGI2

e the second study assessed haemodynamics at 6 different time points instead of 4

10 Among the coincidences: the subjects had the same number of patients; the incidence of sinus rhythm in the 2005
study was 8, 7 and 10 across the iPGI2,iNO iNO and NP groups, whereas the incidence of atrial fibrillation was 8, 7 and
10 in the 2006 study; the mediastinal blood loss in the two inhaled groups was exactly the same, including mean and
standard deviations (ilGI2, 640 + 220 mls;iNO iNO 580 +* 230 mls); causes of death were similar.
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o the second study used different clinical endpoints in addition to haemodynamic endpoints.
7.4.2.3.  Study design, locations and dates

The authors report that they used a randomised, double blind parallel group design to compare
the effect of iPGI2, iNO and intravenous nitroprusside on the haemodynamics and clinical
outcome of adult patients with elevated PVR undergoing mitral valve surgery.

7.4.2.4. Inclusion and exclusion criteria

Subjects were eligible if they had severe mitral valve stenosis requiring cardiac surgery,
associated with elevated pulmonary vascular resistance (PVR), defined as PVR> 250
dynes-s/cmb5.

Exclusion criteria were similar to the previous study:
e left ventricular dysfunction (ejection fraction < 30%)
e emergency operative status
e diathesis
e known coagulopathy
e thrombocytopenia
e concomitant cardiac procedures.
7.4.2.5.  Study treatments

Drugs were given just before the interruption of CPB and they were discontinued at least 60 min
after exposure. The doses of inhalational agents (iPGI2 and iNO) were not clearly stated in the
paper, but it seems likely that they were titrated to effect and varied from patient to patient. Of
more concern, the drugs used as control therapies were not clearly stated in the Methods or
Results sections (which instead referred to “intravenous vasodilators”), though the Discussion
section revealed that the control drugs were nitroprusside and nitroglycerin. This lack of detail
seriously undermines confidence in this study.

Group A: Inhaled prostacyclin (iPGI2, n = 19)

Prostacyclin was administered with a nebuliser attached to the inspiratory limb of the
ventilator. A PGI2 concentration of 15 pg/mL was prepared, and nebulisation was achieved with
an oxygen flow of 8 1/min. The final administration rate after mixing into the ventilator circuit
was not clearly stated.

Group B: Inhaled NO (iNO, n = 21)

NO was mixed in nitrogen at 400 ppm. It was delivered via a calibrated flow meter into the
inspiratory limb of the ventilator, but the target dose was not clearly stated.

Group C: Intravenous vasodilators (NP, n = 18)

The nature and identity of the intravenous dilators used as a control treatment are not clearly
stated in the Methods section, much less their doses. In the Discussion section, the following
comment appears: “Moreover, we aimed at comparing the effects of iNO and iPGI2 with respect to
intravenous vasodilator therapy (nitroglycerin or nitroprusside).” The number of subjects
receiving each IV vasodilator remains unclear. It seems likely that similar nitroprusside doses
were used in Fattouch 2006 as previously reported in Fattouch 2005.

7.4.2.6.  Efficacy variables
The haemodynamic variables monitored in this study were the same as in the previous study:

e heartrate
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e systolic, diastolic and mean arterial pressure

e cardiac index

e stroke volume

e systolic and diastolic pulmonary artery pressure, MPAP
e central venous pressure

e pulmonary capillary wedge pressure

e systemic vascular resistance

e PVR

e right ventricular ejection fraction.

None of these variables is specified as the primary efficacy variable in the study, but the text
implies that PVR and MPAP were both major variables of interest.

Haemodynamic data were recorded at six different times, with the key first on-treatment time
point being T3:

e T1, at baseline (before induction of anaesthesia)
e T2, after heparin dose

e T3, at CPB interruption (drug administration)

e T4, after protamine

e T5, at chest closure

e T6, 2 h before arrival at the intensive care unit.

It was not specified in the paper how long, after commencement of study drug, the investigators
waited before recording haemodynamic data. It was also not clear whether the change over
time within each group or the between group comparison should be considered primary.

The dose of inotropic and pressor agents administered intraoperatively was recorded for each
patient, and the average dose in each treatment group was used as an additional minor
endpoint. Other clinical endpoints reportedly included length of time on CPB, length of time
intubated and length of time in ICU. The abstract refers to “ease of weaning” as an endpoint, but
what this represents was not specified; it is likely that it refers to length of time on CPB.

7.4.2.7. Methods

The authors describe their statistical methods as follows: “Data were expressed as mean * SD.
Data were statistically analysed using standard analyses of variance (ANOVA) in conjunction with
Student-Newman-Keuls multiple comparison tests. All tests were two sided. A two-way ANOVA
(group by time) with time as a repeated measure factor was performed on the variables heart rate,
mean arterial pressure, MPAP, cardiac index, PVR and systemic vascular resistance, using the
values from postbypass to arrival at the intensive care unit. When either the groups’ effects were
significant (P < 0.05) or a significant interaction (group by time) was present, an analysis at each
time point was performed. A P value of < 0.05 was considered statistically significant.”

These statistical methods sound broadly appropriate, but they are undermined by the lack of a
clearly defined primary analysis method or primary endpoint. No sample-size estimations were
presented, so the lack of a clear difference between the two inhalational agents does not allow
any strong inferences to be drawn about the equivalence of the two drugs. As in the previous
study by the same authors, the study is described as “double blind” but techniques for
maintaining blinding were not discussed.
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7.4.2.8. Baseline data

The three treatment groups were reasonably well matched at baseline in terms of age, severity
of heart disease, as shown in Table 39. (Confusingly, the table also includes some efficacy
endpoints, including time on CPB, time spent intubated, time in ICU, time in hospital and in-
hospital mortality). Haemodynamic data were also similar in all three groups at baseline (T1),
as shown in the subsequent table under “Results”.

Table 39: Pre-operative and perioperative patient characteristics

iPGl; group (n = 19) iNO group (n = 21) Control group (7 = 18)

Age (years) B2 = 65+9 B4+7
Atrial fibrillation 8 7 10
MYHA functional class a5+05 33+06 36+04
Anticoagulant therapy 1" 14 8
Redo 2 1 (1]
Procedures

MVS 14 15 13

MVS + TVR 5 B 5

CPB (min) 77 +12" 72+14° 99 +15
Aortic cross-clamping (min} 48 =8 46 + 10 42+ 11
Bleeding (mi) 640 = 220 580 + 230 520 £ 210
Intubation (h) 18 +4.2° 20+3.1° 31 +£3.2
HCU stay (hh 45 £12° 48+ 11° 78 +38
In-hospital stay (days) 1043 9428 14+ 6
In-hospital mortality o 1 1
Reoperation for bleeding 1 o 2

CPB = cardiopulmonary bypass; ICU = intensive care unit; iNO = inhaled nitric oxide; iPGl; = inhaled prostacyclin; MVS = mitral valve surgery; NYHA = New York Heart
Association; TVR = tricuspid valve repar. "P< 0.05 for the IPGl; and iNO groups compared with the control group.

7.4.2.9. Results

The haemodynamic data in all three treatment groups and at all six time-points are summarised
in the table below. Significant changes with respect to baseline are marked with an asterisk, and
significant changes across groups (inhalational versus control) are marked with a “§” character.

Table 40: Haemodynamic data

T T2 T3 T4 5 T8
HR (b/min)
IND group 80 +23 76+ 17 106 + 15 103 + 17 108 + 16 g8 + 18
iPGl; group 76 + 190 gl£0 91+ 13 90+ 18 o1+ 18 101 + 16
Control group 82 £ 20 BO£13 g3+ 1 g8+ 12 10341 g3+ 12
MAP (mmHg)
iNO group 79 +10 78+ 89 a3+ 11 B1+8 88+ 9 85 + 11
iPGL, group B2+ 11 78+ 11 6948 79412 90+ 8 95+ 12
Control group 80 +9 B0+ B 70+12 68+ 10 70+ 12 68+ 12
MPAP (mmHg)
iNO group 3826 32+5 22+ 59 23+ 5% 20+ 39 22 + 6%
PG, group 42 £11 85+ 7 24+ 48 29 + g4 26 + g8 24 + 5%
Control group 38 =8B 33x8 a5+ 4 35x6 33+5 35+5
PCWP (mmHg)
NG group 23+8 218 16 + 8" 16+ 5" 15+ 3 16+ 4"
iPGl, group 7% +8 22+ 7 1748 18 + 6 17+ 5 18+5
Contral group M +6 2248 2M4+6 19+8 2337 21+86
C1 {I¥min)
iNO group 29404 32405 3941048 35406 414088 39+ 068
PG, group 28406 29+ 02 3.7+ 065 34403 3.7+ 06 38+ 05%
Cantrol group 28405 29+ 04 2.7+ 05 26+ 02 2.7+ 04 26+ 02
PVR (dynes-s-cm 5)
iNO group 495 +210 416 + 185 236 + 102" 211 + 95~% 235+ 1159 235 + 9%
iPGI, group 515 + 220 445 + 210 215 + 95~% 195 + 102*% 295 + 122°% 205 + 1059
Control group 475 + 216 450 + 198 367 + 205 312+ 178 355 + 185 385 + 150
SVR (dynes-zcm 5
iNO group 1720 £ 351 1404 & 541 1420 + 451 1390 + 289 1406 + 3829 1480 + 3819
iPGl, group 1800 + 407 1580 + 700 1320 + 467 1420 + 237 1320 + 331t 1310 + 353%
Control group 2074 + 592 1864 + B&2 1974 + 382 2074 + 266 2214 + 486 2274 + 486
RVEF (%)}
NG group 79 4+12 30 + 10 a6+ 8 35+ 12 a8+ 10°9% 42 + g%
iPGl, group 28 + 14 28 4+ 11 a5+ 11 34+ 11 3B+ 1149 43+ 11°%
Control group 30 +12 33+8 30+89 30+ 12 31 +8 32+ 7

Data are expressed as mean + SD. Cl = cardiac index; HR = heart rate; iNO = inhaled nitnc oxide; PGl = inhaled prostacycin; MAP = mean artenal pressure;
MPAP = mean pulmonary artery pressure; PCWP = pulmonary capillary wedge pressure; PVR = pulmonary vascular resistance; RVEF = right ventricular gection fraction;
SVR = systemic vasculer resistance; T1 = baseline (before induction of anaesthesia); T2 = after heparin dose; T3 = cardiopulmonary bypass interruption (after drug
administration); T4 = after protamine; TS = at chest desure; TE = 1 hbefore amival at the intensive care unit. "P < 0,05 at each signed time compared with T1 5P < 0,05
for the PGl and INO groups compared with the control group.
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Important observations to note are that induction of anaesthesia (T2) was associated with
moderate reductions in MPAP and PVR (relative to baseline, T1) that did not reach statistical
significance. In both inhalational groups, MPAP and PVR were significantly decreased after drug
administration (T3) compared to baseline (P < 0.05); this was not observed in the control
group. In contrast, the mean MAP increased slightly during treatment with inhalational agents;
this was not significant.

The right ventricular ejection fraction (RVEF) was significantly increased at the conclusion of
the operation (at T5 and T6) with respect to baseline (T1) in both inhalational groups, but not in
the control group. A statistically significant difference in RVEF was observed in the iNO and
iPGI2 groups compared to the control group. Similarly, in the inhalational groups, a statistically
significant increase in the cardiac indices was observed at all times on treatment (T3, T5 and
T6) compared to baseline (T1) and to the control group.

All of these significant changes are consistent with previous observations of the effects of iNO,
suggesting a relatively selective vasodilatory effect on the pulmonary circulation. No significant
differences were observed between iNO and iPGI2, suggesting that these agents might have
similar efficacy, but the power calculations were not presented. Also, it is unclear if the drugs
were used at optimal doses, because no dosing information was provided. The relative
selectivity of the two inhalational agents for the pulmonary vasculature appears broadly similar.

With respect to clinical endpoints, the authors comment: “Patients in the inhaled drug groups
were weaned easily from CPB with respect to the control group (P = 0.04) and a significant
difference was observed for time of intubation (P = 0.03) and intensive care unit stay (P = 0.02)
(Table 1)” [See Table 39, above]. Mentioning these three endpoints together, in reference to the
original Table 1 (Table 39 in this report) implies that the “ease of weaning” referred to in the
abstract was actually total time spent on CPB. Reasons for delays in the control group were not
discussed. The improvement in time spent intubated is likely to reflect more stable
haemodynamics and/or improved oxygenation, and it would be of clinical worth if sustained in
alarger population (iPGI2 18 £ 4.2 h; iNO 20 + 3.1 h; control 31 + 3.2 h).

The fact that these clinical endpoints favoured inhalational therapy in adults is generally
reassuring, and provides indirect support for the proposed indication in children, but it is not
possible to draw strong conclusions because the paper provided inadequate details about the
control intravenous therapies.

7.4.2.10. Conclusion

Overall, this was a weakly supportive paper that lacked clarity on several key aspects of its
methodology, including the doses used, but it is at least consistent with the pivotal iNO studies
performed in children, in that MPAP showed a progressive fall during treatment with iNO.

7.4.3. Gianetti 2004
7.4.3.1. Abstract

Supplemental nitric oxide and its effect on myocardial injury and function in patients
undergoing cardiac surgery with extracorporeal circulation.

Background: Cardiopulmonary bypass induces a systemic inflammatory response that may
contribute to clinical morbidity. Gaseous nitric oxide at relatively low concentrations may elicit
peripheral anti-inflammatory effects in addition to a reduction of pulmonary resistances. We
examined the effects of 20 ppm of inhaled nitric oxide administered for 8 hours during and after
cardiopulmonary bypass.

Methods and Results: Twenty-nine consecutive patients undergoing aortic valve replacement
combined with aortocoronary bypass were randomly allocated to either 20 ppm of inhaled
nitric oxide (n = 14) or no additional inhalatory treatment (n = 15). Blood samples for total
creatine kinase, creatine kinase MB fraction, and troponin I measurements were collected at 4,
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12, 24, and 48 hours post-surgery. In addition, we collected perioperative blood samples for
measurements of circulating nitric oxide by-products and brain natriuretic peptide. Soluble
P-selectin was analysed in blood samples withdrawn from the coronary sinus before and after
aortic clamping. The area under the curve of creatine kinase MB fraction (P < 0.03), total
creatine kinase (P < 0.04), and troponin I (P < 0.04) levels were significantly decreased in the
nitric oxide-treated patients. Moreover, in the same group we observed blunted P-selectin and
brain natriuretic peptide release (P < 0.01 and P < 0.02, respectively). Nitric oxide inhalation
consistently enhanced nitric oxide metabolite levels (P < 0.01).

Conclusions: Nitric oxide, when administered as a gas at low concentration, is able to blunt the
release of markers of myocardial injury and to antagonize the left ventricular subclinical
dysfunction during and immediately after cardiopulmonary bypass. The organ protection could
be mediated, at least in part, by its anti-inflammatory properties.

7.4.3.2.  Study design, locations and dates

Gianetti et al report a prospective, randomised, parallel group open label study that assessed
the effect of standard care plus iNO versus standard care alone on biochemical markers of
myocardial injury in adult subjects undergoing aortic valve replacement.

Unlike most other studies included in the submission, the focus of the study was not on
haemodynamic parameters or clinical endpoints likely to reflect pulmonary haemodynamic
function. Instead, the authors presented a discussion about the nature of myocardial
reperfusion injury after CPB, and suggested that endothelial dysfunction within the heart,
characterised by a deficiency of endothelial NO, could play a contributing role. If this hypothesis
were true, it would represent an additional mechanism of benefit with iNO therapy largely
unrelated to the proposed mechanism of action in pulmonary vasculature. This would be
expected to provide an additional rationale for using iNO in the post-operative control of
pulmonary hypertension. Because this is the only study addressing this hypothesis, and because
this study did not attempt to use iNO to modify pulmonary haemodynamics, this study should
be considered somewhat tangential to the sponsor’s application.

The study was conducted at the Pasquinucci Hospital in Massa, Italy, between July 2000 and
April 2002.

7.4.3.3. Inclusion and exclusion criteria

Subjects were eligible if they were undergoing nonemergency aortic valve replacement
combined with CPB.

Exclusion criteria included:
e active infection
e ejection fraction < 30%;
e malignancy;
e ahistory of haematologic, hepatic, or renal disorders;
e corticosteroid or a nonsteroidal anti-inflammatory treatment within the previous 7 days;
e post-operative treatment with nitrates or sodium nitroprussiate [nitroprusside].
74.3.4.  Study treatments

Subjects were randomised with equal probability to iNO (20 ppm, n = 14) or no extra
inhalational therapy (n = 15). Inhaled NO was initially mixed with nitrogen at 500 ppm, and
introduced into the inspiratory limb of the patient’s ventilatory circuit at a controlled and
monitored concentration of 20 ppm. Inhaled NO was administered at the onset of CPB, and the
cardioplegic solution circuit was designed to administer oxygenated hyperkalemic blood
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enriched with NO. Thus, unlike most other studies, iNO was used during cardioplegia. It was
also continued through CPB and for 8 hours after CPB.

All subjects also received standard care including anaesthetic and perioperative care. Surgery
was performed using mild hypothermia (32 to 35°C), and the heart was paralysed using a
retrograde, intermittent, hyperkalemic cardioplegic solution.

7.4.3.5.  Efficacy variables
All efficacy variables were based on levels of biochemical markers in blood, drawn as follows:

e indices of myocardial injury (total creatine kinase [CK], creatine kinase MB fraction [CK-
MB], and troponin [); 4, 12, 24, and 48 hours after surgery

e NO by-products (NO-2 and NO-3); prethoracotomy, 5 minutes post-aortic clamping,
5 minutes post-aortic unclamping, and 24 hours post-surgery

e brain natriuretic peptide (BNP); prethoracotomy (before heparinisation), 5 minutes
post-aortic clamping, 5 minutes post-aortic unclamping, 5 minutes post-CPB, and 4 and
24 hours post-surgery

e P-selectin; before and after cardioplegia.

None of these variables was identified as the primary variable, but the main focus of the paper
was the extent of myocardial injury, for which troponin is the most commonly accepted
biomarker.

7.4.3.6. Methods
Statistical methods were described as follows:

“All data are presented as mean #* standard error of the mean (SEM). Statistical analysis was
performed by multivariate analysis of variance for repeated measurements for a comparison
among more than 2 groups and Student t test for a comparison between 2 groups; correlation
among variables was estimated by a linear regression analysis with the aid of the Statview
statistical package (Abacus Concepts, Inc, Berkeley, Calif).”

These statistical methods appear to be appropriate, except that no correction was made for
using multiple endpoints.

7.4.3.7. Baseline data

The two groups were well matched at baseline in terms of age, gender balance, cardiovascular
risk factors and pre-operative cardiac ejection fraction, as shown in Table 41. They also
underwent CPB and aortic clamping for similar periods of time.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 107 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

Table 41: Demographic, clinical and surgical characteristics

NO group Control group

Parameter (n = 14) (n = 15)
Age (years) 70 =13 69 = 10
Gender (number of men) 9 8
Current smokers 5 5
Arterial hypertension 8 9
Creatininemia (mg/dL) L2005 1.1x07
Triglycerides (mg/dL) 128 = 41 133 =53
LDL cholesterol (mg/dL) 106 = 40 102 = 35
Type-2 diabetes 3 4
Number of coronary artery disease 2x10 2+09
Parsonnet index (23) 3.2 26 =08
Preoperative ejection fraction (%) 57 =9 54 =9
Time of extracorporeal circulation 107 = 40 110 = 35
(min)

Time of aortic clampage (min) 76:*:12 78 = 16
Time of intubation (h) 14+6 14+5
Time in intensive care unit (h) 35221 35+ 16

LDL, Low-density lipoprotein; NO, nitric oxide.
7.4.3.8. Results

As expected, assays for NO by-products showed increased levels of these in iNO recipients, but
the control group also had NO by-products in blood, consistent with endogenous production
and the difference between the groups was modest, as shown in Figure 33. In this figure and all
subsequent figures reproduced from the paper, reference is made to an asterisk as a marker of
statistical significance, but no asterisk appears in the figure; these appear to have been lost
during editing of the original paper. The text of the paper indicates that comparison between
iNO and control groups showed a significant overall difference in NO by-products (P = 0.01).

Figure 33: NO by-products
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Results of colorimetric assay for NO by-products (N0 2
and NO>) on blood samples peripherally drawn at prefixed
perioperative intervals: T1, prethoracotomy; T2, 5 minutes after
aortic clamping; T3, 5 minutes after aortic unclamping; T4, 24
hours after surgery. Data shown are mean = SEM for patients
who received NO (lighter blocks) and for controls (darker blocks).
*P < .05.

For the main analysis of myocardial injury, the authors presented CK and CK-MB at individual
time-points, as well as the overall area under the curve (AUC) for both markers. Troponin 1 data
was only presented in terms of total AUC. Quantitative results were not reported in the text, but
only illustrated in figures, as shown below; significance was supposed to be marked with
asterisks but these were missing.
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The authors note that markers of myocardial injury increased throughout the first 24 hours
after surgery, but the increase was reduced in the iNO group. Total CK release was significantly
lower in the iNO group at 24 and 48 hours (P =.02; Figure below, Part, A), and cumulative
release (AUC) was also lower (P =.04; Figure below, Part B). Similar observations were made
for peak levels of CK-MB at 24 hours (P =.01) and at 48 hours (P =.01; Figure below, Part C),
and the AUC (P =.03; Figure below, Part D). The AUC of troponin I was also lower in the iNO
group than in the control group (P =.04; subsequent figure).

Figure 34: CK and CK-MB release
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(C) and by measurements of the cumulative release (AUC) of total
CK (B) and CK-MB (D) over 48 hours postsurgery. Data shown are
mean = SEM for patients who received NO (lighter blocks) and
for controls (darker blocks). *P < .05.

Figure 35: Troponin I release
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tients by measurements of the release of total troponin | over 48
hours postsurgery. Data shown are mean = SEM for patients who

received NO (lighter blocks) and for controls (darker blocks). *P
< .05.

The authors also assessed endothelial activation using the biomarker P-selectin, which they
interpreted as an important mediator of the inflammatory cascade associated with reperfusion
injury. The results were illustrated in terms of the gradient (difference) between P-selectin
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levels before and 5 minutes after aortic clamping (B, upper part of figure), and as actual values
of P-selectin (A, lower part). The rise in P-selectin was significantly reduced in the iNO group (p
=0.02).

Figure 36: P-Selection levels before and after aortic clamping
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Analysis of early endothelial activation in CPB patients
by measurements of soluble P-selectin in blood samples taken
from coronary sinus before and 5 minutes after the end of aortic
clamping (A). Gradient of soluble P-selectin between pre—/post-
aortic clamping in both patients groups are illustrated (B). Data
shown are mean = SEM for P-selectin measurements for patients
who received NO (lighter blocks) and for controls (darker blocks).
*P < .05.

The authors also presented levels of brain natriuretic peptide (BNP), which is a biomarker of
left ventricular dysfunction. The results were normalised according to baseline values, as
follows: “To normalize the basal values (T1), we analysed the gradient of BNP release as
measured by the percent of the ratio between the levels at each time (T2-T6) compared with T1
[see figure].” They demonstrated a statistically significant difference at T5 (P =.02), with lower
levels in the iNO group than the control group (249 + 71 versus 311 + 141 pg/mL).
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Figure 37: BNP gradients
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< .05.

7.4.3.9. Conclusion

This small study (n = 29) had an acceptable design and the results were positive. It investigated
a different patient group than that proposed for registration (adults rather than children), and
the proposed benefits of iNO occurred in a completely different vascular bed (the myocardium
rather than the pulmonary circulation) compared to the proposed mechanism of action.
Nonetheless, the study raises the possibility that iNO might be beneficial in the CPB setting for
reasons other than its claimed effects on the pulmonary vasculature. The results would need to
be replicated in a larger study and repeated in the target population before the study could be
considered directly supportive of the sponsor’s submission.

7.4.4. Schmid 1999
7.4.4.1. Abstract

Inhaled Nitric Oxide Versus Intravenous Vasodilators in Severe Pulmonary Hypertension After
Cardiac Surgery.

Inhaled nitric oxide (iNO) is superior to IV vasodilators for treatment of pulmonary
hypertension (PH) after cardiac surgery, but iNO is a potentially toxic gas, and patient subsets
who benefit from iNO are not yet clearly defined. We administered iNO 40 ppm, prostaglandin
E1 (PGE1) 0.1 pg-kg-1'min-1, and nitroglycerin (NTG) 3 to 5 pg kg-1'min-1, in a randomized
crossover study to 14 adult patients with severe PH after cardiac surgery. iNO, PGE1, and NTG
were of similar efficacy in reducing pulmonary vascular resistance (P = 0.003). iNO induced
selective pulmonary vasodilation, while PGE1 and NTG had significant concomitant systemic
vasodilatory effects. iNO led to an increase in cardiac index (CI) (P = 0.012), and PGE1 increased
CI (P = 0.006) and right ventricular (RV) ejection fraction (P = 0.015), while NTG had no effect
on CI and RV performance. After study completion, patients continued with PGE1
administration with favourable in-hospital outcome. We conclude that PH per se, even if severe,
does not necessarily imply post-operative RV dysfunction, and selective pulmonary vasodilation
with iNO may not be superior to PGE1 with regard to CI and RV performance. Implications: In a
prospective, randomized crossover study of inhaled nitric oxide (iNO) versus IV vasodilators,
performed in adult patients with severe pulmonary hypertension but preserved right
ventricular function after cardiac surgery, iNO was not superior to IV prostaglandin E1 with
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regard to cardiac index and right ventricular performance. Considering the potential toxicity of
iNO, better definition of patient subsets with a positive benefit/risk ratio is warranted.

7.4.4.2.  Study design, locations and dates

Schmid et al used an open label, randomised crossover design to assess the haemodynamic
response to 3 vasodilatory agents (iNO, intravenous prostaglandin E1 [PGE1], and intravenous
nitroglycerin [NTG]) in 14 adult subjects who had elevated PVR after cardiac surgery.

Administration of vasodilators occurred within the first 24 hours of the ICU admission, and at
least one hour after cessation of routine perioperative intravenous PGE1. The three agents were
given in a random sequence and the haemodynamic response to each agent was compared to
the individual baseline haemodynamic status immediately prior to administration of that agent.

The study was performed in the University Hospital of Zurich, Switzerland, in the lead up to
publication in 1999.

7.4.4.3. Inclusion and exclusion criteria

Potential subjects were adults with severe pulmonary hypertension (PH) prior to cardiac
surgery. To be eligible, subjects had to demonstrate persistence of PH after cardiac surgery,
defined as MPAP > 30 mm Hg or PVR > 300 dyne-sec-cm-5.

Surgical procedures differed among subjects, and included coronary artery bypass grafting,
atrial septal defect repair, tricuspid valve annuloplasty, mitral valve repair, pulmonary artery
thromb-endarterectomy, and sub-endocardial resection.

Subjects also required stable post-operative haemodynamics to allow repeated withdrawal of
vasodilators and reassessment of baseline values, without hemodynamic interventions during
the crossover period, such as fluid boluses or inotropic support.

Patients were excluded if they required mechanical circulatory assistance or if they had
echocardiographic evidence of significant pulmonary or tricuspid valve regurgitation.

7.4.4.4.  Study treatments

Subjects received all three agents, in random sequence: iNO 40 ppm, PGE1 0.1 pg-kg-1-min-1, and
NTG, 3 to 5 mg-kg-1-min-1. The agents were administered for 15 to 20 min each, followed by a
washout period of at least 20 min to allow haemodynamic variables to return to baseline.

NO was delivered from a tank containing 1000 ppm NO diluted in nitrogen, via a calibrated
flow-meter and a nebuliser circuit, diluted to 40 ppm, with standard monitoring in place for NO,
and metHb.

In other respects, patients received standard perioperative care, which varied according to the
individual case. Patient sedation consisted of propofol and morphine (11 patients) or
midazolam and alfentanil (2 patients) or midazolam and fentanyl (1 patient), which was
continued at constant infusion rates. During administration and washout, no other
interventions were performed that could modify the patients’ haemodynamics, and ventilator
settings were kept constant.

7.4.4.5.  Efficacy variables
The following variables were directly measured:
e heartrate (HR)
e mean systemic arterial pressure (MAP)
e MPAP
e (VP
e pulmonary capillary wedge (PCWP) pressure
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e cardiac output (CO)

e RVEF (if applicable)

e arterial and mixed venous pH

e partial pressures of carbon dioxide, oxygen, arterial and mixed venous oxygen saturations
e haemoglobin and MetHb.

From these variables, the following derived variables were calculated using standard formulas:
e transpulmonary pressure gradient (TPG = MPAP - PCWP)

e PVR

e SVR

e PVR/SVRratio

e right coronary artery perfusion pressure (PRCA = MAP - CVP)

e cardiacindex (CI)

e oxygen delivery index (DO2I)

e oxygen consumption index (VO-I)

e oxygen extraction ratio (0zext)

e intrapulmonary shunt fraction (Qs/Qt)

o theratio of arterial partial pressure of oxygen to inspired oxygen fraction (PaO./FiO2).

The authors did not indicate that any single variable was considered primary, but the focus of
the paper was on the ability of the vasodilators to reduce PVR, the pulmonary selectivity of the
agent as reflected in the PVR/SVR ratio, and the effect on right ventricular and overall cardiac
function as reflected in RVEF and CI.

7.4.4.6. Methods

The authors describe their statistical methods as follows: “Values are presented as median and
percentile. Comparison of treatments were performed using the Friedman test, followed by
pairwise Wilcoxon Signed Rank tests with Bonferroni correction. For the Friedman test, a P value
< 0.05 was considered significant. For the post hoc comparisons (by the Wilcoxon Signed Rank
test), P values were multiplied by 3 and considered significant if P, 0.05 after multiplication
(Bonferroni correction).”

This approach seems reasonably appropriate, with a clear mechanism for correcting for the
multiple between group comparisons performed on each variable. The authors did not,
however, perform any adjustment for the large number of different variables being assessed.
Also, the authors failed to perform any sample size estimations or to consider the statistical
power of their analysis, so it is not possible to draw strong conclusions about the equivalence of
the different agents where statistical differences were not found. Finally, there was no attempt
to present 95% Cls, so the upper and lower plausible limits for each effect are not clear.

When assessing the effect of each treatment, the authors used the individual baseline values
observed prior to onset of that treatment.

7.4.4.7. Baseline data

Baseline data and basic peri-operative information is shown for each subject below. The
subjects underwent a broad range of cardiac procedures but all had substantial elevations of
PVR post-operatively.
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Table 4.2: Patient characteristics

) MPAP PVR PG
Patient (mm Hg) (dyne « sec - cm %) (mm Hg) PVR/SVR = ;
no., sex, Type of = Catecholamines
age (yr)  surgery Preop Postop” Preop Postop® Preop Postop” Preop Postop® (ug-kg '-min") Outcome
F.76 MVR 45 36 447 629 12 28 0.12 045 Dobutamine 4.5 Survived
norepinephrine 0.1
F, 66 MVR 57 41 615 524 27 31 022 046 Dobutamine 5.1 Survived
IF, 41 MVC 54 46 1097 BR8 48 28 044 0.50 — Survived
M, 64 HTX 37 34 449 320 23 22 040 026 Dopamine 4.7 Died of gastric
cancer 19 mo after
hospital discharge
M, 63 AVR, CABG 53 27 526 309 23 17 0.32 033 Dobutamine 4.5 Stermal wound
infection, survived
F, 26  ASD closure, 38 52 694 1215 M 45 062 0.79 - Survived, persistent
TVA PH
M, 67 MVRP, TVA 49 42 767 467 3 30 032 043 Norepinephrine 0.1  Survived
, 69  MVRP 42 36 335 33 18 20 0.3 035 Dobutamine 2.6 Died 3 mo after
dopamine 1.3 hospital discharge
IF.25 PTEA, PA n.a. 33 na. 349 na. 20 n.a. 024 Dopamine 3.9 Survived
plasty norepinephrine
0.06
M, 32 PTEA 67 86 1517 904 62 73 0.80 080 Dopamine 2.1 Survived, lung
norepinephrine 0.8 transplantation
after 2 yr
F. 64 MVRP 47 45 580 531 37 38 0.39 042 Dobutamine 2.7 Survived
F. 69 MVRP, Maze 49 27 586 300 28 18 0.35 021 Dopamine 2.9 Survived
F.32 SER,TVA 40 50 512 437 16 27 0.30 037 Dobutamine 2.0 Survived
dopamine 3.0
norepinephrine 0.1
F, 62 MVR 48 52 829 (i 31 41 044 069  Dobutamine 6.0 Survived
L | norepinephrine 0.2

MPAP = mean pulmonary antery pressure, PVR = pulmonary vascular resistance, TPG = transpulmonary pressure gradient, PYR/SVR = PVR/systemic
vascular resistance ratio, MVR = mitral valve replacement, MVC = mitral valve commissurotomy, HTX = heart transplantation, AVR = aortic valve replacement,
CABG = coronary artery bypass grafting, ASD = atrial septal defect, TVA = tricuspid valve annuloplasty, PH = pulmonary hypertension, MVRP = mitral valve
repair, FTEA = pulmonary artery thrombendarterectomy, PA = pulmonary artery, SER = subendocardial resection.

* At first postoperative baseline, na. = not available

7.4.4.8. Results

The haemodynamic results are shown in the table below, with the subsequent table showing the
effects of each agent on oxygenation. Significant differences relative to baseline or between
groups are marked with symbols, as described in the legend, but the meaning of the § symbol
was not provided.

All three agents produced a significant reduction in MPAP, as expected (p < 0.01), and all were
effective in reducing PVR and TPG (p = 0.003). They differed in their effect on the systemic
circulation: iNO did not produce a significant change in MAP or SVR, but PGE1 and NTG both
produced a similar decrease in MAP (p = 0.003) and a reduction in SVR (p < 0.005). Accordingly,
the median PVR/SVR ratio decreased with iNO (p = 0.003), confirming pulmonary selectivity,
but it was unchanged with PGE1 and NTG. The authors report that serious systemic
hypotension occurred with NTG in three patients and with PGE1 in two patients, consistent with
a lack of pulmonary selectivity for these agents when administered intravenously.

Left atrial pressure as estimated from PCWP was not modified by iNO, but it decreased with
both PGE1 (p = 0.01) and NTG (p = 0.003). CVP was reduced with all three vasodilators

(p < 0.015), but the reduction in CVP was more marked with NTG than with PGE1 or iNO and
the difference was significant (p = 0.003). Perfusion of the right coronary artery (PRCA) was not
affected by iNO, but there were significant reductions of PRCA with NTG and PGE1 (p = 0.003).

In terms of overall cardiac function, both iNO and PGE1 produced a significant increase in CI
(p =0.012 for iNO and p = 0.006 for PGE1) and Stroke Volume Index (p < 0.005). By contrast,
NTG was not associated with a significant change in CI or HR.

Right ventricular ejection fraction (RVEF) increased significantly with PGE1 (p = 0.015), but the
changes in RVEF were not significant for iNO or NTG. The differences between groups for this
variable were not statistically significant and the median changes in the iNO and PGE1 groups
were actually the same. This broadly suggests that PGE1 and iNO might have similar effects on
RVEF, but the study was not specifically powered to address this question.
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Table 43: Effects of INO, PGE1, and NTG on systemic and pulmonary haemodynamics

Baseline iNO Baseline PGE; Baseline NTG
MAP (mm Hg) 76 75 71 58% 75 56%f
(66, 99) (65, 100) (62, 96) (49, 72) (62, 100) (48, 71)
MPAP (mm Hg) 38 an 33 28* 35 26§
(26, 55) (23, 50) (25, 54) (21, 47) (27, 55) (22, 47)
PCWP (mm Hg) 12 12 11 9t 11 i -
(7, 17) (6, 16) (7, 18) (4, 15) (5,13) (7, 17)
CVP (mm Hg) 12 11+ 11 9* 11
(7, 15) (7, 13) (7, 14) (6, 12) (8, 14) (4, 10)
CI(L-min '-m ¥ 29 3.1t 28 3.3+ 28 28
(2.0,33) (2.3, 35 (2.1, 3.4) (24, 3.6) (2.0, 3.3) (2.1, 35)
HR (min™ ') 92 G2 .
(81, 1209 (79, 116) (80, 111) (82, 122) (97, 118) (82, 128)
SVI (mL-m ) 29 G Y 20 31+ 20 28
(22, 38) (25, 40) (24, 38) (25, 43) (23, 38) (21, 38)
RVEF (%) 21 23 21 23t 21 25
(17. 32) (18, 34) (18, 29) (20, 36) (17, 30) (18, 37)
PRCA (mm Hg) 67 67 61 48*% 65 493
(54, 87) (54, 91) (50, 88) (38, 65) (49, 91) (39, 66)
PVR (dyne - sec - ecm » 452 37 391 209+ 394 334
(280, 931) (226, 797) (266, 917) (201, 675) (294, 878) (216, 714)
SVR (dyne - sec - cm %) 1163 1074 1164 804*% 1190 913*¢
(950, 1464) (868, 1550) (871, 1384) (561, 1095) (928, 1517) (598, 1215)
PVR/SVR 0.40 0.29* 0.33 0.37¢ 0.36 0.36%
(0.25, 0.75) (0.21, 0.64) {0.26, 0.81) (0.27,0.76) (0.25,0.71) (0.26, 0.81)
TPG (mm Hg) 27 20* 22 19* 22 19*
(16, 47) (14, 42) (15, 43) (14, 37) (17, 45) (15, 38)
Values are median (10", 0™ percentile).

Analysis refers to changes from individual baseline, and P values have been multiplied by 3 (Bonferroni correction). Note absence of significant differences
between baseline values.

PGE, = prostaglandin E,, NTG = nitroglycerin, iNO = inhaled nitric oxide, MAI" = mean arterial pressure, MPAP = mean pulmonary artery pressure,
PCWP = pulmonary capillary wedge pressure, CVP = central venous pressure, Cl = cardiac index, HR = heart rate, SVI = stroke volume index, RVEF = right
ventricular gjection fraction, PRCA = right coronary artery perfusion pressure, PYR = pulmonary vascular resistance, SVR = systemnic vascular resistance, TPG =
transpulmonary pressure gradient.

* P < 0,01 versus baseline.

1P < 005 versus baseline.

1P < 0.05 versus iNO.
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Figure 38: Changes from baseline in haemodynamic variables
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Changes from individual baseline (4, absolute values) for
pulmonary (PVR) and systemic vascular resistances (SVR), pulmo-
nary capillary wedge (PCWP), right atrial pressures (CVP), and
cardiac index (CI) induced by inhaled nitric oxide (iNO) 40 ppm,
prostaglandin E, (PGE,) 0.1 pg - kg™ ' - min~', and nitroglycerin
(NTG) 3-5 pg - kg ' - min_ ".Data are shown as box plots with the
10th, 25th, 50th (median), 75th, and 90th percentiles; points repre-
senting values above the 90th and below the 10th percentiles.

With respect to changes in oxygenation, the results during iNO therapy appeared favourable
overall. No significant changes in intrapulmonary shunt fraction (Qs/Qt) or Pa0O,/FiO; ratio
were observed with iNO, but PGE1 and NTG both produced adverse changes: an increase in
Qs/Qt (p =0.006 for PGE1 and p = 0.014 for NTG) and a decrease in Pa0O,/FiO; (p < 0.005).
Inhaled NO also significantly increased DOl (p = 0.039), whereas PGE1 led to a significant
reduction in Ozext (p = 0.045). These changes in shunting and oxygenation were not
significantly different across treatment groups, but they are consistent with previous
suggestions that iNO improves ventilation-perfusion matching, producing greater vasodilation
in those parts of the lung where the inhaled agent has better access.
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Table 44: Effects of INO ,PGE1 and NTG on oximetric and gas exchange data

Baseline iNO Baseline PGE, Baseline NTG
Pao,/Fio, 309 264 203 239+ 305 2571
(157, 377) (158, 326) (161, 406) (123, 291) (146, 420) (150, 314)
Pao, (mm Hg) 120 105 120 105* 113 105+
(90, 150) (83, 128) (83, 165) (68, 113) (90, 165) (75, 128)
Paco, (mm Hg) 33.8 2.3 33.0 33.0% 338 32.3%
(30, 36) (28.5, 33.8) (30.1, 36.8) (30, 38.3) (30.1, 36) (29.3, 36)
Svo, (%) 68 68 68 69 67 67
(55, 75) (58, 75) (58, 74) (60, 75) (56, 74) (56, 73)
DOl (mL - min ' - m %) 325 355t 331 342 334 331
(261, 390) (245, 451) (236, 448) (258, 446) (247, 412) (242, 402)
VO,I (mL « min Tem ™3 110 110 104 103 114 109
(86, 129) (86, 153) (90, 155) (90, 133) (1, 129) (85, 123)
O.ext (%) 32 30 31 30t 33 33
(25, 45) (25, 42) (27, 41) (24, 39) (26, 44) (27, 44)
Qs /0t (%) 16 17 15 20 15 19+
(10, 22) (12, 26) (11, 23) (13, 29) (10, 24) (12, 28)
MetHb (%) 0.65 1.08* 0.65 0.631 0.65 0.70%
(0.50,0.81)  (0.80,1.42)  (0.40,091)  (0.23,087)  (0.55,092)  (0.60, 1.0)

Values are median tlil"‘, giph percentile).

Analysis refers to changes from individual baseline, and P values have been multiplied by 3 {Bonferroni correction). Note absence of significant differences
between baseline values.

PGE; = prostaglandin E;, NTG = nitroglycerin, iNO = inhaled nitric oxide, Pao: = partial pressure of oxygen, Fio: = fraction of inspired oxygen, Paco; =
partial pressure of carbon dioxide, Svo, = mixed venous oxygen saturation, DO,] = oxygen delivery index, VO,1 = exygen consumption index, Oyext = oxygen
extraction ratio, Qs/Qt = intrapulmonary shunt fraction, MetHb = methemoglobin.

* P = 0,01 versus baseline.

t P = (.05 versus baseline.

1 P < 0.05 versus iNO,

Figure 39: Changes in derived variables
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** n<0.01 vs. baseline
*  p<0.05 vs. baseline

Changes from individual baseline (£, absolute values) for
oxygen delivery index (DO,I), oxygen extraction ratio (O,ext), and
intrapulmonary shunt fraction (Qs/Qt), induced by inhaled nitric
oxide (iNO), prostaglandin E, (PGE,), and nitroglycerine (NTG).
Data are shown as box plots with the 10th, 25th, 50th (median), 75th,
and 90th percentiles; points representing values above the 90th and
below the 10th percentiles.

7.4.4.9. Conclusion

Overall, the haemodynamic results confirm that iNO produces selective pulmonary vasodilation,
with resulting improvements in cardiac output in the setting of adult cardiac surgery. The study
raises the possibility that PGE1 might be similarly effective at reducing PVR and improving
cardiac output, despite the lack of pulmonary selectivity, but this agent lowered mean arterial
pressure and produced severe hypotension in two patients. NTG lowered PVR at the expense of
causing lowered MAP, and produced three cases of severe hypotension. Of the three agents
tested, iNO would appear to be the preferred agent when pulmonary selectivity is important,
but intravenous PGE1 could be useful in other contexts.
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7.4.5. Winterhalter 2008
7.4.5.1. Abstract

Comparison of Inhaled Iloprost and Nitric Oxide in Patients With Pulmonary Hypertension
During Weaning From Cardiopulmonary Bypass in Cardiac Surgery: A Prospective Randomized
Trial.

Objective: The objective of this study was to compare the efficacy of inhaled iloprost and nitric
oxide (iNO) in reducing pulmonary hypertension (PHT) during cardiac surgery immediately
after weaning from cardiopulmonary bypass (CPB).

Design: A prospective randomized study.
Setting: A single centre university hospital.

Participants: Forty-six patients with PHT (mean pulmonary artery pressure (mPAP)
> 26 mm Hg pre-operatively at rest, after anaesthesia induction, and at the end of CPB)
scheduled to undergo cardiac surgery were enrolled.

Interventions: Patients were randomly allocated to receive iloprost (group A, n = 23) or iNO
(group B, n = 23) during weaning from CPB.

Measurements and Main Results: Heart rate, mean arterial pressure, central venous pressure,
pulmonary artery pressure (PAP), pulmonary capillary wedge pressure, and left atrial pressure
were recorded continuously. [loprost and iNO were administered immediately after the end of
CPB before heparin reversal. Both substances caused significant reductions in mean PAP
(mPAP) and pulmonary vascular resistance (PVR) and significant increases in cardiac output 30
minutes after administration (p < 0.0001). However, in a direct comparison, iloprost caused
significantly greater reductions in PVR (p = 0.013) and mPAP (p = 0.0006) and a significantly
greater increase in cardiac output (p = 0.002) compared with iNO.

Conclusions: PHT after weaning from CPB was significantly reduced by the selective pulmonary
vasodilators iNO and iloprost. However, in a direct comparison of the 2 substances, iloprost was
found to be significantly more effective.

7.4.5.2.  Study design, locations and dates

Winterhalter et al used a randomised, prospective, parallel group study (n = 46) to compare the
haemodynamic efficacy of iNO and inhaled iloprost in adults with pulmonary hypertension
undergoing cardiac surgery and CPB. Blinding was not explicitly mentioned in the paper, but it
is strongly implied that the study was open label.

7.4.5.3. Inclusion and exclusion criteria

Subjects were eligible if they were adult patients with pulmonary hypertension (MPAP > 26 mm
Hg) scheduled to undergo cardiac surgery with CPB. Eligibility had to be confirmed (MPAP> 26
mm Hg) at 3 consecutive time points: pre-operatively at rest, after anaesthesia induction at rest
and immediately after the end of CPB.

Subjects were excluded if they were undergoing heart or lung transplantation or received a left
ventricular assist device, or showed MPAP < 26 mm Hg at any of the specified time-points.
Three of 49 subjects initially enrolled were subsequently rejected because of inadequate MPAP.

7.4.5.4.  Study treatments
Subjects were randomised equally to iloprost (group A, n = 23) or iNO (group B, n = 23).

In Group A, 20 pg of aerosolized iloprost (Ventavis) in 2 mL of NaCl were administered for 4 to 6
minutes immediately after separation from CPB.
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In Group B, iNO was delivered at 20 ppm, starting immediately after separation from CPB and
continuing until soon after arrival in the ICU, when the iNO was stopped as rapidly as possible,
allowing for the possibility of a rebound effect.

In addition to randomised inhaled vasodilators, subjects received standard anaesthetic and
perioperative care, which included patients’ regular cardiac medication pre-operatively,
premedication with oral midazolam, anaesthesia induction with etomidate, fentanyl, and
cisatracurium, and maintenance of anaesthesia with sevoflurane and propofol. Depending on
the clinical situation, patients were weaned from CPB with alpha- and beta-adrenergic
sympathomimetics and intravenous vasodilators (nitrates) in accordance with institutional
standards. (The use of systemic nitrates could have partially masked the response to iNO). The
authors used dobutamine and epinephrine (adrenaline) as needed for contractility problems. In
the event of impending right-heart failure, inhaled vasodilators were used.

7.4.5.5.  Efficacy variables

Heart rate, mean arterial pressure (MAP), CVP, PAP, pulmonary capillary wedge pressure
(PCWP), left atrial pressure (LAP) and cardiac output (CO) were recorded continuously. PVR
and systemic vascular resistance (SVR) were calculated using standard formulas. MPAP was
designated as the primary efficacy variable, and the paper also focussed on PVR and CO.

The following time points were studied:
e T1: after anaesthesia induction
e T2:immediately after the end of CPB (start of iloprost [1 single dose]/iNO administration)
e T3: 30 minutes after start of treatment; and
e T4:on arrival in the ICU (90 minutes after start of treatment).
7.4.5.6.  Methods
The authors described their statistical approach as follows:

“Data are presented as frequencies for qualitative data and as mean values * standard deviations
for quantitative data, together with the median for skewed distributions. Groups were compared
by using the chi-square test for qualitative data and the 2-tailed unpaired t test or Mann-Whitney
U test for quantitative data.

A linear mixed model for repeated measures was applied for the hemodynamic data, with time
point (T1-T4) and treatment as fixed factors and the patient as random factor. Residuals were
assumed to be independent but with unequal variances. The fixed factors were modelled according
to the study design; differences between the treatment groups were incorporated into the model
only after the start of treatment (that is, from T3 onward). Thus, the treatment differences at T3
and T4 may be interpreted as differences in changes after TZ2. Specific contrasts were computed to
analyse time effects separately for each treatment group. The Proc Mixed procedure (SAS 9.1; SAS,
Cary, NC) was used to conduct the analysis. All tests were applied at the local significance level of
p<0.05”

Thus, the main analysis method was a linear mixed model for repeated measures, effectively
using T2 as the main baseline. The authors did not mention any correction for the use of
multiple efficacy variables, but they did designate PAP as the single primary endpoint.

The authors performed power estimations suggesting that the sample size of 23 per group
would produce a power of 90% when applying a 2 tailed t test at a significance level of p < 0.05,
with an effect size of 5 mm Hg for PAP. The study easily achieved significance for its major
endpoints, indicating it was adequately powered.
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7.4.5.7. Baseline data

The two treatment groups showed acceptable matching at baseline for key demographic and
medical characteristics, as well as intra-operative details, as shown in the tables below. There
was a trend to increased use of beta-blockers in the iloprost group (p = 0.07), which could have
partially confounded the results.

Table 4.5: Baseline characteristics

Variables lloprost Group (n = 23) iNO Group (n = 23] P Value
Age (y), mean + SD 69+ 8 68 + 10 =0.2
Male, n (%) 16 (69.6) 17 (73.9) ~0.2
Body mass index (m?), mean = SD 27 x3 2T7=4 =0.2
Ejection fraction (%], mean = 5D 43 =17 |=12 =0.2
Arterial hypertension,* n (%) 18 (78.3) 16 (69.6) =0.2
Pulmonary hypertension,t n (%) 23(100) 23(100) =02
Diabetes mellitus, n (%) 7(30.4) 41(17.4) =0.2
Smoking, n (%) 10 (43.5) 11(47.8) =0.2
Chronic obstructive pulmonary disease, n (%) 6(26.1) 3013 =>0.2
Hypercholesterolemia, n (%) 10 (43.5) 14 (60.9) =0.2
Obesity (BMI =30) 3(13) 4117.4) =0.2
Family history of myocardial infarction, n (%) 1(4.3) 2(8.7) =0.2
Coronary heart disease, n (%) 18(78.3) 17(73.9) =0.2
History of previous myocardial infarction, n (%) 11 (47.8) 10(43.5) =0.2
Atrial fibrillation, n (%) 8(34.8) 6(26.1) =0.2
Dilated cardiomyopathy, n (%) 2(8.7) 010) =0.2
Ischemic cardiomyopathy, n (%) 2087 01 =0.2
EuroSCORE, mean = 5D 92+22 11.1x23 0.007
Mitral valve regurgitation, n (%) 18 (78.3) 19 (82.6) =0.2
Mitral valve stenosis, n (%) 3113} 11(4.3) =>0.2
Aortic valve regurgitation, n (%) 6(26.1) 71(30.4) =0.2
Aortic valve stenosis, n (%) 10 (43.5) 6126.1) =0.2
Tricuspid valve regurgitation, n (%) 12(52.2) 5(21.7) 0.03
Pulmonary valve regurgitation, n (%) 1i4.3) 010} =0.2
Chronic preoperative medications
B-Blockers, n (%) 17(73.9) 11(47.8) 0.07
Antiarrhythmic agents, n (%) 313) 114.3) =0.2
Calcium channel inhibitors, n (%) 1(4.3) 71(30.4) 0.02
ACE inhibitors, n (%) 13 [56.5) 10143.5) =>0.2
Platelet aggregation inhibitors, n (%) 12 (52.2) 11147.8) =02
Clopidogrel, n (%) 71304} 5(21.7) =0.2
Diuretics, n (%) 16 (69.6) 14 (60.9) =0.2
Digoxin, n (%) % 114.3) 30130 =0.2
Statins, n (%) 14 (60.9) 10143.5) >0.2
Mitrates, n (%) 4(17.4) 3(13.0) =0.2
Oral antidiabatic drugs, n (%) 5(21.7 1(4.3) 0.08
Insulin, n (%) 2(8.7) 4117.4) =0.2

Abbreviations: BMI, body mass index; ACE, angiotensin-converting enzyme; SD, standard deviation.
*Systolic arterial blood pressure =160 mmHg.
tMean pulmonary blood pressure =26 mmHg.
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Table 46: Intraoperative characteristics

Variables loprost Group (n = 23) iNO Group (n P Valua
Arterial grafts, n (%) 11 147.8) 9(39.1) =0.2
Venous grafts, n (%) 10 (43.5) 13 ({56.5) 0.1
Reoperation, n (%) 218.7) 5(21.7) =0.2
CPB time (min) 120 = 36 127 = 65 =>0.2
X-clamp time {min), mean = 5D 69 =23 60 = 30 =0.2
Operation time {min), mean = SD 296 = 68 315+ 97 =0.2
Double valve replacement, n (%) 5121.7) 2(8.7) =0.2
CABG, n (%) 3(13.0) 4(17.4) 0.2
Combined CABG and valve operation, n (%) 12 (52.2) 11(47.8) =0.2
TV reconstruction, n (%) 3013.00 114.3) -0.2
AV replacement, n (%) 9139.1) 6126.1) =0.2
MV replacement, n (%) 5(21.7) 8(34.8) =0.2
MYV reconstruction, n (%) B(34.8) 5(21.7) =0.2
Fentanyl (mg] 25=06 24=09 ~0.2
Propofol (g) 1.2+0.6 1.2+056 =0.2
Cisatracurium (mg) 41+6 41 =5 =0.2

Abbreviations: CABG, coronary artery bypass graft surgery; X-clamp time, aortic cross-clamp time; AV, aortic valve; MV, mitral valve; TV,
tricuspid valve; SD, standard daviation.

7.4.5.8. Results

Substantial and statistically significant changes were noted for a number of haemodynamic
variables from T2 to T3, and from T2 to T4, particularly the key parameters MPAP, PVR, SVR
and CO. Both inhalational agents produced a major, significant reduction in MPAP and PVR, but
the reduction in MPAP and PVR was greater with iloprost, particularly at T3 (between group
MPAP difference, p = 0.006; PVR difference, p = 0.013). The mean MPAP was the same in each
group at T4, and the difference in PVR favoured iloprost at T4 but was no longer significant. In
the absence of a placebo group, it is unclear to what extent recovery from surgery contributed
to these improvements.

The reductions in SVR were also more marked in the iloprost group, which could be of concern
in hypotensive patients; the between group difference was significant at the T3 time-point.

Cardiac output (CO) showed steady improvement across the time-points from T2 to T4, and this
was highly significant in both treatment groups. CO was significantly better at both T3 and T4 in
the iloprost group than the iNO group, suggesting that this drug could be superior to iNO in this
patient group.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from
the Clinical Evaluation Report Final 15 May 2017

Page 121 of 228



Therapeutic Goods Administration

Table 47: Haemodynamic and pulmonary data

T T2 T3 Ta T2—T3 T2-T4
Variable Group Mean = SD Mean = 5D Mean = 5D Mean = SD ot [
mPAP (mmHg) lloprost 33=7 N=6 22=4 26=7 =0.0001 0.0001
iNO 35+9 294 h+h 25+ 8 =0.0001 0.0007
p* 0.0006 =0.2
PVR (dynes - sec - cm-%) lloprost 419 = 163 455 = 373 161 = 131 172 £ 127 <0.0001 <0.0001
iNO 409 = 1 450 = 264 239+ 118 214 =14 <0.0001 <0.0001
p 0.013 ~0.2
SVR (dynes - sec -cm 5} lloprost 1424 = 434 1,594 = 964 963 + 433 1,081 + 434 =0.0001 <0.0001
iNO 1,464 = 90 1,947 = 1,005 1,253 = 398 1,212 = 556 0.0002 <0.0001
p 0.016 =0.2
CO (L'min) lloprost 38=11 39=15 E5+18 65+18 <0.0001 <0.0001
iNO 39+11 3212 49+17 49+17 <0.0001 <0.0001
p 0.002 0.002
MAP immHg) lloprost 7510 7 76=9 B+ 14 0.07 <0.0001
iNO 78 =12 74+ 13 R 80 =17 0.03 0.039
p =0.2 0.039
HR {mmHg) lloprost =17 96 = 10 99«8 106 = 11 0.13 0.0004
iNO 85 =22 99=10 1001 104 = 10 =0.2 0.10
p ~0.2 0.18
CWP (mmHg) lloprost Mn=4 T3 Tx3 L[ ES =0.2 0.032
iNO 126 g8+4 g+3 12+56 >0.2 0.0002
P =0.2 =0.2
LAP [mmHg) lloprost 14=7 9+4 M=6 <0.0001 0.09
iNO 12+7 1M1+4 13+56 0.08 =02
o] 0_025 _:-ﬁ.?
Hb lloprost 11.5+20 11.5+=09 95+09 9.5+ 0.7 0.0032 0.0135
NO 118=156 1n1e=09 94+09 9.4+09 <0.0001 0.0006
p =0.2 =2
CO, lloprost 37.9=45 3BO=36 392=37 384 =57 0.016 =02
NO 39374 36232 37.0+35 384+6T >0.2 013
1] 0.14 =0.2
Sa0; (%) lloprost 98 + 1 99+ 1 99+ 1 100 =1 =02 =0.2
iNO 99+ 2 99 +1 99 +1 99 +1 0.19 =02
g =0.2 =0.2
SvO, (%) lloprost Fj- =) 69+ 18 Tr+10 81+9 0.08 =0.012
iNO g0o=Mm T4=mn 74 =10 83=3 =0.2 0.158
[l 0.15 =0.2
Pa0; (mmHg) lloprost 33789 279 =99 3M0=75 254 = 117 =0,2 =0.2
iNO 310 =118 318 =113 356 + 123 273+ 124 0.007 =0.2
1] 0.11 =0.2

Abbreviations: HR, heart rate; LAP, left atrial pressure; CO, cardiac output; Sa0,, arterial oxygen saturation; SvQ,, mixed venous oxygen
saturation; Pa0,, arterial oxygen tension; PaCO,, arterial CO; tension; Hb, hemoglobin; T1, anesthesia induction; T2, end of CPB; T3, 30 minutes

after treatment; T4, ICU.

*Two-sided p value of linear contrasts in the linear mixed model for repeated measures; bold type indicates p < 0.05. Differences betwean
iloprost and iNO are random at time points T1 and T2 before initiation of treatment.

Oxygenation parameters showed no significant between group differences, but the iNO group
showed greater and earlier improvements in Pa0O». The improvement in PaO, to T3 was
significant for iNO (p = 0.007), but not for iloprost. On the other hand, iloprost showed greater
improvements in venous O; saturation, partly reflecting poor saturation prior to treatment, at

T2; the venous saturation was actually better in the iNO group.

7.4.5.9.

Conclusion

The authors of this study in adults concluded that both drugs improved haemodynamics and
successfully lowered MPAP and PVR, but they noted the significant superiority of iloprost in
terms of reducing MPAP and PVR and increasing cardiac output. This study raises the possibility

that inhaled iloprost may be superior to iNO in some patient groups with pulmonary

hypertension, but the study is nonetheless indirectly supportive of the proposed use of iNO in
children with pulmonary hypertension. The safety and efficacy of inhaled iloprost in children

undergoing cardiac surgery is unknown.
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7.4.6. Solina 2000
7.4.6.1. Abstract

A Comparison of Inhaled Nitric Oxide and Milrinone for the Treatment of Pulmonary
Hypertension in Adult Cardiac Surgery Patients.

Objective: To investigate the relative effects of milrinone and nitric oxide on pulmonary and
systemic hemodynamic responses in cardiac surgery patients with a history of pulmonary
hypertension.

Design: Prospective and randomized.
Setting: University hospital.
Participants: Forty-five adult cardiac surgery patients.

Interventions: Cardiac surgery patients with pulmonary hypertension were randomly assigned
to one of three study groups: Group 1 patients (n = 15) were treated with intravenous milrinone
on separation from cardiopulmonary bypass, group 2 patients (n = 15) with 20 ppm of inhaled
nitric oxide, and group 3 patients (n = 15) with 40 ppm of inhaled nitric oxide. Heart rate, right
ventricular ejection fraction, and pulmonary vascular resistance were measured throughout the
perioperative period at specific data points.

Measurements and Main Results: There were no significant differences in demographics,
anaesthesia, surgery, or baseline haemodynamics among the groups. The group receiving 40
ppm nitric oxide had a significantly higher (p < 0.05) right ventricular ejection fraction on
arrival in the intensive care unit (40% versus 30% for the milrinone group and 33% for the
nitric oxide 20 ppm group). The milrinone group required significantly more phenylephrine in
the intensive care unit (p < 0.05).

Conclusions: Treatment of pulmonary hypertension in adult cardiac surgery patients with
inhaled nitric oxide compared with milrinone is associated with lower heart rates, higher right
ventricular ejection fraction, and a lower requirement for treatment with vasopressor agents.

7.4.6.2.  Study design, locations and dates

Solina et al used a randomised, controlled, parallel group, open label study to compare the
efficacy of iNO at two doses (20 ppm and 40 ppm) with intravenous milrinone, in adult patients
undergoing cardiac surgery and exhibiting pulmonary hypertension.

7.4.6.3. Inclusion and exclusion criteria

Subjects were 45 cardiac surgery patients whose pulmonary resistance was greater than
125 dyne-sec-:cm-5> immediately before anaesthesia.

Patients were excluded if they had a pre-operative requirement for inotropes or vasopressors,
had a history of asthma, or were pregnant.

7.4.6.4.  Study treatments
Subjects were randomly allocated to one of the following treatments:
e Group 1 (n = 15) Intravenous milrinone
e Group 2 (n = 15) Inhaled nitric oxide, 20 ppm
e Group 3 (n = 15) Inhaled nitric oxide, 40 ppm

Inhaled NO was started on termination of CPB and continued for the first 24 hours in the ICU.
NO was supplied as an 800 or 400 ppm mixture, diluted in nitrogen, which was then mixed with
medical grade nitrogen to achieve the desired final concentration and introduced to the input
circuit of the ventilator. The delivered gas was monitored for NO and nitrogen dioxide
concentration.
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Milrinone was initiated by bolus administration (50 pg/kg), 15 minutes before separation from
CPB, and maintained at 0.5 pg/kg/min in the operating room and for the first 24 hours in the
ICU.

All subjects also received standard perioperative care, including analgesia, sedatives and 100%
oxygen. Patients were cooled to a venous return temperature of 28°C while on CPB and they
were rewarmed to a rectal temperature of 36°C before separation from CPB.

The investigators used a structured algorithm for management of haemodynamic disturbances,
as shown in Table 48.

Table 48: Therapeutic algorithm for haemodynamic disturbances

Primary
Hemodynamic First-Line Second-Line Third-Line
Disturbance Therapy Therapy Therapy

BP increased >25% Anesthesia/

over baseline BP sedation Nitroglycerin  Nitroprusside
SVR >=1,200

{dyne - sec - em~3) Nitroglycerin Nitroprusside
Hypotension, SVR

<800 (dyne - sec -

cm-%) Phenylephrine Norepinephrine
PVR > initial, Cl >2.0

(L/min/m?) Nitroglycerin  Nitroprusside
Cl <2.0 (/min/m2),

PVR = initial Dobutamine
Cl <2.0 (/min/m?3),

PVR < initial Epinephrine  Dopamine

Abbreviations: BP, blood pressure; SVR, systemic vascular resis-
tance; Cl, cardiac index.

7.4.6.5.  Efficacy variables
The following haemodynamic variables were recorded:
e heartrate
e arterial blood pressure
e pulmonary artery pressure
e pulmonary capillary wedge pressure
e central venous pressure
e cardiac output

e cardiac index

e SVR
e PVR
e RVEF.

These variables were recorded at pre-induction, post-induction, after heparin, after CPB
separation, after protamine, on chest closure, before leaving the operating room, and on arrival
to the ICU. The average doses of inotropic and pressor agents used intra-operatively and post-
operatively were also recorded for each patient. The study did not indicate which of these
variables was to be considered primary, but the focus of the study was on right ventricular
ejection fraction.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 124 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

7.4.6.6. Methods

The authors described their statistical methods as follows: “Data were statistically analysed
using standard analysis of variance (ANOVA) in conjunction with Student-Newman Keuls multiple
comparison tests. Wilcoxon rank sum analysis was used in cases in which ANOVA assumptions
were not satisfied. All tests were two sided. A two-way ANOVA (group by time) with time as a
repeated measure factor was performed on the variables heart rate, mean arterial pressure, mean
pulmonary artery pressure, cardiac index, PVR, SVR, and RVEF using the values from post-bypass
to arrival at the ICU. When either the group effect was significant (p < 0.05) or a significant
interaction (group by time) was present, an analysis at each time point was performed. A p value
< 0.05 was considered significant.”

The selection of the individual statistical tools appears appropriate, but the authors have not
performed any correction for the use of multiple efficacy variables. Also, they have failed to
designate any particular analysis as primary.

The authors did not perform any sample-size estimations or present any discussion of statistical
power, so it is not possible to draw any strong inferences from the lack of difference between
treatment groups.

7.4.6.7. Baseline data

The three treatment groups were reasonably well matched at baseline in terms of demographics
and severity of heart disease, and for details of their perioperative management. There was a
trend to milder heart disease (lower NYHA status) in the higher-dose iNO group, and trend to
higher age in the lower dose iNO group.

Table 49: Patient characteristics

Mitric Nitric
Milrinone Oxide 20 Oxide 40
(n=15) (n=15) {n=15)
Mean = SD Mean = SD Mean = SD pValue

Demographics

Age (yr) 66 ~ 12 73+11 62=156 0.13
Weight {(kg) 70+ 16 73+ 19 71=18 0.88
Height (cm) 16t +14 164 +10 162 <19 0.79
NYHA class 356*05 35+06 31*05 0.2

Cardiopulmonary
bypass/anesthesia

Bypass time {min) 120+ 34 120+ 44 122 +43 0.98
Cross-clamp time (min} 73 +24 6731 72x26 077
No. venous grafts 09*+11 11=12 06=x07 038
No. arterial grafts 0305 0104 01x03 0.32
No. valves replaced 11207 1.0z05 1.0x05 094
Total fentanyl dose

{mg) 28089 34=x11 3610 014
Total midazolam dose

{mg) 72=31 7727 91=48 035

Abbreviations: SD, standard deviation; NYHA, New York Heart
Association.

7.4.6.8. Results

The three treatment groups followed a broadly similar haemodynamic pattern through the
course of surgery and the post-operative period, but occasionally significant differences
between groups were noted, as follows:

o after administration of anaesthesia, MPAP and PVR were higher in the iNO 20 ppm group

e on arrival in ICU, the iNO 20 ppm group had a higher MAP than the other two groups
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e on arrival in ICU, the iNO 40 ppm group had a higher RVEF than the other two groups.

The significant elevation in PVR in the NO 20 group occurred before initiation of randomised
treatment; after initiation of NO or milrinone, there were no significant differences in PVR at
any time-point. There were no significant differences among the three groups for cardiac index

or SVR at any time-point.

It might have been more informative to assess changes in haemodynamic parameters rather
than absolute values. The milrinone group began with the lowest PVR and ended up with the
highest PVR, and the iNO 20 ppm group had the highest PVR prior to treatment, falling the most
on commencement of treatment, a change that was not captured by the analysis.

Table 50: Haemodynamic data

Basaline Past Heparin Post CPB Chest Closure End of Operation ICU Arrival
Mean = SD Maan = SD Mean = SD Mean * SD Mean = 5D Mean £ 50

HR (beats/min}

M B0 + 23 75 £ 17 103 £ 14 105 = 17 103 =17 109 = 18

20 75+ 18 83+ 19 82+8 88 = N 100 = 22 84 =18

40 B4+ 20 §2 19 84 +13 84 = 13 96 + 13 84 =15
MAP {mmHg]

M 101 = 22 76+ 8 79 +17 81 =8 B5 + 14 76 =17

20 95 + 18 84 + 12 69+ 11 77 =8 86+ 15 80 = 13*

40 89 + 16 79 +12 7o+11 78 =10 80+ 10 BE =13
MPAF {(mmHg)

M 38*=9 26+8 23 2358 245 26=8B

20 a4 + 11 37 £ 17 727 26+9 277 i ]

40 43 =13 30=+8 26+ 4 287 28=7 2B=8
Cl [Lfmin}

M 21+06 2.2+07 28+ 05 28+07 2807 2607

20 23+10 21+07 26 =04 27+07 2605 25+08

40 22+08 20+07 2308 2707 2608 2607
PVR {dyne - sec - em~5)

M 336 = 209 142 = 84 142 = 88 14179 163 = 100 244 + 127

20 435 1 31 360 + 316* 169 + 124 147 + 94 165 + 99 235 + 109

40 344 = 229 189 = 197 175 = 87 158 + 69 145 * 82 193 = 72
SVR (dyne - sac - cm=%)

M 2074 =701 1494 = 581 1208 = 372 1346 + 362 1308 + 413 1273 + 472

20 1787 = 592 1504 = 703 1080 = 303 1125 = 287 1289 = 447 1585 * 666G

40 2014 = 679 1938 = 1217 1337 = Gd6 1237 = 633 1304 = 680 1330 * 604
RVEF {%2]

M 26 = 12 3N =12 37 =7 35 =*10 /=9 0+9

20 2714 zZ=nN IB=10 - | 3610 3310

a0 N2 0=+9 Ww-1n 3/+9 a1 27 40 + g*

Abbreviations: SD, standard deviation; CPB, cardiopulmonary bypass; ICU, intensive care unit; M, milrinone; 20, nitric oxide 20 ppm; 40, nitric
oxide 40 ppmi; HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; Cl, cardiac index; PVR, pulmonary vascular

resistance; SVR, systemic vascular resistance; RVEF, right ventricular ejection fraction,
*Denotes group significantly different (p < 0.05).
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Figure 40: Pulmonary vascular resistance (PVR) as a function of time
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Figure 41: Ejection fraction (EF) as a function of time

42 v —

*

40 -

38 -

16 - Ejection fraction as a

function of time, *p < 0.05. Ab-
R P .

34 - tion; P-heparin, postheparin; P-
[T @ CPB, postbypass; Closure, chest
wes closure; End of Case, immedi-

32 + ately before transport to the in-

tensive care unit (ICU); ICU, on
ICU arrival. ®, milrinone; C, NO
30 20; ¥, NO 40.
28 Nitric Oxide i
. or Milrinone
- Started
26 - ;
Y |
24 T T T
Baseline P- heparin P-CPB Closure End of Case Icu
Timg——

To some extent, the study design with its structured regimen for handling haemodynamic
disturbances could have disguised potential differences between treatments. An assessment of
the use of individual inotropes and vasopressor agents in the three groups, by ANOVA, showed
that the milrinone group required significantly more support of systemic blood pressure and
cardiac function than the two iNO groups, consistent with other studies that have shown inhaled
NO to be relatively selective for the pulmonary circulation.
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Table 51: Dose of inotropes/pressors used

Average Dose of Inotropes/Pressors Used Posthypass
and in the ICU {pg/kg/min)

Postbypass ICU (First 24 hr)
pValue pValue

Mean = SD Maan = 8D

Dobutamine p=028 p=1023
M 0.1+ 0.56 0.7 = 1.69
20 0.6 * 1.65 24 =312
40 0.0 + 0.00 31 =280
Dopamine p=0mM p=1033
M 0.1 +05 0.5 + 0.67
20 05 =181 0.4 = 0.67
40 0.3 =070 0.8 = 0.88
Epinephrine p=0.04 p=084
M 0.0 = 0.05 0.0 = 0.11
20 0.1 =014 0.0 £ 0.05
40 0.0 = 0.04 0.0 = 0.03

Milrinone p = 0.0001 p=0.001

M 0.5 = 0.09* 0.4 + 0.20*
20 0.0 = 0.00 0.0 = 0.00
40 0.0 = 0.00 0.0 = 0.00
Nitroglycerin p=082 p=008
M 0.0 =019 0.2+ 055
20 0.0 = 0.07 0.5+ 050
40 01 =021 0.7 £ 0.79
Nitroprusside p=037 p=0.26
M 0.0 = 0.00 0.0 = 0.00
20 0.1 = 0.3 0.1 =03
40 0.0 = 0.00 0.0 = 0.00
Morepinephrine p =010 p=053
M 0.1 £ 0.20 0.2 =050
20 0.0 * 0.03 0.0 = 0.03
40 0.0 = 0.00 0.2 =0.72
Phenylephrine p =049 p=0.01

M 0.1 £0.14 0.3 = 0.72¢%
20 0.1 =0.24 0.1 £ 0.6
40 0.0 = 0.08 0.1 =010

Abbreviations: ICU, intensive care unit; 5D, stendard deviation; M,
milrinone; 20, nitric oxide 20 ppm; 40, nitric oxide 40 ppm.
*Denotes group significantly different {p < 0.05).

7.4.6.9. Conclusion

Overall, this study in adults is consistent with the pivotal studies performed in children, and
shows that iNO is broadly comparable to the intravenous vasodilator milrinone in its ability to
reduce PVR. In the absence of a placebo group, it remains unclear how much improvement in
PVR was due to the surgery and recovery process, and the study was not powered to clearly
show the relative efficacy of the different agents. The study provides indirect evidence that NO
is selective for the pulmonary vasculature, because iNO recipients did not require as much
inotropic/pressor support as milrinone recipients.

7.4.7. Solina 2001
74.7.1.  Abstract
Dose Response to Nitric Oxide in Adult Cardiac Surgery Patients.

Study Objective: To determine the dose responsiveness to nitric oxide in adult cardiac surgery
patients, especially in those patients with pulmonary hypertension.

Design: Prospective, randomized, non-blinded study.

Setting: University teaching hospital.
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Patients: 62 consecutive cardiac surgery patients demonstrating pulmonary hypertension
immediately before induction of anaesthesia.

Interventions: Subjects were assigned by random number allocation to receive one of five doses
of inhaled nitric oxide on termination of cardiopulmonary bypass (CBP, that is,, restitution of
pulmonary artery flow). Subjects in Group 1 (n = 11) received 10 ppm of inhaled nitric oxide,
Group 2 subjects (n = 12) received 20 ppm, Group 3 subjects (n = 12) received 30 ppm, and
Group 4 subjects (n = 12) received 40 ppm. The fifth group (n = 15) received no nitric oxide.
This fifth group served as a control and was treated with milrinone only. Those patients who
were randomized to the milrinone group, had milrinone initiated by bolus administration

(50 mg/kg) 15 min before separation from CPB. Milrinone was maintained at 0.5 mg/kg/min in
the operating room thereafter. The conduct of anaesthesia, surgery, and CBP were controlled. A
therapeutic algorithm dictated the use of vasoactive substances for all patients.

Measurements: Heart rate, mean arterial pressure, pulmonary vascular resistance (PVR),
peripheral vascular resistance, cardiac index, and right ventricular ejection fraction were
monitored throughout the operative experience.

Main Results: There were no significant differences found in demographic data, baseline
hemodynamic data, surgical treatment, conduct of CBP, or the use of inotropic or vasoactive
drugs among the five treatment groups. The percentage decrease in PVR on treatment with
nitric oxide as compared to baseline values was not significantly different among the groups
(10 ppm = 38%, 20 ppm = 50%, 30 ppm = 44%, 40 ppm = 36%, milrinone = 58%, p = 0.86).

Conclusions: Treatment with nitric oxide was associated with significant reductions in PVR in all
groups. Dosages higher than 10 ppm were not associated with greater reductions in pulmonary
vascular tone. In view of the fact that nitric oxide-related toxicity is dose-related, doses greater
than 10 ppm do not appear to be justified in this patient population.

7.4.7.2.  Study design, locations and dates

Solina et al used a randomised, open label, parallel group design to compare the haemodynamic
effects of a range of iNO doses with the active control, intravenous milrinone, in adult patients
undergoing cardiac surgery. The study was performed at Robert Wood Johnson Medical School,
University of Medicine and Dentistry of New Jersey, Piscataway, New Jersey, in the lead-up to
publication in 2001.

7.4.7.3. Inclusion and exclusion criteria

Adult subjects were eligible if they were undergoing cardiac surgery and demonstrated
pulmonary hypertension (PVR greater than 125 dyne-sec-cm-5) immediately before induction of
anaesthesia.

Patients were excluded if they had a history of pre-operative dependence on inotropes or
vasopressors, required intraoperative use of nitroglycerin or sodium nitroprusside, had asthma,
or were pregnant.

7.4.7.4.  Study treatments

Subjects were randomly assigned to receive one of four doses of inhaled NO on termination of
CBP, or milrinone. Subjects in Group 1 (n = 11) received 10 ppm, Group 2 (n = 12) received

20 ppm, Group 3 (n = 12) received 30 ppm, and Group 4 (n = 12) received 40 ppm. Nitric oxide
was continued at the specified dose throughout the remainder of the operation. Subjects in
Group 5 (n = 15) served as a control and received milrinone initiated by bolus (50 mg/kg)

15 minutes before separation from CPB and maintained at 0.5 mg/kg/min in the operating
room.

As in the previous study by Solina et al, a structured algorithm was used to manage
haemodynamic disturbances, as shown in Table 52.
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Table 52: Therapeutic algorithm for treatment of haemodynamic disturbances

]"|'i||1;1r}' vau{lll'u:lmir Disturbance First Line TJII’I'.'I‘]!}' Second Line Th('l’;li)I\' Third Line Thl‘l'.'l]!}'
BP Increased = 25% over baseline BP Anesthesia/ sedation Nitroglveerin Nitroprusside
SVR = 1200 (dyn sec cm ) Nitroglyeerin Nitroprusside

Hypotension, SVR < 800 (dyn sec cm ™) Phenylephrine Norepinephrine

PVR > initial, CI > 2.0 (L min m %) Nitroglveerin Nitroprussicle

CI < 2.0 (L. min m %), PYR > initial Dobuamine

CI < 2.0(L min m %), PVR < inital Epinephrine Dopamine

BI* = blood pressure, PYR = pulmonary vascular resistance, SVR = systemic vascular resistance, Cl = cardiac index.

7.4.7.5.  Efficacy variables

Haemodynamic data was collected at multiple time-points: before induction of anaesthesia,
following the administration of heparin, following termination of CBP, after the administration
of protamine, upon chest closure, before leaving the OR, and on arrival to the ICU. The main
time-points used for efficacy analysis were pre-induction, post-CPB, and chest closure.

The primary efficacy variable was PVR. (This was not stated explicitly, but it was strongly
implied.) Other variables included: heart rate, BP, PA pressures, PAP, CVP, CO, CI, SVR, PVR, and
RVEF.

Use of inotropes and pressor agents was also recorded, and constituted an additional minor
endpoint.

7.4.7.6. Methods

The statistical approach used in this study was very similar to the previous Solina study, and
was described by the authors as follows: “Data were statistically analysed using standard
analysis of variance (ANOVA) in conjunction with Student-Keuls Multiple Comparison Analysis.
Wilcoxon rank sum analysis was used when assumptions for ANOVA were not met. A two-way
repeated measures ANOVA (dose by time) was performed for the variables HR, mean arterial
pressure (MAP), CI, PVR, and RVEF. All statistical tests were two sided. A p-value of less than 0.05
was considered significant.”

According to the authors, sample size was determined by statistical power analysis, which
indicated an 85% power to detect a 10% difference in percent change in PVR at the p < 0.05
level. The assumptions underlying this estimate were not discussed.

Based on the authors’ comments about sample size, the primary efficacy variable appeared to be
the PVR, so the primary analysis was the ANOVA for PVR. The authors appeared to correct
significance estimates for multiple between group comparisons, by virtue of their use of the
Student-Keuls Multiple Comparison Analysis, but they did not correct significance estimates for
the use of multiple efficacy variables.

7.4.7.7. Baseline data

The treatment groups were reasonably well matched for most baseline demographic and peri-
operative characteristics, but the number of valves replaced showed significant differences
across groups (more valves replaced in the milrinone and iNO 20 ppm groups, p = 0.001). The
total fentanyl dose also differed, with less used in the iNO 30 ppm group (p < 0.001), as shown
in the table below. There was a trend to differing bypass times across the groups (p = 0.07),
with the iNO 10 ppm group having the shortest time and the iNO 20 ppm group having the
longest time on bypass. Overall, these differences are not likely to have had a major impact on
the outcome of the study.
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Table 53: Patient characteristics

Milrinone NO 10 NO 20 NO 30 NO 40
(n = 15) (n=11) n=12) (n = 12) n=12)
(Mean = SD) iMean = SI)) {Mean = 5D} iMean = SD) {Mean = 5D) PValue

Age (yrs) 66 = 12 68 + 6 70 = 12 T3 10 69 = 10 0,60
Weight (kg) 70+ 15 83 + 51 72+ 17 6% £ 15 72+ 18 019
Height (cmi) 161 £ 14 169 = 14 167 =9 163 =9 164 = 10 0,40
Bypass time (min) 120 = 34 90 * 25 152 * 54 98 + 35 119 = 41 0.07
Cross clamp time (min) T3+ 24 56 + 20 78 = 40 55 + 26 67 = 26 0.20
Venous grafis (n) 0.9 1.1 19+ 1.3 1.1 1.1 1912 1.3+12 .10
Arterial grafts (n) A +05 .3 =05 0.2 =04 0.2 0.4 0.2+04 092
Valves [l,‘l]l'.{('t'd (n) 1.1 = 0.7 0.5+ 07 1 =07 0.5+ 07 0.7 =05 0,001
Total fentanyl dose (mg) 28=*09 22=+038 3.1 *08 1.8 0.5 52+132 0.001
Total midazolam dose (mg) 7.2+ 3.1 7828 6.8 29 5524 73z 4.1 0.38

NO = nitric oxide, NO 10 = Group 1, who received 10 ppm of inhaled NO; NO 20 = Group 2, who received 20 ppm of inhaled NO; NO 30 =
Group 3, who received 30 ppm of inhaled NO; and NO 40 = Group 4, who received 40 ppm of inhaled NO. Milrinone = Group 5 (controls),
who received milrinone only.

7.4.7.8. Results

Haemodynamic results are summarised in the table below. Overall, there was no evidence of a
significant dose effect. A two way repeated measures ANOVA showed no significant dose effect
for all haemodynamic variables, including the main variable of interest, PVR, as well as other
important indicators of haemodynamic function (HR, MAP, CI and RVEF). The percentage
decrease in PVR upon treatment with iNO (see the figure below) did not show a consistent dose
trend and was not significantly different between the groups by ANOVA (10 ppm = 38%,

20 ppm = 50%, 30 ppm = 44%, 40 ppm = 36%, milrinone = 58%; p = 0.86).

As expected, time was a highly significant factor for all variables in the ANOVA (p < 0.05), but
the interaction of dose by time was significant in the ANOVA only for CI (p = 0.03).

There were only minor differences noted between iNO and milrinone. Both heart rate

(p =0.002) and CI (p = 0.001) showed significant heterogeneity across groups. Heart rate was
significantly higher (p = 0.002) for the milrinone group at the post CBP data collection point. CI
was low for the iNO 10 ppm group, but similar for other doses of iNO and milrinone. MAP did
not show significant variation across groups, and was not low with milrinone despite the
observation in other studies that intravenous vasodilators are less selective for the pulmonary
vasculature.

Figure 42: Changes in PVR
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Table 54: Haemodynamic data

Pre-induction Post-CPB  Chest Closure

HR (beats/min) p=0.74 p = 0.002 = 0.06
Milrinone 80 + 23 103 £ 14* 105 = 17
10 ppm 7120 85+ 13 90 + 14
20 ppm 73+15 g2 12 98 + 18
30 ppm 74x19 94 £ 8 03+ 15
40 ppm 79 *+ 16 89 *6 89 £ 10
MAP (mmHg) p =094 p=0.18 p=018
Milrinone 101 + 22 79+ 17 81+9
10 ppm 97+ 10 75 £ 11 83+ 10
20 ppm 98 + 14 73 =11 81+ 11
30 ppm 105 = 20 74 £ 10 86 % 13
40 ppm 101 £ 19 66 + 12 o
CI (L min~ ' m™%) p =067 # =001 p =054
Milrinone 215 285 2060+
10 ppm 223 20X 4% 2b* 8
20 ppm 21=*6 285 30£8
30 ppm 247 256 267
40 ppm 226 23*5 278
PVR (dyn sec cm ™ ”) P =040 f= 0.64 P =095
Milrinone 336 * 204 142 * B3 141 £ 79
10 ppm 320+ 210 206175 1294938
20 ppm 420 * 246 208 * 130 159 * 117
30 ppm 201 = 107 162+ 148 148 * 86
40 ppm 287 + 92 185 *+ 93 146 = 57
RVEF (%) = 0.36 p=0.19 = 0.88
Milrinone 26+ 12 57T+ 35+ 10
10 ppm 30+8 35+ 12 38 %10
20 ppm 269 3810 88 +t9
30 ppm 34 12 *1] o
40 ppm 81 +13 20 + 11 39x9

Note: Data are means *+ SD.

CPB = cardiopulmonary bypass, HR = heart rate, MAP = mean
arterial pressure, Cl = cardiac index, PVR = pulmonary vascular
resistance, RVEF = right ventricular ejection fraction.

* b < 0.05, a statistically significant difference.

As in the previous Solina study, it is possible that the use of rescue therapies disguised some
differences in the efficacy of milrinone and iNO, but an assessment for heterogeneity across
treatment groups found no significant differences or consistent trends in the use of inotropes
and pressor agents as reflected in average dose.
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Table 55: Vasoactive drug dosage by cohort

Average Dose of Vasoactive Drugs Used Post-Bypass
(g kg/ min)

Dobutamine (f = (LG6)
Milrinone ol = 0.6
1} ppm 0 =+ 0.0
20 ppm 0.6 > 1.5
50 ppm 1.1 £ 3.9
4 ppm 0.4 + 1.4
Dopamine (p = 0.63)
Milrinone 0.1 = 0.5
1} ppm 04 = 0.8
20 ppm 0.3 + 0.9
50 ppm 0.5 £ 0.7
41} ppm 0.0 + 0.0
Epinephrine (p = 0.28)
Milrinone 0.0 = 0l
1 ppm 0.0 = 0.0
20 ppm 0.1 = 0.3
30 ppm L0 = .0
H} ppm 0L = 0.0
Nitroglycerin (p = 0.71)
Milninone L0 == (LD
1 ppm 0 = 0.0
20 ppm 0.0 = 0.0
3 ppm 0.0 * 0.0
40 ppm 1l = 0.2
Nitroprusside (p = 0.39)
Milrinone 0.0 + 0.0
10 ppm 0.0 += 0.0
20 ppm 0l = 0.4
50 ppm 00+ (.0
W ppm 0.0 * 0.0
Norepinephrine (p = 0.30)
Milrinone 0.1 = 0.2
10 ppm 0.0 = 0.0
20 ppm 0l =02
S ppm 0.0+ 0.0
W ppm (L = 0.0
P!u':1'|'|rp|'|rjl'|r P 0.76)
Milrnone 0l =01
1 ppm 0l =02
20 Ppm 0l =03
S ppm 0l + 0.3
M ppm 0.0 = 0.0

Note: Data are means = 5D,

7.4.7.9. Conclusion

Overall, this dose response study in adults undergoing cardiac surgery does not suggest that a
significant dose tend exists for iNO in the range of 10 pm to 40 ppm, as reflected in major
haemodynamic parameters including PVR. It is possible that a larger study could reveal small
differences, but the authors estimated that this study had reasonable (85%) power to detect
10% differences in PVR at a standard significance threshold (p < 0.05). The study shows broadly
equivalent reductions in PVR amongst different doses of iNO and intravenous milrinone.

7.4.8. Ardehali 2001
74.8.1.  Abstract
Inhaled Nitric Oxide for Pulmonary Hypertension after Heart Transplantation.

Background. Recipient pulmonary hypertension due to chronic congestive heart failure is a
major cause of right ventricular (RV) dysfunction after heart transplantation. We hypothesized
that inhaled nitric oxide (NO), in the post-operative period, would a) selectively reduce
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pulmonary vascular resistance and improve RV haemodynamics and b) reduce the incidence of
RV dysfunction compared with a matched historical group.

Methods. Sixteen consecutive adult heart transplant recipients with lowest mean pulmonary
artery (PA) pressures > 25 mm Hg were prospectively enrolled. Inhaled NO at 20 ppm was
initiated before termination of cardiopulmonary bypass (CPB). At 6 and 12 hours after CPB, NO
was stopped for 15 minutes and systemic and pulmonary haemodynamics were measured. RV
dysfunction was defined as central venous pressure > 15 mm Hg and consistent
echocardiographic findings. The incidence of RV dysfunction and 30 day survival in this group
was compared with a historical cohort of 16 patients matched for pulmonary hypertension.

Results. Discontinuation of NO for 15 minutes at 6 hours after transplantation resulted in a
significant rise in mean PA pressure, pulmonary vascular resistance (PVR), and RV stroke work
index. Systemic haemodynamics were not affected by NO therapy. One patient in the NO treated
group, compared with 6 patients in the historical cohort group developed RV dysfunction

(P <.05). The 30 day survival in the NO-treated group and the historical cohort group were
100% and 81%, respectively (P >.05).

Conclusion. In heart transplant recipients with pulmonary hypertension, inhaled NO in the post-
operative period selectively reduces PVR and enhances RV stroke work. Furthermore, NO
reduces the incidence of RV dysfunction in this group of patients when compared with a
historical cohort matched for pulmonary hypertension. Inhaled NO is a useful adjunct to the
post-operative treatment protocol of heart transplant patients with pulmonary hypertension.

7.4.8.2.  Study design, locations and dates

This study was a non-randomised, historical control study comparing the efficacy of iNO in 16
consecutive adult patients undergoing heart transplant versus standard treatment in 16
historical control subjects, using haemodynamic monitoring to gauge efficacy.

The study was performed at UCLA Medical Centre, Los Angeles, California, between March 1999
and September 1999.

7.4.8.3. Inclusion and exclusion criteria

Sixteen consecutive adult heart transplant recipients were recruited, and were eligible provided
their measured mean pulmonary artery (PA) pressure was at least 25 mm Hg and they provided
consent.

Historical controls consisted of the sixteen consecutive heart transplant recipients with PA at
least 25 mm Hg who had their transplant operations immediately prior March 1999. This
approach meant that the controls were not specifically chosen to minimise baseline mismatch,
but the recruitment of 32 consecutive patients reduces recruitment bias and implies that the
study has high external validity.

7.4.8.4.  Study treatments

All 32 subjects (16 cases and 16 historical controls) received standard care for their heart
transplants, according to institutional guidelines. Donor hearts were initially arrested using

15 cc/kg (mL/kg) of University of Wisconsin solution and topical hypothermia. Solumedrol

(7 mg/kg) was given before reperfusion. The standard inotropic regimen during weaning of CPB
was dopamine and dobutamine, which was replaced with epinephrine (adrenaline) and
isoproterenol if difficulty was encountered. Subjects were mechanically ventilated and
maintained on inotropic support for at least 12 hours post-operatively, with inotropes adjusted
to maintain a cardiac index > 2.5. Immunosuppression was achieved with cyclosporine,
azathioprine or mycophenolate mofetil and steroids. Cytolytic agents were not used.

The iNO group received the same treatment as historical controls but in addition received
inhaled NO (20 ppm) before termination of CPB, which continued until patients were weaned
from mechanical ventilation or had attained haemodynamic stability (> 12 hours). The iNO
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therapy was briefly interrupted at 6 and 12 hours after reperfusion, for recording of
haemodynamic parameters on iNO and then again after 15 min without iNO.

The duration of iNO therapy ranged from 12 to 76 hours.
7.4.8.5.  Efficacy variables

The authors’ abstract implies that PVR was the efficacy variable of primary interest, but this was
not stated explicitly.

The main efficacy variables consisted of heart rate, systemic arterial pressure, PA pressure, left
atrial pressure, cardiac output, and central venous pressure, which were recorded 6 and 12
hours after reperfusion. After recording the on-treatment haemodynamic data, iNO was
discontinued for 15 minutes and the haemodynamic data were reassessed. Note that this
approach does not directly assess the benefits of adding iNO, but instead assesses the results of
interrupting iNO; given that abrupt iNO withdrawal is known to cause rebound effects, the
authors’ approach conflates primary efficacy effects with withdrawal effects. The same
parameters were assessed in historical controls.

Systemic vascular resistance (SVR, measured in dyne.s/cm5) was calculated as 80 x (mean
systemic arterial pressure - right atrial pressure)/cardiac output. Pulmonary vascular
resistance (PVR, in dynes.s/cm?5) was calculated as transpulmonary pressure gradient/cardiac
output. Right ventricular (RV) stroke work index was defined as 0.0136 x (mean PA pressure -
right atrial pressure) x (stroke volume index).

RV dysfunction was defined as central venous pressure (CVP) > 15 mm Hg in the operating
room or for more than 2 hours in the post-operative period, with consistent echocardiographic
findings (RV dilatation and poor contractility). It was treated as needed by standard approaches
including inotropic adjustment, followed if necessary by intra-aortic balloon pump, opening of
the chest, and insertion of an assist device or extracorporeal membrane oxygenation (ECMO).
Cellular rejection as an explanation for RV dysfunction was ruled out by endomyocardial biopsy.
The incidence of RV dysfunction was compared in cases and historical controls.

Survival at 30 days was also assessed and can be considered a key secondary endpoint.
7.4.8.6.  Methods

The statistical methods were only briefly described, as follows: “Data measurements are
presented as the mean # standard deviation (SD) from the mean. Comparison of the mean values
was done using the Student’s t-test method, chi-squared analysis was used to compare subsets of
patients, and the Wilcoxon-Rank Sum test was used in comparing median values. A P-value > 0.05
was considered to be statistically significant.”

This statistical approach seems broadly appropriate for a small, non-randomised, open label,
historically-controlled study, but the authors can be criticised for not explicitly identifying a
primary prospective endpoint, not specifying which statistical method was considered to be
primary, and not adjusting p-values to compensate for the use of multiple endpoints. In
association with the non-randomised nature of the study, these flaws mean that the study can
only be considered weakly supportive for efficacy.

Sample size estimations were not discussed, and the study size appears to have been chosen on
the basis of logistical feasibility.

7.4.8.7. Baseline data

Subjects were broadly matched in terms of age and gender distribution, underlying cardiac
diagnoses, and initial pulmonary haemodynamics, as shown in Table 56.
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Table 56: Pre-operative patient characteristics

NO-treated proup Control group

Age (years) 47.6+16.4 51.0=10.0
Sex (% male) 87.5 68.8
Diagnoses
Ischemic cardiomyopathy 9 7
Idiopathic cardiomyopathy 2 B
Others 5 3
Lowest mean PA pressure (mmHg) 31+8 29+4
Systolic 47+10 44+7
Diastolic 25+11 25+9
Transpulmonary gradient immHg) 13.8x6 1277
Percentage with prior sternotomy 50 50
Percentage Awaiting Status 1A, 65.8 62.5
1B
Donor age (years) 29.6+13.2 28.3+12.0
Donor sex (% male) 68.8 56.3
Donor/recipient weight ratio 1.11+0.34 1.07+0.21
Donor/recipient height ratio 1.02+0.05 1.00x0.07
® P=0.05

PA, pulmonary artery.

The two groups also showed similar intraoperative characteristics.

Table 57: Intraoperative characteristics

Study Control
group group
Cardiopulmonary bypass time 128+28 143+T1
{minutes)
Cross-clamp time (minutes) 8127 9342
Ischemia time (minutes) 164 =32 16842
Percentage transfused 85.7 50
* P<0.05.

7.4.8.8. Results
Case-control comparison

When study subjects (who received iNO) were compared with control subjects (who did not
receive iNO), the incidence of RV dysfunction was substantially lower (p < 0.05, statistical test
not stated), and it was easier to treat.

Only one patient in the iNO treated group (1 out of 16, approximately6%) developed RV
dysfunction, and it responded to inotropic adjustment. In the control group, RV dysfunction
occurred in six patients (6 out of 16, approximately38%). In three of these subjects, the RV
dysfunction responded to adjustments in inotropic therapy, but one control subject required
opening of the chest to optimize RV haemodynamics and, in two control subjects, persistent RV
dysfunction required insertion of Intra-Aortic Balloon Pump (IABP), followed by right
ventricular assist devices, and then institution of Extra Corporeal Membrane Oxygenation
(ECMO). Both of these patients died.

The overall 30 day mortality of the heart transplant was zero in the iNO-treated group, but it
was 3 out of 16 (18.75%) in the historical controls. Two of the deaths were attribute to
biventricular failure and followed RV dysfunction. The third death occurred in a control subject
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who had stable haemodynamics but died of intracranial haemorrhage on post-operative day 1;
this death is relatively unlikely to have been influenced by the lack of iNO.

These between group comparisons are summarised in the table below. Detailed haemodynamic
data in historical controls was not presented.

Table 58: Post-operative characteristics

NO-treated Control
group group
Number with RV dysfunction® 1 (3]
30-day survival 100% 81.25%

- * P<0.05.
RV, right ventricular.

Intra-group crossover comparison, iNO interruption

In the sixteen study patients, haemodynamics were compared in the presence and absence of
iNO at 6 and 12 hours following reperfusion. Discontinuation of iNO did not affect mean
systemic arterial pressure, CVP, cardiac indices, left atrial pressure, or systemic vascular
resistance.

When subjects were on iNO, they exhibited significantly lower mean PA pressure (PAP), PVR,
and RV stroke work index (RVERSUSWI) at 6 hours compared to 15 minutes after interrupting
iNO. The authors describe this as a significant reduction in PAP, PVR and RVERSUSWI,
attributable to iNO, but this ignores the fact that haemodynamic parameters on iNO were
recorded first, and then the response to ceasing iNO for 15 minutes was assessed second. Any
differences observed could be partly or entirely due to a withdrawal effect. (Analogously,
interrupting alcohol can cause withdrawal seizures, even though alcohol does not have useful
anti-seizure properties in subjects not already on alcohol.) A more informative design might
have been to record haemodynamics on iNO, after 15 min of interruption, and then again after
15 min back on iNO, but this could still reflect the subjects’ adaptation to iNO therapy in the
preceding hours rather than the primary efficacy of iNO.

Interruption of iNO at 12 hours did not significantly affect mean PAP, PVR or RVERSUSWI, and
the authors interpreted this as possible sign that “these parameters had reached a stable
baseline.” As shown in Table 59, the changes in these parameters during iNO interruption were
consistent with the changes observed at 6 hours, but smaller in magnitude, and the parameters
were closer to normal (lower PAP, PVR and RVERSUSWI) both with and without iNO. One
possibility is that pulmonary endothelial dysfunction had partly resolved by 12 hours.

Table 59: Pulmonary and systemic haemodynamic parameters

With KO Without NO Wilh WO Without NO
6 hours 12 hours

Mean systemic arterial pressure BD=3 B0=3 T9=3 78=3
immHgz)

Mean pulmoenary artery pressure 21=1" 25*1 20=1 22=1
{mmHg)
Mean PA pressure (systolic) q1=2 E+2 b 32+32
Mean PA pressure (dinstolic) 14=1 171 132 15=2

Mean left atrial pressure (mmHg) 8=1 7=1 7=1 =1

Pulmonary vascular resistance 215=9 291+39 183 =40 231=42
(dyne/siem ") (Normal: 70-180)

Svstemic vascular resistance (dyne’ 1225177 1218£177 1108181 1137184
aferm ) (normal: S00-1400)

RV stroke work index {g-m/m“/beat) 6.3=1.1" B.T=1.1 B.l=1.1 6.T7=12
(Normal: 4-8)

P05 when compared with without NO

PA, pulmonary artery; RV, right ventricular
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These results are consistent with other efficacy studies and PD studies showing a relatively
selective effect of iNO on the pulmonary circulation.

7.4.8.9. Conclusion

Ardehali et al, 2001, have performed a small study using historical controls, assessing the
efficacy of iNO in preventing right ventricular dysfunction in heart transplant patients. Such a
study design clearly has major limitations, and is subject to several potential biases and
confounding factors, but the study was supportive of the overall efficacy of iNO in this setting.
Subjects who received iNO 20 ppm (n = 16) were compared with historical control subjects

(n =16), and the incidence of RV dysfunction was significantly lower with iNO (1 out of 16
patients versus 6 out of 16, p < 0.05). Survival was also 100% with iNO, compared to 13 out of
16 (81.25%) in historical controls.

7.4.9. Kieler-Jensen 1994
7.4.9.1.  Abstract

Inhaled Nitric Oxide in the Evaluation of Heart Transplant Candidates with Elevated Pulmonary
Vascular Resistance.

The reversibility of elevated pulmonary vascular resistance in heart transplant candidates is
currently evaluated with intravenous vasodilators. The aim of this study was to evaluate the
effects of increased concentrations of inhaled nitric oxide (20, 40, and 80 ppm) on central
haemodynamics and right ventricular function in heart transplant candidates with elevated
pulmonary vascular resistance (> 2.5 Wood units). Comparison was made with intravenous
vasodilators, sodium nitroprusside, and prostacyclin in doses that lowered the mean arterial
pressure by about 15%. Inhalation of nitric oxide did not change systemic or pulmonary arterial
pressure, cardiac output, right ventricular function, or systemic vascular resistance. Pulmonary
capillary wedge pressure increased and transpulmonary pressure gradient and pulmonary
vascular resistance decreased (-34% * 4% and -36% * 4%, respectively; p < 0.01) during

20 ppm nitric oxide, with no further effects at higher doses. Prostacyclin and sodium
nitroprusside decreased pulmonary vascular resistance (-50% * 6% and -33% * 5%; p < 0.01).
Prostacyclin reduced to some extent (p = 0.08) transpulmonary pressure gradient, which was
not seen during sodium nitroprusside infusion. Systemic vascular resistance decreased during
both sodium nitroprusside (-37% * 5%) and prostacyclin (- 44% * 4%) infusion. The
pulmonary vascular resistance/systemic vascular resistance ratio, which was used as an index
of pulmonary selectivity, was decreased by nitric oxide (p < 0.01) but not by the intravenous
vasodilators. Metabolic data indicate that inhaled nitric oxide is metabolized in the same way as
that formed endogenously. In conclusion, inhaled nitric oxide is a selective pulmonary
vasodilator that can be used safely in the hemodynamic evaluation of heart transplant
candidates with elevated pulmonary vascular resistance.

7.4.9.2.  Study design, locations and dates

Kieler-Jensen et al used an open label crossover design to compare the haemodynamic effects of
increasing concentrations of iNO (20, 40 and 80 ppm) with intravenous vasodilators, sodium
nitroprusside (SNP) and prostacyclin (PGI2) in 12 subjects with elevated PVR undergoing
diagnostic right heart catheterisation.

7.4.9.3. Inclusion and exclusion criteria

Eligible subjects were adults undergoing right heart catheterisation in the pre-operative
diagnostic work-up for heart transplantation, who had elevated PVR (> 2.5 Wood Units [WU]).
Note that different authors used different units for vascular resistance: conversions between
units are explained in the footnote below and Table 60 (Source:
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http://en.wikipedia.org/wiki/Vascular_resistance).1! The paper did not mention exclusion
criteria.

Table 60: Conversion table for Wood units

Reference Range

Measurement mmHg-min/l or
dyn-s/cm® |MPa-s/m? _
HRU/Wood units

It

Systemic vascular resistance |700-160014! |70-1600°1 |9—20/3

Pulmonary vascular resistance |20-13012  |2—13(1  |0.25-1 603

7.4.9.4.  Study treatments

After a baseline control period, all subjects received iNO through a tight fitting face mask in a
non-rebreathing system. They received iNO at 20 ppm for ten minutes, 40 ppm for ten minutes,
then 80 ppm for ten minutes. After a second control period of unspecified duration, sodium
nitroprusside (SNP) and PGI2 were given intravenously for ten minutes each, in random order,
separated by a third control period. The dose of the intravenous agents was titrated to achieve
an approximate 15% reduction (range, 9% to 25%) in mean arterial pressure (but avoiding
MAP < 60 mm Hg).

Subjects were not to be treated with systemic nitrates for 12 hours prior to iNO. As in other
studies of iNO, subjects were monitored for toxic by-products of iNO therapy.

7.4.9.5.  Efficacy variables

Haemodynamic variables were recorded at baseline, after ten minutes of inhalation at each iNO
dose and after ten minutes of infusion of each intravenous agent.

The following variables were measured or calculated:

e cardiac output

e heartrate

e stroke volume

e right ventricular end-diastolic and end-systolic volume
e right ventricular ejection fraction

e systolic, diastolic, and mean arterial blood pressures

e systolic, diastolic, and mean pulmonary arterial pressures
e central venous pressure

e pulmonary capillary wedge pressure

e systemic vascular resistance (SVR)

e PVR

e the transpulmonary pressure gradient (MPAP - PCWP)

11 Units for measuring vascular resistance are dyn.s.cm-5, pascal seconds per cubic metre (Pa.s/m3) or, for ease of
deriving it by pressure (measured in mm Hg) and cardiac output (measured in L/min) it can be given in mm
Hg.min/L. This is numerically equivalent to hybrid reference units (HRU), also known as Wood units frequently used
by paediatric cardiologists. To convert from Wood units to MPa.s/m3 you must multiply by 8, or to dyn.s.cm-5 you
must multiply by 80.
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PVR/SVR ratio

arterial and mixed venous oxygen saturation (Sa0z and Sv03)

intrapulmonary shunt fraction;

e arterial oxygen tension (Pa03).

The authors did not designate any variable as primary.
7.4.9.6.  Methods

Description of the statistical methods was very brief, and consisted of the following comments:
“Data are presented as individual values or as mean + SEM. Data were compared by a one-way
analysis of variance for repeated measurements, followed by paired t-test with modified
Bonferroni correction. A p value of less than 0.05 was considered to indicate statistical
significance.” From this description, it appears that a correction was applied to allow for the
multiple time point (treatment) comparisons within the analysis of each variable, but no
correction was applied for the use of multiple variables.

7.4.9.7.  Baseline data
The main characteristics of the 12 subjects are tabulated below (Table 61).

Table 61: Patient characteristics

Patient Gender (M/F) Age (yr) Magnosis PVR (Wood units) PG fm—n;;._;}
o —

] F 61 DCM 5.0 12

M 51 IHD 8.8 28

M 50 THD 3.9 13

M 54 DCM 9.5 26

F 23 DCM 9.7 14

M 53 IHD* 29 11

M 39 THD 1.7 19

M 36 DCM 6.2 p) |

M 43 IHD 4.2 18

M 19 DCMt 31 13

M 48 THD 39 10

L] M 42 DCM 5.7 19

PVR, Pulmonary vascular resistance; TPG, transpulmonary gradient; DCM, dilated cardiomyopathy; JHD, ischemic heart disease,
* Amrinone, 10 pg/kg'min; dopamine, 4 pgkg ™’
tMilrinone, 0.4 pgkg/min.

7.4.9.8. Results

Results obtained during inhalation of iNO are shown in the table below. Significant changes are
marked with an asterisk, and these include a reduction in mean PVR from 5.9 Wood Units (WU)
to 3.7 WU during inhalation of iNO. The change was observed on commencing 20 ppm iNO, and
no further changes were observed during stepwise dose escalation. The PVR returned to
baseline in the second control period. The transpulmonary gradient (TPG) followed the changes
in PVR, as expected. MPAP did not show a significant fall during treatment, which is a different
result to that observed in children and adults post-CPB. This could reflect the fact that
endothelial function would be expected to be relatively normal during a pre-operative workup,
so sensitivity to iNO could be less.
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Table 62: Haemodynamics, RV function and oximetric data

g Nitric oxide (ppm)

Basal state (0 ppm) 20 40 1) 0
CI—
MAP (mm Hg) 81 x4 82 + 4 83 + 4 83 + 4 83 =5
'SPAP (mm Hg) 66 + 4 64 = 3 6] = 4 61 = [
MPAP (mm Hg) 45 =2 d4 = 2 433 44 = 3 44 = 3
TPAP (mm Hg) il +2 B2 31 +2 n+=3 3+ 2
PCWP (mm Hg) 28 = | kX I b 32+ 1% 33 & 24 26 =+ 1
VP (mm Hg) 10+ 1 9+2 9+12 9+ 2 912
Cardiac output (L/min) 31 =02 32+02 31 =02 3.2 =03 3l =03
Heart rate (beais/min) M6 B9 x 6 86 =7 80 =7 BT = 6
5V (ml) 36+ 3 T+ 3 T3 B+ 4 37T+ 4
RVEF (%) 142 =2 13719 153 = 26 151 = 2.6 1227 = 1.7
hvEDV {ml) 281 + 37 285 + 31 272 £ 33 275 £ 29 306 x 27
RVESY (ml) 247 =37 250 + 31 238 + 34 239 + 30 273 + 35
PVR (Wood units) 59+ 0.7 3T = 04" 17 =05 37 > 0.5 39 = 0.8
SVR (Wood unils) 248 = 2.7 253+ 27 253225 247 £ 23 260 = 3.2
TPG (mm Hg) 17+2 11+1" =2 =1 183
Intrapulmonary shunt fraction (%) 58+ 1.2 61 = L1 fh.6 + 1.5 0.6 = 2.1% 11.7 + 25
Sv0, (%) 53236 544 £33 545 = 3.6 535 = 34 323 = 35
530, (%) 97.5 + 0.5 97.5 + 0.5 97.4 + 06 958 + 0.9 851 = 1.2
a0, (kPa) 152+ 1.4 149 = 14 152 = L3 1.7 = 1.0 11.3 = 1.0

MAP, Mean arterial pressure; SPAP, systolic pulmonary arterial pressure; MPAP, mean pulmonary arterial pressure; DPAF, diastolic
pulmonary arterial pressure; PCHY, pulmonary capillary wedge pressure; CFF, central venous pressure; SV stroke volume; RVEF, right
wentricular ejection fraction; RFEDV, right ventricular end-diastolic volume; RFESY, right ventricular end-systolic volume; PFR,
pulmonary vascular resistance; SFR, systemic vascular resistance; TPG, transpulmonary gradient; Sv(},, oxygen saturation of mived venous
blond; Sacd,, ooygen saturation of arterial blood; Prd,, partial pressure of oxygen in arterial blood,

*p < 0,01, NO, 20, 40, and 80 ppm versus hasal state.

tp = 0.05, NO, 20, 40, and 80 ppm versus basal state,

The only other significant change was PCWP, which showed a significant increase during iNO
treatment that appeared at 20 ppm and persisted through each step-wise dose increase, without
any apparent dose response.12 In some contexts, this could be an undesirable haemodynamic
change, and represents a potential safety issue when iNO is used in subjects with left ventricular
failure; as discussed further in the Safety section.

No significant changes in MAP or SVR were observed during iNO treatment, consistent with
other studies showing pulmonary selectivity for iNO.

12 Note that the Sponsor’s description of this study in Table 3 of their Clinical Overview reads “iNO significantly
reduced PCWP and PVR at a dose of 20ppm.” This is an error, because the study actually showed a significant increase
in PCWP at all three doses tested.
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Figure 43: Haemodynamic response to iNO
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Individual changes in mean pulmonary arterial pressure (MPAP) (A),
pulmonary capillary wedge pressure (PCWP) (B), transpulmonary gradient (TPG) (C), and
pulmonary vascular resistance (PVR) (D)) as a result of inhalation of nitric oxide (NO, 20
to 80 ppm) in 12 patients. One patient was exposed only to 20 ppm NO because he did
not tolerate facc mask,

When the effects of iNO were compared to intravenous vasodilators, several significant
differences were observed, as noted in the table below. In particular, both intravenous
vasodilators caused a reduction in systemic arterial pressure (MAP) which was significant
relative to baseline and significantly different from the lack of change observed during iNO
treatment. Both intravenous drugs also significantly lowered PVR, and PGI2 produced a lower
PVR than had been observed on iNO 20ppm, though this difference was not significant. Unlike
iNO, both intravenous vasodilators produced a significantly lower MPAP, compared to baseline,
and the comparisons with iNO were also significant. Thus, the intravenous vasodilators
appeared more potent than iNO in both the pulmonary and systemic vasculature, with less
pulmonary selectivity. This was reflected in the PVR/SVR ratio, which fell significantly in the
iNO group but not in the intravenous groups; the difference between SNP and iNO was
significant.
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Table 63: Comparison of the effects of INO, SNP and PGI2

Effects of nitric oxide, 20 ppm, sodium nitroprusside, and PGl, on central

fhemodynamics, right ventricular function, and oximetric data
¥ R

T g Basal state (0 ppm)  NO (20 ppm) SNP PGI, NOvs SNP NO vs PG,

- —

Emp {mm Hg) Bl=+4 LR 71+ 40 i + 2* T t
M(n:mﬂg} 66 = 4 6d = 3 56 * 5% 61 = 4* & §
FH(NT“HEJ 45 = 2 44 = 2 6 = 3+ 38 + 3t T §
PAFP {m"l Hg} il =2 33 = 32 27x2 T ]

CpCWP (mm Hg) 28+ 1 33 18 =+ 2* 9+ 2 t §

Fevp (mm Hg) 10+ 1 92 4x1° g1 t NS

:_‘brdmc output 3l =02 3iz=02 4.9 = 0.5 4.9 + 0.5 T t

e in)

,Hurl rate (beats/min) 90 + 6 B9+ 4 BB =6 57 NS NS
SV (ml) 36+ 3 37 %3 Sh =+ §° 52 + 4* t t
VEF (%) 14.2 + 2 13.7 = L9 235+ 48 156 = 1.3 NS NS

ERVEDV (ml) 281 = 37 285 = 31 247 = 26 312 £ 25 NS NS

SRVESY (ml) 47 = 37 250 = 31 05 = 29 204 = 22 NS NS

P\’R (Wood units) 59 =07 37+ 04" iR+ 0.5* 29 + 0.5* NS NS

s:m (Wood units) 4.8+ 27 5.3 =27 48 + L8 129+ 11* i t

_PVR/SVR ratio 0241 £ 0022 0162 = 0.019* 0271 = 0,037 0224 = 0,031 § NS
G (mm Hg) 172 11 =1* 18 =2 13«2 § NS

“Intrapulmonary shunt 5812 6.1 + 1.1 181 =28 222 +33 t t

i Traction (%)

S0, (%) 532+ 36 544+ 33 658 = 2.0* 629 = 344 § §

| a0, (96) 97.5 = 0.5 975 = 0.5 944 = 1.0¢ 92.2 = 1.6* § t

?:ncr, (kPa) 152 £ 14 14.9 + 1.4 0209  9.0=08° § t

n extraction (%) 455 = 4.7 44.3 + 33 04+ 23* 3le + 33 T i

| SNF, Sodium nitroprusside; MS not significant; for other abbreviations see Table 11.
l,p < 001, MOy, 20 ppm, SNP and PGL, versus basal state,

’to < 001, MO, 20 ppm, versus SNP and PG

{p < 005, NO, 20 ppra, SNP and PG, versus basal state,

tp < 005, NO, 20 ppm versus SNF and PGI,.
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Figure 44: Effects on efficacy variables of iNO, SNP and PGI2
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Mean pulmonary arterial (MPAPF) and pulmonary capillary wedge (PCHP)
pressures, systemic (SFH) and pulmonary (PFR) vascular resistances, PYRSVR ratio, and
transpulmonary pressure gradient §7PG) for basal state (C), nitric oxide (M) inhalaton
with 20 ppm, sodium nitroprusside (SNP) infusion, and prostacyelin (PG1,) infusion, Diata

presented are mean = standard error of the mean. Statistical significance 1 shown for
nitric oxide (NQ), 20 ppm, sodium nitroprusside, and PGL, versus basal state, “p < 0L05;
- -

p = 0.01.

7.4.9.9, Conclusion

Overall, this study in adults confirms that iNO is a selective vasodilator in the pulmonary
circulation, lowering PVR, though it showed minimal direct effects on MPAP in this particular
pre-operative population, who showed a greater MPAP reduction with intravenous PGI2 and
nitroprusside. One of the proposed rationales for iNO therapy in the post-operative setting -
replacement of a lack of NO caused by endothelial dysfunction; does not apply to the patients in
this study. The study is therefore only indirectly supportive of the efficacy of iNO for the
proposed indication. Importantly, the study did not show a dose response effect in the dose
range 20 ppm to 80 ppm, though this observation might not apply to the post-CPB setting,

where the causes of elevated PVR and the adequacy of endogenous NO production are likely to
be different.
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7.4.10. Rajek 2000
7.4.10.1. Abstract

Inhaled Nitric Oxide Reduces Pulmonary Vascular Resistance More Than Prostaglandin E1
During Heart Transplantation.

Heart transplantation in patients with increased pulmonary vascular resistance is often
associated with post-bypass right heart failure. We therefore compared the abilities of
prostaglandin E1 (PGE1) and inhaled nitric oxide to reduce pulmonary vascular resistance
during heart transplantation. Patients undergoing orthotopic heart transplantation for
congestive heart failure were randomly assigned to either a PGE1 infusion at a rate of

8 ng-kg-1'min-! starting 10 min before weaning from cardiopulmonary bypass (CPB) (n = 34) or
inhalation of 4 ppm nitric oxide starting just before weaning from CPB (n = 34). Both treatments
were increased stepwise, if necessary, and were stopped 6 h post-operatively. Hemodynamic
values were recorded after the induction of anaesthesia, 10 and 30 min after weaning from CPB,
and 1 h and 6 h post-operatively. Immediately after weaning from CPB, pulmonary vascular
resistance was nearly halved in the nitric oxide group but reduced by only 10% in the PGE1
group. Pulmonary artery pressure was decreased approximately 30% during nitric oxide
inhalation, but only approximately 16% during the PGE1 infusion. Six hours after surgery,
pulmonary vascular resistance and pulmonary artery pressure were similar in the two groups.
The ratio between pulmonary vascular resistance and systemic vascular resistance was
significantly less in the nitric oxide patients, at all post-bypass times. In contrast, the
pulmonary-to-systemic vascular resistance ratio increased approximately 30% in the patients
given PGE1. Cardiac output, heart rate, mean arterial pressure, right atrial pressure, and
pulmonary wedge pressure did not differ between the groups. Weaning from CPB was
successful in all patients assigned to nitric oxide inhalation; in contrast, weaning failed in six
patients assigned to PGE1 (P = 0.03).

Implications: Nitric oxide inhalation selectively reduces pulmonary vascular resistance and
pulmonary artery pressure immediately after heart transplantation which facilitates weaning
from cardiopulmonary bypass.

7.4.10.2. Study design, locations and dates

Rajek et al assessed the haemodynamic efficacy of iNO in comparison to intravenous PGE1 in 70
adult patients (59 men, 11 women, evaluable n = 68) undergoing orthotopic heart
transplantation in a randomised, prospective, open label, parallel group, active controlled study.

At the time of the study, in the investigators’ hospital, PGE1 was considered standard care to
limit right heart failure after heart transplantation.

7.4.10.3. Inclusion and exclusion criteria
Eligible subjects were adults undergoing heart transplantation.

Phosphodiesterase inhibitors were not allowed in the protocol, and two subjects (one from each
group) who received these during the observation period were subsequently excluded from
analysis. The main analysis is therefore based on 34 subjects in each group although 35 were
initially randomised to each group.

7.4.10.4. Study treatments
Subjects were randomised to iNO or PGE1 with equal probability.

The nitric oxide group (n = 35) received iNO just before termination of CPB, at an initial
concentration of 4 ppm. (This dose is much lower than in several of the other studies
submitted.) The dose was increased, stepwise, as required, to treat pulmonary hypertension
and maintain MPAP < 25 mm Hg, up to a maximum of 24 ppm. The iNO was delivered from a
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cylinder containing 1000 ppm in nitrogen, diluted as needed and introduced into the ventilator
circuit, with standard monitoring for by-products.

The prostaglandin group (n = 35) received IV PGE1, starting 10 min before weaning from
bypass, at an initial rate of 8 ng-kg--min-1. The dose was increased, stepwise, to 16 ng-kg-1-min-1
and then to 24 ng-kg-1'min-!, as needed to keep MPAP < 25 mm Hg.

The protocol allowed rescue crossover between treatment groups if right heart failure
developed, as follows: “Patients were switched to the alternative study drug when pulmonary
artery pressure was consistently elevated at the highest permitted dose, and weaning from bypass
proved difficult because of right heart failure. Right heart failure was defined by a high mean
pulmonary artery pressure, an increase in right atrial pressure to more than 15 mm Hg, a decrease
in mean arterial pressure to < 40 mm Hg, and a decrease in mixed venous oxygen saturation to

< 40%. Additionally, right heart failure was detected by dilation and hypocontractility of the right
ventricle as observed in the surgical field.” This was an appropriate ethical measure, though it
potentially limited the ability of the study to show differences in outcome in the two groups.

In addition to randomised therapy, subjects received routine perioperative care, which
potentially included digoxin, diuretics, angiotensin-converting enzyme inhibitors, beta-blockers,
and nitrates. Some patients in both groups required a continuous pre-operative infusion of
PGE1 and/or dobutamine. Anaesthesia was induced with IV etomidate (0.2 mg/kg), midazolam
(0.1 mg/kg), fentanyl (5 mg/kg), and pancuronium (0.1 mg/kg). Anaesthesia was maintained
with fentanyl (0.3 mg/h), midazolam (4 mg/h), and pancuronium. CPB was performed at a core
temperature of 32°C.

[soproterenol was administered to all patients to achieve a heart rate between 100 and
120 bpm. Infusions of norepinephrine or epinephrine (adrenaline) were given as required to
maintain mean arterial pressure > 65 mm Hg.

7.4.10.5. Efficacy variables
The following variables were measured or calculated:
e mean arterial pressure
e mean pulmonary arterial pressure
e right atrial pressure
e heartrate
e cardiac output (average of three thermodilution measurements)
e pulmonary vascular resistance
e systemic vascular resistance
e transpulmonary gradient
e mixed venous oxygen saturation
e mixed venous and arterial blood gas tensions.

Hemodynamic variables were monitored continuously but recorded for efficacy analysis at the
following time-points:

e after the induction of anaesthesia
e 10 and 30 min after weaning from CPB

e 1 and 6 h post-operatively in the intensive care unit.
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7.4.10.6. Methods

The authors described their statistical methods as follows: “Our primary statistical analysis was
multiple regression. The patients were nested random factors within the two study groups. The five
time points were considered categorical factors. Comparison between groups was restricted to
pre-planned contrasts at the five specified time points. The fraction of patients switched from one
study drug to the other was evaluated with a Fisher’s exact test. Patients switched to the
alternative drug were statistically evaluated separately. A P value of 0.05 was considered
statistically significant. All results were expressed as mean and least-square standard errors.”

Thus, the primary statistical analysis was based on multiple regression. No single
haemodynamic variable was explicitly designated as primary, and there was no apparent
correction for the use of multiple efficacy variables, but the paper focussed on PVR as the main
measure of efficacy. Power calculations and sample size were not discussed.

7.4.10.7. Baseline data

The two treatment groups were reasonably well matched at baseline and for key operative
details, as shown in the table below.

Table 64: Patient characteristics

Mitric
PGE, oxide
Male/female 31/3 26/8
Age (yr) 55=+9 5 =11
Height {cm) 172 £5 172 7
Weight (kg) 738 731
lschemic cardiomyopathy /idiopathic 14/20/1 16/18/1
cardiomyopathy /others
Preoperative PGE, infusion 7127 6/28
Cold ischemia time (min) 169 = 45 192 = 56
Total bypass time (min) 184 = 35 183 = 41
Preoperative l;:ulmunm'_\' vascular 26=11 28=x19
resistance (Wood units)”

Data are presented as mean = sp.

There were no statistically significant differences among the patients given
PGE,; and nitric oxide.

PGE, = prostaglandin E,.

* Measured when placed on transplant waiting list.

7.4.10.8. Results

The authors presented the key results for PVR, PAP and PVR/SVR as figures rather than as
tables. These are shown below. In the iNO group, a major reduction in PVR occurred early,
within ten minutes of CPB (from 326 * 21 to 180 + 15 dynes-s-cm5), and this was statistically
significant (p < 0.0001) compared to PGE1, where the initial reduction was relatively minor
(295 + 30 to 264 * 27 dynes-s-cm-5). The difference was still significant at one hour post-CPB. By
six hours after CPB, subjects in the PGE1 group had shown further reductions in PVR and were
approaching the levels seen in the iNO group; the difference between groups as no longer
significant.
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Figure 45: Evolution of PVR in response to iNO and PGE1
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Reductions in MPAP are shown in Figure 46. Despite the fact that both treatments were
supposed to have their dose titrated to MPAP < 25 mm Hg, this was not achieved in the PGE1
group and MPAP in this group remained significantly higher than in the iNO group until 6 hours
after surgery. It was not clear if the failure to achieve the target reflected an inadequate
maximum PGE1 dose. Six subjects switched from PGE1 to iNO, because of right heart failure not
controlled by PGE1, and the data from these subjects has been excluded. Had these failing
subjects remained on their assigned treatment, the superiority of iNO would be expected to
have been even greater.

Figure 46: Evolution of PAP in response to iNO and PGE1

35 -
L
. Just after the induction of anesthesia, mean pulmonary
W) arterial pressure was increased in patients assigned to prostaglan-
',‘ din [ 1 (P il',} (ot 28, B and nitrie oxide {rr 4, @), The adnun
30 4 \ istration of PGE; and nitric oxide, starting just before the weaning
\ * from CT'B, reduced pressure in both groups. However, the decrease
PAP' % & ; 1 masan p|.|.||1 oAy arterial PrUssUTe Wis \I“ﬂl.!l\_.lllrl:\.' greater in thas
{II'l]III'Ig} . paticnts assigned o nitoc oxide, Data from six patients whe were
1 L—-L oy switched from PGE, ko nitric oxide are not shown, Results presented
25 4 \ + A% PN T OSEM 'r\l.sl:n-hn.'.alt:c stgmificant differemces between the
\ T ) Froups
zu h L 'l i i
After 1 ] 1 hour & hours

induction minutes minutes after affter
after after SUFRETY  SUTRETY
bypass  bypass
The PVR/SVR ratio showed that iNO was more selective for the pulmonary circulation than
PGE1, and the differences between the groups persisted throughout the treatment period.
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Figure 47: Evolution of PVR/SVR ratio in response to iNO and PGE1
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For several other efficacy variables, both treatment groups showed a change from pre-
treatment values, as shown in the table below. Some of these changes could reflect the use of
other agents, such as isoproterenol, norepinephrine or epinephrine (adrenaline), so it is the
between group differences that are important. Mean arterial pressure fell more in the PGE1
group, reflecting the non-selectivity of this agent. Cardiac output improved more in the iNO

group.
Table 65: Haemodynamic responses

Pretransplantation Posttransplantation
(after the induction of anesthesia) {10 min after CPB)
PGE,; Mitric oxide PGE; Mitric oxide
Heart rate “"I,"HI] 91 =3 B3 127 = 2*t 130 = 2*%
CO L/ min) 39 = 1.1 35 =02 4.8 = 1.3% 2] = 0.2%
MAT {mm Hg) Fx3 THx2 60 = 2*¢ 65 = 2*t
BAP {mm Hg) 12+1 131 8 = 0.5% 7 = 0.6%
PCWP (mm Hg) 17 +1 21+1 11 = 1% 11 = 1%
PG (mim Hg) 14=1 131 151 11 = 1"
Hl'l::l:. (%6} =2 o6f =2 [ B G >3
pH 741 = 0.05 742 = 0.01 733 = 008+ 735 = 0.014
Dhata are presented as mean T SEM
Fatients switched to the altemative therapy are not included in this @ble.
PGE prostaglandin By, CPB = cardiopulmomary bypass, OO0 = cardiac output, MAF = mean arterial pressune, AP = right atrial pressane, PCWEP

|'\-ul:|-.|-|-.1r-. wedge pressire, TG transpiulmonary gradient, Svo mixed venous oxyEen saturalion
* Statistically skpnificant differences between PGE,; ard nitric oxide ot each tme
t Significant differences among pretmnsplant values

In subjects who switched from PGE1 to iNO because of persistent treatment failure, cardiac
output and PVR were poorer at 10 minutes post-CPB, but these had improved at 6 hours
post-surgery. Given that this was a non-random subgroup of the original population, selected
for non-responsiveness; it is difficult to draw firm conclusions from this data. Nonetheless, the
fact that 6 PGE1 subjects required rescue therapy with iNO, and no subjects randomised to iNO
required rescue with PGE1, supports the overall superiority of iNO. The difference in the
number of subjects requiring rescue therapy was significant (iNO, 0 out of 34, PGE1, 6 out of 34,
p=0.03).

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 149 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

Table 66: Haemodynamic responses of patients switched from PGE1 to iNO

Pretransplantation Posttransplantation Posttransplant
Lalter the induction of anesthesia) (10 min after CPBY (6 h F'-.'Hh"}"t'l ativelv)

Heart rate [|'~fl|||.i- B3z h 133 = 51 128 = 4t

CO L mam) 1.1 =02 1.1 =04 6.4 = 0.6

MAP {mm Hg) e 14 o0 * 6

RAP (mm Hg) Bx1 10=2 12 =24

PCWP (mm Hg) 183 11 = 3+ 1224

PAP (mum Hg) 5 =4 L= 7= 3

PVE (dvnes - 5 cm oy 342 = 30 276 = 194 181 = XH

TPG {mm Hg) 17 =2 14 = 1t 14 = 24

Svio (Th) Ti=3 a1 = 5% i+ 4

pH 740 = 0.02 7.26 = 0.04% 7.25 + 0,024

Data are presented as mean = $EM

PG Ey. CFB = cardiopulmonary bypass, CO = cardiae owtput, MAP = mean arberial pressure, RAF = right atrial pressure, PCWP
il e, VR pulmanary vascular resstance, PG transpulmonary gradient, Svoy = mixed venous oxygen saturation

"5 1 differemoes | ri PCE, and nitrbe oxide af each dme

t Significant differences among pretransplant valhwes

7.4.10.9. Conclusion

Overall, this study confirms that iNO is effective at reducing PVR in subjects following CPB, and
that it has selectivity for the pulmonary vasculature. In this population (adults undergoing heart
transplant), it appears superior to [V PGE1, at least at the doses of PGE1 tested. This provides
indirect support for the somewhat different context of children undergoing CPB for congenital
heart disease.

7.4.11. Radovancevic 2005
74.11.1. Abstract

Nitric Oxide versus Prostaglandin E1 for Reduction of Pulmonary Hypertension in Heart
Transplant Candidates.

Background: We sought to directly compare the effects of prostaglandin E1 (PGE1) and nitric
oxide (NO) in testing for pulmonary hypertension reversibility in heart transplant candidates.

Methods: We included 19 heart transplant candidates who fulfilled at least 1 of 3 criteria:
pulmonary vascular resistance (PVR) of >4 Wood units; transpulmonary gradient (TPG) of
> 12 mm Hg; or systolic pulmonary artery pressure (PAP) of >60 mm Hg. Patients randomly
received either PGE1 (0.05, 0.2 and 0.5 pg/kg/min) or NO (40, 60 and 80 ppm) and were
crossed over to the second medication after receiving the maximal dose of the first.

Results: With PGE1, TPG decreased by 21% (baseline 20.3 + 6.8 mm Hg; final 16.0 + 7.0 mm Hg)
compared to a 34% decrease with NO (baseline 20.8 + 6.2 mm Hg; final 13.8 + 5.4 mm Hg) (p =
0.13). PVR decreased by 42% with PGE1 (baseline 6.2 + 4.0 Wood units; final 3.6 + 1.8 Wood
units) and by 47% with NO (baseline 6.0 + 3.9 Wood units; final 3.2 + 1.6 Wood units)

(p = 0.87). Mean systemic pressure decreased with PGE1 (baseline 76.1 + 10.5 mm Hg; final
69.4 + 12.2 mm Hg; -9%) but not with NO administration (baseline 70.2 + 14.7 mm Hg; final
71.6 + 10.9 mm Hg; 2%) (p = 0.01). TPG was lowered to < 12 mm Hg in 14 patients. Of these,

6 (46%) responded to both PGE1 and NO, 4 (27%) responded only to PGE1, and 4 (27%)
responded only to NO.

Conclusions: The effects of PGE1 and NO on pulmonary hypertension are comparable, with
PGE1 having more systemic hypotensive effects. Due to variability of patient responses, we
recommend multiple rather than single-agent pharmacologic testing for the reversibility of
pulmonary hypertension.

7.4.11.2. Study design, locations and dates

Radovancevic et al used an open label crossover design to compare the haemodynamic effects of
iNO and intravenous PGE1 in adult subjects with pulmonary hypertension being considered for
heart transplant. Each agent was assessed at multiple doses.
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7.4.11.3. Inclusion and exclusion criteria

Eligible subjects were adult patients who were thought to be suitable for heart transplant
except for the presence of pulmonary hypertension (PH). Subjects had to fulfil one of three PH
criteria: pulmonary vascular resistance (PVR) of > 4 Wood units; transpulmonary gradient
(TPG) of > 12 mm Hg; or systolic pulmonary artery pressure (PAP) of > 60 mm Hg.

7.4.11.4. Study treatments

Subjects received PGE1 and iNO in a random order. Each agent was started at a low dose and
increased in stepwise fashion, with haemodynamic assessments performed after ten minutes at
the new dose. PGE1 (500 pg/100 ml) was administered at a dose of 0.05, 0.2 and 0.5 pg/kg/min
for 10 minutes each. Inhaled NO was administered via a tight-fitting facemask in a non-
rebreathing system at doses of 40, 60 and 80 ppm. Inspired oxygen concentration was kept
constant.

Subjects also received standard care for their underlying cardiac condition, except that
vasoactive agents were withheld 24 hours before the procedure No pre-medication was
administered.

7.4.11.5. Efficacy variables

The following efficacy variables were measured or calculated:

e systolic PAP

e PCWP

e right atrial pressure

e cardiac output

e cardiac index (litres/min/m2) = cardiac output/body surface area

e TPG (mm Hg) = mean PAP - PCWP

e PVR (Wood units) = TPG/cardiac output

e SVR (dyn-s:cm-5) = 80 (mean systemic arterial pressure - right atrial pressure)/CO.
74.11.6. Methods

The authors described their statistical methods as follows: “Variables are expressed as mean *
SD. A paired, 2 tailed Student’s t-test was used to compare hemodynamic parameters before and
after administration of either PGE1 or NO. The effects were analysed using 1 factor analysis of
variance (ANOVA) followed by Tukey'’s studentized test for continuous variables; p < 0.05 was
considered statistically significant.”

Although these are appropriate statistical tools, the paper did not designate a single efficacy
variable or statistical test as primary, and no correction was performed for the assessment of
multiple variables. The authors did not discuss power considerations or sample size.

74.11.7. Baseline data

The paper provided only brief details about the cohort under consideration. This omission was
tolerable because the crossover design removed the possibility of baseline mismatch. They
described their cohort as follows: “The study group included 19 patients (12 men, 7 women) with
long-standing heart failure in whom pulmonary hypertension was the only contraindication for
heart transplantation. Patient age ranged from 20 to 63 years (mean age 53 + 12 years). Seven
patients (37%) had ischemic heart failure and 12 (63%) had non-ischemic heart failure. The mean
left ventricular ejection fraction was 21 + 4%.”
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7.4.11.8. Results

The haemodynamic effects of each agent are shown in the tables and figures below. Both PGE1
and iNO produced reductions in TPG and PVR. The reduction in TPG was not significant for the
lowest dose of PGE1, but higher doses of PGE1 and all doses of iNO produced significant mean
reductions, compared to baseline. The haemodynamic response to all doses of iNO was very
similar, with no apparent dose trend across the range of 40 to 80 ppm. The reduction in PVR
and TPG was not significantly different for the two agents, but the changes were numerically
greater during the iNO treatment.

The effect of the two agents on systolic pulmonary artery pressure (SPAP) was somewhat
different; with PGE1 producing a significant reduction in SPAP compared to baseline but iNO
having no major effect. The difference between the two treatments for this parameter was not
statistically significant (p = 0.10). (The lack of a major effect for iNO on SPAP is broadly
consistent with the results of Kieler-Jensen et al, who also studied heart transplant candidates
pre-operatively.)

Table 67: Comparison of the effects of PGE1 and iNO on pulmonary haemodynamics

PGE, NO
Baseline Final Change Baseline Final Change p-value
TPG (mm Hag) 203 68 160270 =-21% 208 = 6.2 138 £ 54 =34% 0.13
PVR (Wood/Units) 62 x40 618 —42% 6039 3216 — 4% 0.87
Systolic PAP (mm Hg) B85 = 31 580 %24 —15% 65.1 = 0.4 60.1 =99 —B% 010

NO, nifric: cxide; PAP, pulmorcary artery pressure: PGE,, prostagiandin E,; TPG, transpuimonary gradient; PVR, pulmonary vascular resistance,
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Figure 48: Haemodynamic responses to increasing doses of PGE1 and iNO
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The two agents differed in their effects on the systemic circulation, with PGE1 producing a
systemic vasodilation response characterised by a reduction in mean BP and SVR. There was an
associated increase in cardiac index, which the authors suggested could be due to decreased
afterload in the PGE1 phase. The difference between the two agents was statistically significant
for all three variables (BP, SVR, CI), as shown in Table68.

Table 68: Comparison of the effects of PGE1 and iNO on systemic haemodynamics

PGE, NO
Baseline Final Change Baseline Firal Change p-value
Mean BP (mm Hg) 76.1 =105 694 =122 —9% 702 =147 76109 +2% 0.;m°
SVR (dyn sfem %) 1,685 = 843 1,210 = 546 -22% 1,445 = 681 1,333 = 520 =B% 0.03°
C1 {liters/min/m?) 1.96 = 0.67 218 = 0.75 +10% 218 = 0.81 210 = 0.63 — 4% 0.03°
BP, biood pressure; C, cardiac Index; MO, nitric oxide; PGE,, prostaglandin E,; SVR, systemic vascular resistance.

By < 0,05,

Finally, the authors noted that not all subjects responded to iNO and PGE1 in the same way.
They defined a response as a reduction of the TPG to < 12 mm Hg, and they noted that, by this
definition, 6 subjects (46%) responded to both PGE1 and iNO, 4 (27%) responded only to PGE1,
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and 4 (27%) responded only to iNO. This implies that non-responders to either therapy could
potentially be treated with the alternative agent.

7.4.11.9. Conclusion

[t remains unclear how well these results in pre-operative adults apply to the post-CPB
paediatric setting, but this study confirms that iNO is effective at reducing pulmonary vascular
resistance and that it is relatively selective for the pulmonary circulation, providing indirect
support for the propose indication. As in several other studies, higher doses of iNO (60 ppm,
80 ppm) did not produce greater efficacy than seen at 40 ppm.

7.4.12. Argenziano 1998
7.4.12.1. Abstract

Randomized, Double blind Trial of Inhaled Nitric Oxide in LVAD Recipients With Pulmonary
Hypertension.

Background. Pulmonary vascular resistance is often elevated in patients with congestive heart
failure, and in those undergoing left ventricular assist device (LVAD) insertion, it may
precipitate right ventricular failure and hemodynamic collapse. Because the effectiveness of
inotropic and vasodilatory agents is limited by systemic effects, right ventricular assist devices
are often required. Inhaled nitric oxide (NO) is an effective, specific pulmonary vasodilator that
has been used successfully in the management of pulmonary hypertension.

Methods. Eleven of 23 patients undergoing LVAD insertion met criteria for elevated pulmonary
vascular resistance on weaning from cardiopulmonary bypass (mean pulmonary artery
pressure > 25 mm Hg and LVAD flow rate < 2.5 L'min-1'm-2) and were randomized to receive
either inhaled NO at 20 ppm (n = 6) or nitrogen (n = 5). Patients not manifesting a clinical
response after 15 minutes were given the alternative agent.

Results. Haemodynamics for the group at randomization were as follows: mean arterial
pressure, 72 + 6 mm Hg; mean pulmonary artery pressure, 32 + 4 mm Hg; and LVAD flow,

2.0 £ 0.3 L'min-1-m-2. Patients receiving inhaled NO exhibited significant reductions in mean
pulmonary artery pressure and increases in LVAD flow, whereas none of the patients receiving
nitrogen showed hemodynamic improvement. Further, when the nitrogen group was
subsequently given inhaled NO, significant hemodynamic improvements ensued. There were no
significant changes in mean arterial pressure in either group.

Conclusions. Inhaled NO induces significant reductions in mean pulmonary artery pressure and
increases in LVAD flow in LVAD recipients with elevated pulmonary vascular resistance. We
conclude that inhaled NO is a useful intraoperative adjunct in patients undergoing LVAD
insertion in whom pulmonary hypertension limits device filling and output.

7.4.12.2. Study design, locations and dates

Argenzio et al used a randomised, placebo controlled, double blind design to assess the short-
term haemodynamic efficacy of iNO in 11 adult subjects with pulmonary hypertension
immediately undergoing insertion of a left-ventricular assist device (LVAD). After 15 minutes of
treatment, rescue therapy of non-responders provided additional crossover data for the 5
placebo recipients switching to iNO. The study was performed in New York, USA, in the lead-up
to publication in 1998.

7.4.12.3. Inclusion and exclusion criteria

Potential subjects were adults with severe cardiac failure scheduled to undergo LVAD insertion.
Final eligibility was determined at the time of weaning from CPB: subjects were required to
have elevated pulmonary vascular resistance (mean pulmonary artery pressure > 25 mm Hg
and LVAD flow rate < 2.5 L-min-1-m-2). Eleven of 23 initial candidates met these criteria and
were randomised.
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7.4.12.4. Study treatments

The active treatment was iNO, delivered at 20 ppm into the inspiratory limb of the ventilator
circuit, after suitable dilution in oxygen from the source cylinder containing NO at 800 ppm. The
placebo control consisted of nitrogen.

Non-responders switched after 15 minutes to the alternative therapy, which ostensibly
remained blinded (though investigators are likely to have inferred that these subjects were
receiving placebo when they showed no response).

7.4.12.5. Efficacy variables
Efficacy variables consisted of:
e mean arterial pressure
e mean pulmonary artery pressure
e LVAD flow.

None of these was formally designated as the primary endpoint, but iNO was being assessed for
its efficacy in treating pulmonary hypertension so the MPAP could be considered the main
efficacy variable.

7.4.12.6. Methods

The authors described their statistical approach as follows: “Hemodynamic and clinical data are
reported as the mean #* the standard error of the mean. Paired variables were analysed by the
paired Student’s t test, and unpaired variables were compared using the Wilcoxon nonparametric
test. A p value of less than 0.05 was considered significant.”

The authors did not identify a single primary endpoint, and they did not perform any correction
for the use of multiple endpoints. No discussion of sample size or statistical power was
provided. These methodological flaws are unlikely to have had a major impact on the study’s
conclusions, given that all iNO recipients and no placebo recipients showed a response to
treatment.

7.4.12.7. Baseline data

Basic demographic characteristics and disease characteristics for all eleven subjects are shown
in the table below, and pre-treatment haemodynamics in each treatment group are compared in
the subsequent table. Overall, the groups were reasonably well matched but the MPAP
elevations were milder, on average, in those randomised to placebo; this could have made it
more difficult to demonstrate superiority of iNO.

Table 69: Baseline haemodynamics

Hemodynamics Before Treatment in Patients
Randomized to Receive Inhaled Nitric Oxide or Nitrogen"

Total NQO, N,
Variable (n = 11) (n = 6) (n = 5)
MAP (mm Hg) 726 f9 =5 74 = 11
MPAP (mm Hg) 32+4 356 27 =3
LVAD index 20+03 1.9+ 02 2202
(L-min"'-m™3
# Data are shown as the mean = the standard error of the mean.
LVAD = left ventricular assist device; MAP = mean arterial pressure;
MPAP = mean pulmonary artery pressure; N, = nitrogen;
NO; = inhaled nitric oxide.
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Table 70 Patient characteristics

Demographic Characteristics and Prebypass
Hemodynamics of 11 Patients With Left Ventricular Assist
Device and Pulmonary Hypertension®

Variable Value
.'-\ge t_\‘} 553
Male to female ratio 7:4
Indication for LVAD support
Ischemic cardiomyopathy 7 (64)
Idiopathic dilated cardiomyopathy 2(18)
Myvocarditis 1(9)
Acute cardiac allograft failure 1(9)
Device
TCl pneumatic 7 (64)
TCI vented electric 3(27)
ABIOMED BVS 5000 1(9)
I-’r:.'npm'ati\'u ejection fraction 0,18 = 0.02
Prebypass hemodynamics
MAP (mm Hg) 71=5
MPAP (mm Hg) 42 =2
CO (L/min) 3.6 = 0.1
PVR (Wood units) 5304

* Data are shown as the mean = the standard error of the mean or as the
number of patients with percentages in parentheses.

CO = cardiac output; LVAD = left ventricular assist device;
MAF = mean arterial pressure; MPAP = mean pulmonary artery
pressure; PVR = pulmonary vascular resistance; TCl = Thermo

Cardiosvstems Inc.

7.4.12.8. Results

Subjects randomised to iNO showed a reduction in MPAP from 35 + 6 mm Hg to 24 + 4 mm Hg
(p =0.02) and an increase in the LVAD flow index from 1.9 *+ 0.2 L-min-1'm-2 to 2.7 * 0.3 L-min-
m-2 (p = 0.02). Those randomised to nitrogen placebo showed no significant haemodynamic
response, but subsequently responded to crossover therapy with iNO, with a reduction in MPAP
from 31 £ 4 mm Hg to 22 + 3 mm Hg (p = 0.02) and an increase in the LVAD flow index from 2.0
* 0.2 L'min-t'm-2to 2.5 + 0.2 L'min-1'm-2 (p = 0.002). Inhaled NO did not have any significant
effect on systemic blood pressure.

Figure 49: Treatment effects on MPAP and LVAD flow

p <005
40 =-T= p= 005 3 | 2 ’
| | a
| E
E a_n =
= | £ 2
g =
~ 20 =
5 :
E = 1
=
10 | &
=1
| =
0l =
NO, ] "
N,
[ ] Pre [l rost |7 Crossover Pre B ot 74 Crosover
Effects af futlunled l||.'-'|? \.ll.ljl'l IN{?,- aradl mitrogen (Mg o fieet writeic anciele (N arand stitrogens (N0 o left
IR | wiary artery pressiee (MPAPL e (LVADS fowe fmde

The authors also presented the combined iNO data from all 11 subjects, as shown in the table
below. Inhaled NO at a dose of 20 ppm produced a substantial and statistically significant
reduction in MPAP, an improvement in LVAD flow index, and no substantial change in MAP.
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(The MAP increased slightly after commencing iNO, consistent with pulmonary selectivity, but
the changes were not significant.)

Table 71: Haemodynamics before and after treatment with iNO

After
Variable Before NO, Ny
MPAP (mm Hg) 33+4 23+ 3°
LVAD flow index (L - min™' - m™%) 1.9 = 0.1 26 + 0.2¢
MAF (mm Hg) 71=6 TTx4
*Six patients were initially randomized to NO), and 5 patients crossed
over from nitrogen to NOj, b Data are shown as the mean = the
standard error of the mean. © significance: p = 0.03, 4 Significance:
P = 0,005,
LvVAD left ventricular assist device; MAP = mean arterial pressure;
MPAFP = mean pulmonary artery pressure; MOy = inhaled nitric

oxide.

7.4.12.9. Conclusion

Despite its small size, this study showed clear superiority of iNO over placebo and is consistent
with other studies in demonstrating that iNO selectively reduces pulmonary vascular resistance
in the post-CPB setting. One substantial limitation of the study is that it was very short term,
with rescue therapy instituted after 15 minutes, but longer delays in commencement of effective
therapy would have been problematic on ethical grounds.

Although this study was performed in an adult population undergoing LVAD insertion, rather
than in children undergoing cardiac surgery, many of the mechanisms of post-CPB pulmonary
hypertension are likely to be similar in the two populations and thus this study provides strong
indirect support for the proposed indication.

7.4.13. Sponsor Study, INOT41
This sponsor led study was published by Potapov et al, with the following abstract:

Inhaled nitric oxide after left ventricular assist device implantation: A prospective, randomized,
double blind, multicentre, placebo controlled trial.

Background: Used frequently for right ventricular dysfunction (RVD), the clinical benefit of
inhaled nitric oxide (iNO) is still unclear. We conducted a randomized, double blind, controlled
trial to determine the effect of iNO on post-operative outcomes in the setting of left ventricular
assist device (LVAD) placement.

Methods: Included were 150 patients undergoing LVAD placement with pulmonary vascular
resistance > 200 dyne/sec/cm-5[sic13]. Patients received iNO (40 ppm) or placebo (an
equivalent concentration of nitrogen) until 48 hours after separation from cardiopulmonary
bypass, extubation, or upon meeting study defined RVD. For ethical reasons, crossover to open
label iNO was allowed during the 48-hour treatment period if RVD criteria were met.

Results: RVD criteria were met by 7 of 73 patients (9.6%; 95% confidence interval, 2.8 to 16.3)
in the iNO group compared with 12 of 77 (15.6%; 95% confidence interval, 7.5 to 23.7) who
received placebo (p = 0.330). Time on mechanical ventilation decreased in the iNO group
(median days, 2.0 versus 3.0; p = 0.077), and fewer patients in the iNO group required an RVAD
(5.6% versus 10%; p = 0.468); however, these trends did not meet statistical boundaries of
significance. Hospital stay, intensive care unit stay, and 28 day mortality rates were similar
between groups, as were adverse events. Thirty-five patients crossed over to open label iNO

13 Throughout Potapov et al and the Sponsor’s description of this study, units of vascular resistance were mistakenly
referred to as dyne/sec/cm-5 instead of dyne-sec-cm5.
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(iNO, n = 15; placebo, n = 20). Eighteen patients (iNO, n = 9; placebo, n = 9) crossed over before
RVD criteria were met.

Conclusions: Use of iNO at 40 ppm in the perioperative phase of LVAD implantation did not
achieve significance for the primary end point of reduction in RVD. Similarly, secondary end
points of time on mechanical ventilation, hospital or intensive care unit stay, and the need for
RVAD support after LVAD placement were not significantly improved.

7.4.13.1. Study design, objectives, locations and dates

This sponsor led study used a randomised, double blind, prospective design to assess the
clinical utility of iNO to prevent right ventricular dysfunction in the setting of LVAD insertion in
adults with cardiac failure.

The stated objectives were as follows:

“Primary: To assess the utility of inhaled nitric oxide (iNO) for the management of acute
right ventricular failure (RVF) during left ventricular assist device (LVAD) placement with
cardiopulmonary bypass (CPB).

Secondary:
o Assess the safety of iNO in this population
o Assess effect of iNO on:
— length of time on mechanical ventilation
— number of ICU and total hospital days from date of surgery until discharge date

— need for renal replacement therapies (haemodialysis, [...] hemofiltration) by
Day 28

— blood product usage
— survival, assessed at Day 28
— number of subjects requiring right ventricular assist device (RVAD) by Day 28”

The study was designed as a multinational study, but ultimately only USA and Germany
contributed patients. The study ran from 4 September 2003 to 13 March 2008.

7.4.13.2. Inclusion and exclusion criteria

The target population consisted of adults undergoing a LVAD insertion with cardiopulmonary
bypass, who exhibited elevated pulmonary vascular resistance (PVR).

Specific inclusion criteria consisted of:
e age=18years
e informed consent

e scheduled to undergo first LVAD implantation (or 6 months after explanation of previous
LVAD)

e pulmonary vascular resistance (PVR) of = 2.5 Wood units (200 dynes.sec.cm-5) in the 30 day
period prior to LVAD placement.

Exclusion criteria were:
e pregnancy

e undergoing elective biventricular assist device (BiVAD) surgery, or currently using
temporary BiVAD

e received iNO within 24 hours prior to study onset
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e congestive cardiac failure due to giant cell myocarditis or restrictive cardiomyopathy

e other investigational drugs that could change systemic or pulmonary vascular resistance.
7.4.13.3. Study treatments

Subjects were randomised to iNO 40 ppm or matching nitrogen placebo.

NO was obtained from source cylinders containing NO 800 ppm in nitrogen. The iNO was
administered using a blinded version of the INOvent delivery system, connected to the
inspiratory limb of the ventilator circuit, and mixed with oxygen.

The placebo control consisted of one hundred percent (100%) grade 5 nitrogen (N2) gas which
was administered via an iNO delivery system at an ostensibly identical dose to the active agent.

After 48 hours of double blind treatment, investigators could switch their patients to open label
iNO (INOmax) if clinically indicated. When ceasing study drug or open label iNO, a pre-specified
cautious weaning process was used.

7.4.13.4. Efficacy variables and outcomes

The primary endpoint was treatment failure (right ventricular dysfunction) occurring within 48
hours during treatment with study drug.

The definition of failure was complex but clearly articulated in the study protocol. The sponsor
modified the definition to make it more inclusive during the study, in protocol amendments, but
before any subjects had reached treatment failure. A major reason for adopting failure as the
endpoint is that it potentially allowed subjects to be rescued with open label iNO without
compromising demonstration of efficacy; unfortunately, several patients received rescue iNO
without satisfying the formal definition of treatment failure and this weakened the study.

Failure criteria consisted of specific physiological criteria, which had to be sustained for

15 minutes after complete removal from CPB support, OR failure to wean from CPB at least once
due to hemodynamic failure (not including re-initiation of CPB to correct bleeding or other
technical issues) or death.

The physiological criteria for failure consisted of having 2 or more of the following for 15
minutes:

e Left ventricular flow rate index (LVFRI) < 2.0 L/min/m?2

e Administration of = 20 inotropic equivalents (IE)

e Mean arterial pressure (MAP) <55 mm Hg

e (Central venous pressure (CVP) 2 16 mm Hg

e Percentage of mixed venous oxygen saturation (SvO2) of < 55%.

Inotropic equivalents were specified for all inotropes, as follows:

e 10 pg/kg/min dopamine, dobutamine, enoximone or amrinone was equivalent to 10 [E
e 0.1 pg/kg/min epinephrine or norepinephrine was equivalent to 10 IE

e 1 pg/kg/min milrinone was equivalent to 15 IE

e 0.1 U/min vasopressin was equivalent to 10 IE.

Secondary endpoints consisted of the following, which were specified in hierarchical order:
e duration of mechanical ventilation

e number of ICU days

o number of hospital days
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e number of subjects requiring renal replacement therapy

e quantity of blood products used

e survival by Day 28

e number of subjects requiring right ventricular assist device (RVAD) by Day 28.

Overall, these endpoints appeared appropriate and clinically meaningful. In retrospect, for a
study of this size, the primary endpoint was reached too infrequently and the study was
underpowered. Also, several subjects switched to open label iNO without meeting these criteria,
indicating that investigators were not comfortable waiting for formal treatment failure or were
unaware of the precise definition.

7.4.13.5. Randomisation and blinding methods

Subjects were randomised with equal probability to iNO or placebo, using block randomisation
by site. Blinding was achieved by using identically appearing coded cylinders for iNO and
placebo, and using a masked version of the iNO delivery system that prevented detection of the
administered substance.

Some degree of unblinding could have occurred as investigators observed the response to
therapy, but this is an unavoidable feature of using an active agent in comparison to placebo. No
other tell-tale features of iNO therapy are likely to have compromised blinding.

7.4.13.6. Analysis populations

The sponsor defined an efficacy population, consisting of all randomised subjects, who were
analysed on an intent to treat (ITT) basis, and a safety population, consisting of all patients who
received study drug. The ITT population contained 150 subjects, 129 men and 21 women; the
safety population contained 137 subjects.

7.4.13.7. Sample size

The sponsor performed appropriate power calculations to determine sample size, but the
assumptions underlying these calculations proved to be false and the study was ultimately
under-powered. The main problem was that the failure endpoint was reached less commonly
than anticipated, and some patients were switched to open label iNO without reaching the
formal failure endpoint.

Originally, a total of 110 subjects (55 per treatment group) were planned, based on an assumed
failure rate of 50% in the placebo group and a target failure rate of 25% in the treatment group.
By these assumptions, with a desired type I (a) error of 0.05 used as the threshold for statistical
significance (2 tailed), the study would have had a power (1 - 3) of 80%.

Blinded surveillance during the study showed that the failure rate was lower than this, and the
total recruitment target was increased to 150 subjects. The eventual failure rate was only 15.6%
in the placebo group, so the study remained under-powered.

7.4.13.8. Statistical methods

The sponsor proposed two main methods of analysing the primary endpoint: Fisher’s Exact test
and logistic regression models. The Fisher’s exact test was considered the primary analysis
method, whereas the logistic regression model was used in an exploratory manner, to clarify the
significance of treatment and to investigate the effects of other covariates. Factors included in
the model were “centre, interaction of treatment group and centre, device type, age, sex, aetiology
(that is, myocardial infarction, hypertension, valvular heart disease, cardiomyopathy, other), pre-
operative circulatory support, and the use of blood products.”

Additional analysis included a Kaplan-Meier survival analysis of time to failure.
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Secondary endpoints were assessed with an analysis of variance (ANOVA) model or logistic
regression model, depending on the variable, and with appropriate co-factors included in the
model.

The sponsor use a hierarchical testing procedure with a clearly defined ranking of the
secondary endpoints (as listed above), such that significance of lower-ranked endpoints would
only be considered valid if higher endpoints achieved significance. Analysis was based on the
ITT population, with no data imputation. Overall, the statistical methods were appropriate, and
they were clearly defined in a rigorous prospective manner.

7.4.13.9. Participant flow

Participant flow is summarised in the figure below, from Potapov et al. All randomised patients
were analysed, with 100% patient follow-up, even though 13 subjects did not receive treatment.

Figure 50: Patient disposition
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7.4.13.10. Major protocol violations/deviations

Protocol violations were rare in this study, and are described by the sponsor as follows: “Six
(4%) of the 150 enrolled subjects (4 PBO, 2 iNO) had protocol deviations at study entry; however,
no subject was excluded from the efficacy analysis for this reason. Four of the 6 subjects (2 PBO,

2 iNO) did not have a PVR of 2 2.5 Wood Units in the 30 day period prior to LVAD placement. The 2
other deviations included 1 subject in the placebo group who was to undergo an LVAD placement
in the absence of cardiopulmonary bypass and 1 who received iNO therapy within 24 hours prior
to the study.”

The most common protocol deviation, lack of sufficiently elevated PVR, might be expected to
make it more difficult to demonstrate efficacy of iNO. None of the deviations is likely to have
caused bias in the study.

As shown in the participant flow diagram, some subjects (placebo 9, iNO 6) switched to open
label iNO without satisfying the criteria for treatment failure, but this was not considered a
protocol deviation as it was within the scope of the study for clinicians to make this switch on
safety grounds. These switches are likely to have weakened the power of the study, however,
because they protected patients from reaching the formal failure criteria and reduced the
treatment differences between the groups.

7.4.13.11. Baseline data

Baseline data in the study population is summarised in the table below, from Potapov et al. The
two groups differed significantly in age (p = 0.046, iNO recipients slightly older), and baseline
PCWP (p = 0.013,iNO recipients with higher left atrial pressures). These minor differences
could have biased the study against iNO, but are unlikely to have made a major difference to the
outcome.

Table 72: Baseline characteristics of the intent-to-treat population

iND Placebo
Characteristic {n = 73) {n=77) p-value
Age, mean (50) years® 57.6 (9.75) 54.0 (11.95) 0.046
Gender, No. (%)
Male 64 (87.7) 65 (84.4) 0.642
Race, No. (%)
White 60 (82.2) 57 (74.0) 0.244
Black 11 (15.1) 13 (16.9) 0.826
Other® 2 (2.7) 7 (9.1) HA
Underlying diagnosis, No. (%)
Ischemic cardiomyopathy 18 (24.7) 19 (24.7) =0.99
Hypertension 21 (28.8) 29 (37.7) 0.299
Valvular heart disease 19 (26.0) 19 (24.7) 0.854
Other 48 (65.8) 56 (72.7) 0.380
LVAD type, No. (%)
Al 41 (56.2) 37 (48.1) 0.507
Pulsatile 31 (42.5) 36 (46.8) NA
TABP, No. (%) 15 (20.5) 12 (15.6) 0.525
Organ function, mean (S0)*
Serum creatinine, mg/dl 1.5 (0.6) 1.6 (0.7) 0.604
Blood urea nitrogen, mg,/dl 50.7 (37.2) 50.1 (32.1) 0.923
AST, Uliter 200.7 (744.9) 129.3 (375.5) 0.465
Total bilirubin, mg/dl 1.9 (2.7) 1.9 (3.2) 0.937
Baseline hemodynamics, mean (S0)
Cardiac index, liters/min/m?® 2.2 (1.79) 1.8 (0.69) 0.343
PVR, dyne/sec/cm™* 303.7 (17.41) 337.8 (25.75) 0.660
CVP, mm Hg 12.7 (5.96) 14.4 (7.23) 0.134
PCWP, mm Hg 23.0 (8.31) 26.7 (9.19) 0.013
S0, % 69.6 (12.32) 65.5 (18.47) 0.183

AST, aspartate aminotransferase; (VP, central wenous pressure; IABP, intra-aortic balloon pump; iND, inhaled nitric oxide; LVAD, left ventricular assist
device; MA, not applicable: PCWP, pulmonary capillary wedge pressure; PVR, pulmonary vascular resistance; 5wl mixed venous oxygen saturation.

*Proc T test used to calculate pvalue,

"Includes American Indian/Alaskan Mative and Hispanic patients.
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7.4.13.12. Results for the primary efficacy outcome

This study was negative for its primary outcome, with no significant difference noted between
the two treatment groups in the incidence of treatment failure (p = 0.3301). There was a
numerical superiority in the iNO group, however, that would be of substantial clinical worth if it
were confirmed in an adequately powered study: the failure rate was 9.6% with iNO, compared
to 15.6% with placebo.

The distribution of the time to failure was not significantly different in the two groups, but there
was a trend suggesting earlier failure in the placebo group (0.6 h) than the iNO group (3.6 h,p =
0.2486; see Table 73 and Figure 51).

For reasons that remain unclear, the primary endpoint showed a significant result in female
patients, but not even a favourable trend in males (failure in women: iNO 0/9 versus Placebo
(PBO) 5 out of 12 [41.7%], p = 0.0451; failure in men: iNO, 7 out of 64 [10.9%] versus PBO, 7 out
of 65 [10.8%], p = 1.0). Despite this, gender did not emerge as a significant cofactor in the
analysis, reflecting the lack of statistical power in the study. There are no a priori grounds for
expecting a different result in women, and this has not emerged as a feature of other iNO
studies.

Table 73: Number of subjects who met primary outcome criteria, ITT population

INO Placebo
Endpoint Criteria (N=73) N=TT) P-value
Primary Outcome: Number of Subjects 7/73 (9.6%) 12/77 (15.6%) 0.3301"
Who Met Failure Criteria in 48 Hours
Supplementary Analysis 1: Type of
Failure Criteria Met in 48 Hours: n (%0)
Two or more physiologic failure 4/7 (57.1%) 6/12 (50.0%)
criteria
Clinical failure criteria 3/7 (42.9%) 6/12 (50.0%)
Supplementary Analysis 2: 3.6(0-449) 0.6(0-4.2) 0.2486°
Distribution of Time to Failure
Criteria: median (range), hours
Supplementary Analvsis 3: © 7/73 (9.6%) 12/77 (15.6%) p-value: 0.3731¢
Stepwise Logistic Regression Analysis odds ratio: 0.63
of Number of Subjects Who Met
Failure Criteria in 48 Hours:
Blood products used (no vs. ves). 6/62 (9.7%) 9/55 (16.4%) p-value: 0.8561¢
n (%) yes * odds ratio: 0.89
Hypertension (yes vs. no), n (%) yes® 2/21 (9.5%) 7/29 (24.1%) p-value: 0.1447°
odds ratio: 2.15
Myocardial infarction (no vs. yes). 2/18 (11.1%) 2/19 (10.5%) p-value: 0.5 358¢
n (%) yes odds ratio: 1.48
Sex (Fvs. M) * F: 0/9 (0.0%) F: 5/12(41.7%) | p-value: 0.1222¢
M: 7/64 (10.9%) | M: 7/65(10.8%) | odds ratio: 2.54

Fisher's exact test
Log-rank test

1
b
c
d
e
n

One subject had incomplete data in the iINO group and was excluded from the analysis.
Logistic regression. treatment as model vanable
Numbers and percentages of subjects shown include those who had a response and who met failure criteria.

* Numbers and percentages of subjects shown include those who met failure criteria.
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Figure 51: Time to meeting failure criteria
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A supplementary logistic regression analysis of the primary endpoint also failed to achieve
significance (p = 0.3731), and the variables of blood products used (yes, no), presence of

hypertension (yes, no), the presence of myocardial infarction (yes, no), and sex did not affect the

model, as shown in the table above.
The results were similar, and not significant, in the safety population (see table below).

Table 74: Primary outcome: patients meeting failure criteria in 48 hours

PROTOCOL INOT=41
SAFETY POPULATION

PATIENT
AMEETS INO PLACEBO
FAILURE (N=69) (N=68)
CENTER CRITERIA n (%) n (%) P-VALUE™
All Sites NO 62/ 69 (89.9%) | 56/ 68 (82.4%) 0.2261
YES T/ 69 ( 10.1%) | 12/ 68 ( 17.6%)
Duke University Medical Center NO 14/14 (100.0%) | 13715 ( 86.7%) 0.4828
YES 0/ 14( 0,0%) | 2/15(13.3%)
University of Texas Southwestern 'St. Paul Medical Center N 9/ 10 (90.0%) | 10/ 11 ( 90.9%) 1.0000
YES 1710 ( 10.0%) 111 { 9.1%)
Baylor University Medical Center NO 6 6(100.0%) | 4 T(57.1%) 0.1923
YES 0/ 6( 0.0%) | 3/ 7(42.9%)
Deutsches Herzzentrum Berlin NO 26/ 31 (83.9%) | 22/ 27 ( 81.5%) 10000
YES 5/31(16.1%) | 5/ 27(18.5%)
Newark Beth Israel Medical Center, Herz- und Diabeteszentrum NO 7/ 8(87.5%) | 7/ 8(87.5%) 1.0000
Nordrhein-Westfalen Allegheny General Hospital, Texas Heart Institute
COMBINED
YES 1/ 8(12.5%) 1/ 8(12.5%)
(1) Fisher's Exact Test

An analysis of the primary endpoint stratified by PVRI did not identify a subgroup with

statistically significant treatment benefit, but there was a strong numerical trend in favour of

active treatment in the 14 subjects with PVRI > 270.5 (Table 75).
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Table 75: Primary outcome: patients meeting failure criteria in 48 hours by PVRI strata

PROTOCOL INOT-41
INTENT-TO-TREAT POPULATION

PATIENT
MEETS INO PLACEBO
FAILURE (N=73) (N=TT)
PVRI STRATA CRITERIA n (%) n (%) P-VALUE™
< 270.5 NO 45/ 51 ( 88.2%) | 42/ 48 ( 87.5%) 1.0000
YES 6/51(11.8%) | 6/48( 12.5%)
»=270.5 NO 6/ T(857%) | 2/ 7(28.6%) 0.1026
YES 1 7(14.3%) | 5/ 7(71.4%)
Missing NO 15/ 15 (100.0%) | 21/ 22 ( 95.5%) 1.0000
YES 0/15( 0.0%) | 1/22( 4.5%)
TOTAL NO 66/ T3 90.4%) | 65/ 77 ( 84.4%) 0.3301
YES TIT3( 9.6%) | 12/ 77( 15.6%)
(1) Fisher's Exact Test

Reasons for treatment failure were assessed, but they were distributed across most pre-
specified failure criteria, as shown in the table below.

Table 76: Subjects meeting failure criteria in 48 h, safety population

INO Placebo Total

(N =109) (N =68) (N=137)
Failure Criteria n (%) n (%) n (%)
Total n (®0) who met failure criteria 7(10.1%) 12 (17.6%) 19 (13.9%)
Admmistration of = 0.1 mg/kg/min 3 (4.3%) 5(7.4%) 8 (5.8%)
epinephrine or norepinephrine
CVP =20 mm Hg 2 (2.9%) 3 (4.4%) 5(3.6%)
Failure to wean from cardiopulmonary 3 (4.3%) 6 (8.8%) 9 (6.6%)
bypass 2 or more times
MAP < 50 mm Hg 3 (4.3%) 1 (1.5%) 4 (2.9%)
Sv0, <55% 1 (1.4%) 3 (4.4%) 4 (2.9%)

Each subject who met failure criteria had to fulfill at least 2 of the criteria. As a result. each subject was
counted in multiple categories.

One factor that may have made it more difficult to demonstrate efficacy for the primary
endpoint was that patients at high risk of failure were often switched to open label therapy.
Including those who met failure criteria as well as those who did not, 20 placebo recipients and
15 iNO recipients crossed over, as shown in Figure 52.
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Figure 52: Time to crossover to open label treatment
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Time to crossover to open label in the intent-to-treat population. iNO, inhaled nitric oxide.

7.4.13.13. Results for other efficacy outcomes

None of the secondary endpoints achieve statistical significance, but for the length of time on
mechanical ventilation, there was a trend in favour of the iNO group, who had mean (median) of
5.37 (2.0) days, compared to 11.1 (3.0) in the placebo group (p = 0.077). Note that this result
was misreported by the sponsor in at least one part of their submission, with a p-value of
0.0077 cited in error.

The other secondary efficacy variable that strongly favoured iNO from a numerical perspective
was the percentage of subjects who required RVAD by Day 28 (iNOn =4/71 [5.6%]; PBOn =
7/70 [10.0%]), but result this did not approach significance (p = 0.4680). This would be a
clinically worthwhile difference if sustained in a larger population.

Table 77: Results of secondary outcome measures, ITT population

Endpoint Criteria® INO Placebo P-value® | Odds Ratio
Length of Time in Days on Mechanical n=70 n==67 0.0770 NA
Ventilation: mean/median (range)” 5.37(7.72) 11.10(24.81)
2.0(1. 30) 3.0 (0. 160)
Number of ICU Days: mean/median (range)” n=:60 n=>58 0.6295 NA
20.52 (32.31) 19.90 (24.38)
11.0 (3. 194) 9.0 (3. 115)
Number of Total Hospital Davs: mean/median n=>58 n=>58 0.9785 NA
(range)® 40.57 (32.19) | 40.76(29.41)
32.0(11, 194) 31.5(10. 156)
Number of Subjects Who Required Renal n=10(14.1%) | n=8(11.4%) 0.6371 1.27
Placement Therapy
Quantity (mL) of Blood Products Used: 2925 2530 0.2262 NA
mean/median (range) 4232 (4675) 4885 (7760)
(0-21.886) (0-42.045)
Number of Deaths at Day 28 n=8(11.3%) | n=8(114%) | 0.9242 1.05
Number of Subjects Who Required RVAD by n=4(5.6%) n="7(10.0%) 0.4680 0.61
Day 28

NA = not applicable

Secondary efficacy endpoints were evaluated using a hierarchal procedure, in the order as presented in this table.
" Analysis of all centers combined is presented in this table.

b e
Treatment as source of variation
¢

d

e

ITT population, subjects surviving until end of mechanical ventilation
ITT population. subjects surviving until ICU discharge
ITT population. subjects swviving until hospital discharge
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7.4.13.14. Conclusion

Overall, the results of this study were disappointing, but its failure to achieve significant
outcomes primarily reflects a low event rate. The trends observed in this population for clinical
events were favourable. It is likely that a larger study, or a study in subjects with a higher
underlying risk of RV failure, might be needed to confirm that iNO has efficacy in adults
requiring LVAD insertion. The study only provides weak indirect support for the proposed
indication in children, but it does not raise any concerns or doubts about the efficacy of iNO
when used for the proposed indication.

7.5. Uncontrolled studies

The sponsor’s Summary of Clinical Efficacy mentions three efficacy studies that were captured
by their literature search (because they were mentioned in a review article) but then
appropriately rejected because the studies were not randomised or controlled. The abstracts of
these studies are included below for the sake of completeness.

Table 78: Uncontrolled clinical efficacy studies

(First Author | No. Mean Age iNO iNO Duration of Type of cardiac surgery
Year) iNO pts dose treatment

pts {ppm)
| Heart Transplant, children (non-RCT)

(Curran, 3 1 day. 14 days. 10 - 1.5 - 10 days | Heart transplant
1995) 14 years 80
| (Bacha, 2000) | 1 23 months | 10- 14 tia}'a | Heart imusplanl
20
(Daftari. 7 1 - 19 years 5-10 Not stated Heart transplant
| 2010) | refrospective study

Curran et al (1995) and Bacha et al (2000) present brief case series on the use of iNO post-
operatively, showing modest reductions in pulmonary arterial pressure that are difficult to
interpret given the lack of control therapies. Curren et al noted that iNO had a greater effect on
pulmonary arterial pressure in subjects with refractory post-operative pulmonary hypertension
than in subjects without substantial post-operative pulmonary hypertension, an observation
that is in accord with other studies described above.

Daftari et al (2010) present a retrospective case-control analysis of heart transplant recipients
primarily aimed at determining the upper limits of pulmonary vascular resistance (PVR) that
would contraindicate paediatric heart transplantation. Cases in the Daftari study were subjects
with high PVR (> 6 WU), and controls were subjects with lower PVR (< 6 WU). Inhaled iNO was
used in most subjects as part of standard care and was not the main focus of the study, but the
response to iNO was assessed as part of the pre-surgical work-up in four cases. The authors
mention that “Four of the [seven] patients with pulmonary hypertension were tested pre-OHT
[pre-orthotopic heart transplantation] for PVR reactivity with oxygen and NO at catheterization.
Three of these patients had < 2 WU decrease in PVR, while one with RCM [restrictive
cardiomyopathy] decreased from 13 WU to 8 WU. Three cases were not tested for PVR
reactivity prior to OHT.”

Reassuringly, the findings in each of these uncontrolled studies were broadly consistent with
the rest of the literature.

7.5.1. Abstract: Curran et al, 1995

Inhaled Nitric Oxide for Children with Congenital Heart Disease and Pulmonary Hypertension.

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 167 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

Background. Endothelium derived nitric oxide (NO) is a potent vasodilator and a major
mediator of pulmonary vascular tone.

Methods. Five infants underwent a trial of inhaled NO with hemodynamic monitoring in the
operating room after atrioventricular canal repair. An additional 15 patients with congenital
heart disease and refractory pulmonary hypertension were treated with inhaled NO for 1 day to
10 days post-operatively.

Results. In the 5 infants with atrioventricular canal, corrective surgical intervention and
conventional therapy (hyperventilation, inspired oxygen fraction of 0.80, and inotropic agents)
lowered mean pulmonary artery pressure from 49.5 * 10.5 to 20.0 + 2.2 mm Hg (p < 0.001).
Adding inhaled NO further decreased mean pulmonary artery pressure to 18.0 + 2.8 mm Hg

(p = not significant). Inhaled NO had no effect on ventricular function curves (inflow occlusion)
in this group. In the 15 patients with refractory post-operative pulmonary hypertension, 11 had
a favourable response to inhaled NO, with a decrease in mean pulmonary artery pressure from
30.9 £5.8t0 23.1 £ 5.4 mm Hg (p < 0.01) in 8 patients with pulmonary artery catheters.

Conclusions. These studies demonstrate that inhaled NO has minimal beneficial effect on
pulmonary artery pressure or cardiac output in infants after repair of atrioventricular canal.
Inhaled NO is effective in decreasing PAP post-operatively in select patients with congenital
heart disease and pulmonary hypertension refractory to conventional therapeutic modalities.

7.5.2. Abstract: Bacha et al, 2000

Management of Pulmonary Arteriovenous Malformations after Surgery for Complex Congenital
Heart Disease.

Pulmonary arteriovenous malformations (PAVMs) are a known complication after
cavopulmonary shunt operations. Their cause is unknown, but they may be related to the
absence of pulsatile flow, the diversion of hepatic venous flow away from the pulmonary
circulation, or other humoral factors. By shunting a large amount of un-oxygenated blood across
the lungs, PAVMs cause cyanosis and may make subsequent operations riskier. However, there
is a paucity of data related to the latter subject. We describe the post-operative course of 3
recent patients with multiple PAVMs, cyanosis, and complex congenital heart disease (CHD).

7.5.3. Abstract: Daftari et al, 2010

Initial Experience with Sildenafil, Bosentan, and Nitric Oxide for Paediatric Cardiomyopathy
Patients with Elevated Pulmonary Vascular Resistance before and after Orthotopic Heart
Transplantation.

Background. Although pulmonary hypertension complicating dilated cardiomyopathy has been
shown to be a significant risk factor for graft failure after heart transplantation, the upper limits
of pulmonary vascular resistance (PVR) that would contraindicate paediatric heart
transplantation are not known.

Methods. A retrospective review of all paediatric orthotopic heart transplant (OHT) performed
at our institution from 2002 to 2007 was performed. Seven patients with PVR > 6 WU) prior to
transplant were compared pre- and post-operatively with 20 matched controls with

PVR < 6 WU. All pulmonary vasodilator therapies used are described as well as outcomes during
the first year post-transplant.

Results. The mean PVR prior to transplantation in the 7 study cases was 11.0 + 4.6 (range 6 to
22) WU, compared to mean PVR of 3.07 + 0.9WU (0.56 to 4.5) in the controls (P = 0.27x10-6). All
patients with elevated PVR were treated pre-OHT with either Sildenafil or Bosentan. Post-OHT,
case patients received a combination of sildenafil, iloprost, and inhaled nitric oxide. All 7 case
patients survived one year post-OHT, and there was no statistical difference between cases and
controls for hospital stay, rejection/readmissions, or graft right ventricular failure. Mean PVR in
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the cases at one and three months post-OHT was not significantly different between the two
groups. Only one of the cases required prolonged treatment with iloprost after OHT.

Conclusions. A PVR above 6WU should not be an absolute contraindication to heart
transplantation in children.

7.6. Analyses performed across trials

The sponsor’s literature search found a Cochrane review of direct relevance to the proposed
indication:

Bizzarro, M; Gross, L. Inhaled nitric oxide for the post-operative management of pulmonary
hypertension in infants and children with congenital heart disease Cochrane Database of
Systematic Reviews (2005) Issue 4) Art. No.: CD005055. DOI:
10.1002/14651858.CD005055.pub?2.

Bizzarro et al observed no significant differences between iNO and placebo (or standard care)
for a number of clinical endpoints, including mortality (p = 0.50), PHTC (p = 0.79), change in
MPAP (p =0.16), MSAP (p = 0.40), HR (p = 1.00), and Pa02:FiO; (p = 0.46). They detected a
significant reduction in MPAP in a subgroup of younger patients from birth to three months

(p = 0.005), but this was based on only 23 patients. The authors concluded they were unable to
confirm superiority of iNO versus placebo for the management of pulmonary hypertension in
the paediatric cardiac surgery setting.

The literature search also identified a commentary on the Bizzarro review, produced by Barr &
Macrae, 2010. Both papers, the one by Bizarro and Gross as well as the one by Barr and Macrae,
reviewed the same four studies designated as pivotal in the sponsor’s submission, but they
drew somewhat different conclusions.

Bizzarro et al chose mortality as the primary endpoint in their meta-analysis, which
automatically ensured that their analysis was underpowered: they combined patients from
Miller et al, 2000, and Day et al, 2000, to produce a cohort of 162 patients. This sample is too
small for a mortality endpoint, given that deaths are uncommon, even in the setting of
paediatric cardiac surgery. Also, ethical constraints meant that both studies allowed rescue
open label therapy in the event of severe pulmonary hypertension; the inferiority of placebo
was not, by design, readily allowed to be manifested as a fatal outcome. Unsurprisingly, this
primary endpoint showed no statistical benefit for iNO. Only two deaths were related to PHTC,
both from one study only (Day et al, 2000).

Although the incidence of PHTC would be expected to have greater statistical power than
mortality, this analysis was also underpowered. Because Bizzarro’s meta-analysis technique
required access to individual patient data, they were unable to include the largest study of PHTC
incidence (Miller et al, 2000), and instead included just one smaller study (Day et al, 2000),
which only included 40 patients (38 evaluable for PHTC). This meta-analysis of PHTCs was
underpowered and added little to consideration of the individual studies; indeed it was
statistically much weaker than Miller et al, 2000, which had 124 patients.

In view of these underpowered analyses, Barr and Macrae made the following comments about
the Cochrane meta-analysis:

Utilizing pre-established inclusion and exclusion criteria, only the four randomized clinical
trials that have been previously presented were included in the analysis. However, because
each of these studies reported different outcomes, the number of patients included in the
subsequent meta-analysis of each outcome was severely restricted and did not add much to
the previously published literature. For example, only the studies by Day et al and Miller et
al reported mortality and the subsequent meta-analysis was done on a cohort of 162
patients, hardly an adequate sample size in a population where post-operative mortality is
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a fairly rare event. Analysis of the prevalence of post-operative pulmonary hypertensive
crisis was limited to the study by Day et al and thus included data on only 38 patients.
Analysis of physiologic outcomes was likewise restrictive. The authors [Bizzarro and Gross]
concluded that there were no differences in the use of inhaled NO in the outcomes that
were reviewed, at the same time acknowledging the limitations of the review due the
concerns over methodologic quality, sample size, and heterogeneity of patients in the four
studies. These limitations severely restrict any conclusions that can be drawn from this
Cochrane review.

These conclusions appear appropriate. Overall, the meta-analysis by Bizzarro et al did not add
much of value to consideration of the individual pivotal studies.

7.7. Endorsement of iINO by authoritative bodies

As the sponsor points out, several authoritative bodies already recommend iNO for the
treatment of pulmonary hypertension in the setting of cardiac surgery. Such recommendations
cannot substitute for formal demonstration of efficacy within randomised prospective trials,
because clinicians may be susceptible to group think or to confirmation bias, finding evidence in
anecdotal exposures for something that they already believe. Also, confounding influences and
general improvements in care and outcomes may create an appearance of efficacy that can be
misattributed to a single element of treatment.

Despite these reservations, the recommendations of experts carry considerable weight, because
they represent the overall experience of clinicians with iNO in realistic clinical settings, without
any apparent conflict of interest or financial motivation. Given the short half-life and prompt
onset of the pulmonary vasodilatory effects of iNO, clinicians using iNO are in a very good
position to judge its haemodynamic efficacy. This is particularly the case in the highly
monitored settings of ICU, the cardiac surgical theatre, and the catheterisation laboratory, which
provide objective physiological monitoring during the introduction and cessation of iNO. If iNO
were ineffective, this would be easy for clinicians to detect, and the fact that iNO is considered
by many experts to be a first-line treatment for the treatment of pulmonary hypertension
strongly supports the sponsor’s submission.

A full assessment of those recommendations is beyond the scope of this evaluation report, but
the following endorsements of iNO, cited in the sponsor’s Clinical Overview, provide some
confidence that the efficacy demonstrated in the submitted studies appears to be sustained in
the real world setting:

The European consensus document for the use of iNO published in 2005 states: “Clinical
experience suggests that in patients with confirmed right ventricular dysfunction and
elevated PVR, use of iNO may result in haemodynamic improvement when used during or
after cardiac surgery.” (Germann et al, 2005). The guidelines from the American College of
Cardiology Foundation /American Heart Association 2009 also advocate iNO as an
effective short term therapy for pulmonary hypertension in conjunction with heart
surgery: “On balance, inhaled NO is an effective short-term strategy for the management of
PH following cardiac surgery” (McLaughlin et al.,, 2009).

7.8. Evaluator’s conclusions on clinical efficacy

The efficacy data submitted by the sponsor was largely derived from investigator led studies
found in a literature search (the two sponsor led studies, consisting of a PD study in children,
and a negative efficacy study in adults, were merely supportive). After identifying potentially
relevant investigator led studies of the use of iNO in relation to cardiac surgery, the sponsor
subdivided the studies into 22 efficacy studies (9 in children, 13 in adults) and 11 PD studies
according to whether they compared iNO to a randomised control therapy. This subdivision was
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somewhat artificial, and many of the studies classified as efficacy studies had designs more
typical of PD studies. Also, many of the studies listed as efficacy studies were small, used iNO for
only short periods to gauge the short-term haemodynamic response, or used a control therapy
of unproven utility.

Four of 9 efficacy studies in children were designated as “pivotal”, because the control group
received placebo or standard care in a randomised prospective design, but three of these lacked
the core features expected of a Phase III pivotal study. For instance, both Day et al and Morris et
al used an open label design. Of the four studies, only two were positive (Miller et al, 2000, and
Russell et al, 1998) and one of these (Russell et al) was only positive in a small subgroup that
was possibly identified post hoc.

The only truly pivotal study was the one by Miller et al, 2000 (n = 124). Miller et al assessed the
efficacy of iNO 10 ppm versus placebo in the target population of paediatric cardiac surgical
patients using a prospective, randomised, double blind design, with a robust methodology and
clearly defined clinical endpoints. The treatment benefits in this study could have been partially
masked by the use of rescue therapy with open label iNO, but it demonstrated a statistically
significant benefit anyway. The primary endpoint was the number of pulmonary hypertensive
crises (PHTCs) in the treatment period, which lasted for up to 7 days. Infants who received iNO
had significantly fewer PHTCs (median four [IQR 0 to 12]) than infants receiving nitrogen
placebo (median seven PHTCs [IQR 1 to 19]; unadjusted relative risk 0-66 [95%CI 0-59 to 0-74]
p < 0-001; adjusted for dispersion 0:65 [0:43 to 0-99], p = 0-045). They also reached extubation
criteria significantly sooner, and spent less time overall on study gas. The pulmonary vascular
resistance index (PVRI) during study-gas administration was also significantly lower in the iNO
group (p < 0-001).

The studies by Russell et al and Morris et al were listed as pivotal but they used haemodynamic
endpoints rather than clinical endpoints, and the iNO treatment duration (< 30 min) was more
consistent with a brief pharmacodynamic assessment than with realistic clinical use.

The study by Russell et al (n = 40) showed a significant haemodynamic effect for iNO over

20 min compared to placebo, but it produced its positive results in a subset of the study
population, consisting of 13 subjects with elevated pulmonary artery pressure, only 5 of whom
received iNO. Russell et al demonstrated that MPAP in this subgroup was reduced by 19% with
iNO (p = 0.008) versus an increase of 9% with placebo. The iNO dose used in Russell et al was
well above that proposed for registration (80 ppm, instead of 10 to 20 ppm as recommended in
the PI).

Morris et al performed a small study (n = 12) with a randomised, controlled, open label
crossover design to compare the haemodynamic effects of iNO (at 5 ppm and at 40 ppm for

15 min each) versus hyperventilation induced alkalosis (HV) in children recovering from
biventricular repair and CPB. They showed no significant differences between the combination
of iNO and HV and HV alone, so this study does not provide evidence that iNO adds significantly
to the pulmonary vasodilatory effects of standard care with HV. Significant changes were
observed in PVRI and MPAP with both treatments, relative to baseline, but this does not
constitute clear positive evidence of a treatment effect because some improvement could be due
to recovery from CPB.

The open label study by Day et al (n = 40) compared the efficacy of iNO 20 ppm with
conventional therapy (determined by the treating clinician) in children with post-operative
pulmonary hypertension after cardiac surgery. It used a similar clinical endpoint as Miller et al
(number of PHTCs), but it was clearly underpowered for this endpoint and for secondary
haemodynamic endpoints. The primary endpoint, PHTC, occurred infrequently: PHTCs occurred
in 4 control patients and in 3 iNO patients, a difference that was not statistically significant. It
was also negative for all major secondary endpoints, but the trends were favourable. Systolic
pulmonary arterial pressure (SPAP) in the control group started relatively low and increased
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after an hour, whereas SPAP in the iNO group started relatively high and decreased by
approximately10%. The changes in ratio of systolic pulmonary and systemic arterial pressures
were greater with iNO than with conventional therapy, and this comparison approached
statistical significance (p = 0.066). Given that the study was underpowered and open label, and
that clinicians used variable agents as control therapies, this study cannot be considered pivotal.

The remaining 5 efficacy studies in children compared iNO to active alternatives. None of the
non-iNO therapies has been approved for the treatment of pulmonary hypertension in the
setting of paediatric cardiac surgery, which is why none of these studies was considered pivotal.
In general, the emphasis of these studies was in demonstrating that the non-iNO therapy was
comparable in efficacy to iNO (which was used as a control therapy because the authors
considered iNO to be the standard treatment of pulmonary hypertension in this setting). These
studies were not specifically powered to demonstrate equivalence or non-inferiority of iNO
compared to the active alternative, but in general the findings were favourable, as follows:

e InCaietal, 2008 (n =46),iNO at a starting dose of 10 ppm and continued for at least 24
hours was compared to intravenous milrinone 0.5 pg kg-! min-! in children with pulmonary
hypertension after a Fontan procedure. In a 3 group, open label design, each agent was
compared to the other agent and to the combination of both agents. Inhaled NO was
significantly superior to milrinone for the study’s main measure of pulmonary vascular
resistance, transpulmonary gradient (TPG). Given that milrinone is likely to be superior to
placebo, this provides reasonably strong evidence of haemodynamic efficacy of iNO in this
setting. The combination of iNO and milrinone was also significantly more effective at
reducing TPG than milrinone alone.

e Goldman et al, 1995 (n = 13), was a small, brief, open label crossover study, which showed
that iNO 20 ppm was significantly superior to intravenous prostacyclin 20 ng per kg per
minute in the short-term (10 minute) treatment of severe pulmonary hypertension in
paediatric subjects after cardiac surgery. MPAP was reduced by 33% during iNO treatment
(95%CI, -24% to -51%), compared to a reduction of 15% during prostacyclin treatment
(95%Cl, -4% to -38%; p < 0.01).

e Kirbasetal, 2012 (n = 16), was another small, open label study performed in paediatric
cardiac surgery patients. It compared the efficacy of iNO 20 ppm and aerosolised iloprost in
the treatment of pulmonary hypertension, and found no difference. Favourable reductions
in PAP and in PAP/SAP ratio were observed, but these are difficult to interpret given the
lack of an untreated or placebo treated control group.

e Loukanovetal, 2011 (n = 15), was a small, open label pilot study comparing iNO 10 ppm
and aerosolised iloprost 0.5 pg/kg every 2 h. The study suggested that the two drugs might
have similar efficacy when used to prevent PHTCs in the paediatric setting, but the study
was not adequately powered to demonstrate equivalence. Trends in MPAP were weakly in
favour of iNO, but there was no convincing reduction in MPAP relative to baseline.

e Stocker et al, 2003 (evaluable n = 15), compared iNO 20 ppm and intravenous
sildenafil 0.35 mg/kg in a small, open label crossover study in paediatric cardiac surgery
patients, showing that the two drugs were similar in their ability to lower MPAP and PVRI.
In the iNO first group, MPAP had fallen after 20 min of therapy, reducing by 1.4 + 0.4 mm Hg
(by 7.8 £ 2.1%; p = 0.008). The subsequent addition of sildenafil did not further lower PA
pressure. In the sildenafil-first group, MPAP had also fallen by 20 min; the reduction seen
with sildenafil was numerically greater than that seen in the iNO first group when expressed
as a percentage of baseline, but the fall was not statistically significant (reduction of
10 + 4.1%; p = 0.055). The subsequent addition of iNO produced a further fall in MPAP. The
authors noted that iNO had greater pulmonary selectivity.

Thus, of the five supportive studies in children, two of them (Cai et al and Goldman et al)
produced significant results strongly supportive of a short term haemodynamic effect with iNO
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relative to an unproven active control. The other three showed broad equivalence of iNO and
the active control.

The remaining 13 efficacy studies were performed in adults, and so they are not directly
relevant to the proposed indication. Also, most of these studies were small, or used iNO for only
a brief period, as indicated in the Table 34 above.

7.8.1. Positive results

Positive results were obtained for the 3 studies below, which all showed superiority of iNO
relative to the control therapy.

Ardehali, 2001, was a study of heart transplant patients. Study subjects who received

iNO 20 ppm (n = 16) were compared with historical control subjects (n = 16), and the incidence
of RV dysfunction was substantially lower with iNO (p < 0.05). Survival was 100% with iNO,
compared to 13 out of 16 (81.25%) in historical controls.

In Argenzanio et al, 1998 (evaluable n = 11),iNO 20 ppm (n = 6) was compared to placebo

(n =5) in subjects receiving an LVAD. The period of randomised treatment was brief (15 min),
after which rescue therapy was initiated. Subjects randomised to iNO showed a reduction in
MPAP from 35 + 6 mm Hg to 24 + 4 mm Hg (p = 0.02) and an increase in the LVAD flow index.
Those randomised to nitrogen placebo showed no haemodynamic response, but subsequently
responded to crossover therapy with iNO, with a reduction in MPAP from 31 + 4 mm Hg to

22 =3 mm Hg (p = 0.02) and an increase in the LVAD flow index.

In Rajek, 2000 (evaluable n = 68), iNO at doses of up to 24 ppm was compared to PGE1 in adults
undergoing heart transplantation, with treatment initiated at the end of CPB. In the iNO group, a
major reduction in PVR occurred within 10 minutes of CPB (from 326 + 21 to

180 * 15 dynes-s-cm-5), and this was statistically significant (p < 0.0001) compared to PGE1,
where the initial reduction was relatively minor (295 * 30 to 264 * 27 dynes-s-cm5). The
difference was still significant at one hour post-CPB but, by six hours, subjects in the PGE1
group had shown further reductions in PVR and the difference between groups was no longer
significant.

7.8.2. Significant changes from baseline

Significant changes from baseline were obtained in the studies below, though no significant
difference was observed between treatments (or, in the case of Winterhalter et al, iNO was
significantly inferior to the active control, iloprost).

Kieler-Jensen et al, 1994 (n = 12), studied iNO in the setting of pre-operative vasoreactivity
testing in adults. They confirmed that iNO (ten min at each of 20, 40 and 80 ppm) is a selective
vasodilator in the pulmonary circulation, lowering PVR, though it showed minimal direct effects
on MPAP. The active controls, intravenous PGI2 and nitroprusside, produced a greater MPAP
reduction than achieved with iNO. There was no convincing dose trend for iNO.

Radovancevic et al, 2005 (n = 19), compared prostaglandin E1 (PGE1) and iNO (40, 60 and

80 ppm) during pre-operative vasoreactivity testing of heart transplant candidates with
pulmonary hypertension, using an open label crossover design. This study showed positive
haemodynamic results for both agents, with reductions in PVR and TPG relative to baseline, but
no significant difference between the two agents. The reduction in TPG was not significant for
the lowest dose of PGE1, but higher doses of PGE1 and all doses of iNO produced significant
mean reductions, compared to baseline. The haemodynamic response to all doses of iNO was
very similar, with no apparent dose trend across the range of 40 to 80 ppm.

Schmid et al, 1999 (n = 14), used a crossover design to compare three agents, in random
sequence: iNO 40 ppm, intravenous PGE1 0.1 pg-kg-1-min-1, and intravenous nitroglycerine
(NTG), 3 to 5 mg-kg-1-min-1. All three agents produced a significant reduction in MPAP

(p < 0.01), and all were effective in reducing PVR and TPG (p = 0.003). They differed in their
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effect on the systemic circulation: iNO did not produce a significant change in MAP or SVR, but
PGE1 and NTG did.

Solina et al, 2000 (n = 45), assessed iNO at two doses (20 ppm and 40 ppm) in comparison to [V
milrinone. They showed that iNO 40 ppm is broadly comparable to the intravenous vasodilator
milrinone in its ability to reduce PVR. All three treatments produced a clear reduction in PVR
compared to baseline. At a dose of 20 ppm, iNO was associated with a higher PVR than the other
two treatments, but this could reflect pre-treatment differences.

Solina et al, 2001 (n = 62), compared several different doses of iNO to milrinone. Subjects in
Group 1 (n =11) received 10 ppm, Group 2 (n = 12) received 20 ppm, Group 3 (n = 12) received
30 ppm, and Group 4 (n = 12) received 40 ppm. Subjects in Group 5 (n = 15) received milrinone
initiated by bolus (50 mg/kg) 15 minutes before separation from CPB and maintained at

0.5 mg/kg/min in the operating room. All groups showed a clear and significant reduction in
PVR. The percentage decrease in PVR did not show a consistent dose trend and was not
significantly different between the groups by ANOVA (10 ppm = 38%, 20 ppm = 50%,

30 ppm = 44%, 40 ppm = 36%, milrinone = 58%; p = 0.86).

Winterhalter et al, 2008 (n = 46), compared iNO to inhaled iloprost using an open label,
randomised, prospective, parallel group design. Both agents produced a major, significant
reduction in MPAP and PVR, relative to baseline, but the reduction in MPAP and PVR was
greater with iloprost (between group MPAP difference, p = 0.006; PVR difference, p = 0.013).

7.8.3. Negative or borderline results

Negative or borderline results were obtained for the remaining studies, though this usually
reflected inadequate statistical power. None of these negative studies casts significant doubt on
the efficacy of iNO.

Fattouch 2005 (n = 58) suggested that iNO 20 ppm and iPGI2 have similar efficacy in reducing
pulmonary arterial pressure and PVR following CPB, in adults with right ventricular failure.
Fattouch et al, 2006 (n = 58), showed a progressive fall in MPAP during treatment with iNO, but
there was no difference between iNO and intravenous controls, and many details of the paper
were unclear.

Giannetti et al, 2004 (n = 29), was only indirectly relevant to the proposed indication, because it
did not assess the effect of iNO on pulmonary hypertension, but instead assessed its effects on
markers of myocardial injury following CPB, finding significant benefits for iNO in comparison
to no additional treatment.

The sponsor’s study INOT41 (n = 150) was a well-designed study of adult subjects undergoing
LVAD insertion. It used an appropriate randomised, double blind, placebo controlled design, but
in retrospect it was underpowered for its clinical endpoint (“treatment failure”, largely
equivalent to right ventricular dysfunction). Subjects received iNO or placebo for up to 48
hours. There was a trend suggesting superiority in the iNO group, which would be of substantial
clinical worth of it were confirmed in an adequately powered study: the failure rate was 9.6%
with iNO, compared to 15.6% with placebo (p not significant).

Overall, despite some flaws in the individual studies, the submitted data are strongly supportive
of the efficacy of iNO in the proposed indication. The largest and best-designed pivotal study in
children, by Miller et al, 2000, produced clear evidence of a significant benefit for both clinical
and haemodynamic endpoints and the remaining studies provided strong supportive evidence
of haemodynamic benefit in both children and adults.
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8. Clinical safety

8.1. Studies providing evaluable safety data

Safety data potentially comes from 11 PD studies in the paediatric population (one of the 12 PD
studies was a non-intervention study), 9 efficacy studies in the context of paediatric cardiac
surgery, and 13 supportive efficacy studies in adults. One of the PD studies (INOT22) and one of
the supportive adult studies (INOT41) had a sponsor driven design with comprehensive safety
monitoring, but the other 32 studies were investigator-driven studies with variable and largely
incomplete safety monitoring.

In the two sponsor led studies, adverse event reports were collected and grouped by organ
system, and basic laboratory monitoring and vital sign reporting appeared to be comprehensive.
Unfortunately, neither of these was performed in the proposed target population for the
proposed indication.

In the 4 pivotal studies, safety assessments largely consisted of assays for methaemoglobin and
nitrogen dioxide, along with continuous monitoring of haemodynamic profile and vital signs.
Adverse events were not reported systematically, and so it is not possible to pool all the adverse
events that have occurred on iNO for the proposed indication, much less compare this to the
incidence of AEs with placebo. The number of paediatric subjects exposed to iNO in the pivotal
studies was also small (Miller et al, 2000, n = 63; Russell et al, 1998, n = 18; Day et al, 2000,

n = 20; Morris et al, 2000, n = 12). On the other hand, a review of the individual studies does not
raise substantial new safety concerns related to the proposed indication, and the safety profile
of iNO in the post-cardiac surgery setting appears to be broadly similar to that already
established for the neonatal setting. There is already extensive worldwide experience with iNO
in paediatric subjects, including those treated for the approved indication, PPHN, as well as
subjects treated off-label for the proposed indication. The safety profile established for the
original indication remains relevant to the proposed indication: both target populations consist
of highly vulnerable paediatric patients in an intensive care setting.

The 13 supportive studies in adults provide indirect evidence of the safety of iNO for the
proposed indication, with particular relevance to older children and teenagers. These studies
include one sponsor led study (INOT41), where AE reporting was complete, and 12 investigator
led studies which merely provided broad descriptions of the safety of iNO.

In many of the investigator-driven studies, particularly the PD studies, adverse events were not
even mentioned. Although it seemed likely in many cases that any serious safety concerns
would have been discussed, had they occurred, there was no explicit reassurance that adverse
events did not occur.

In total, the sponsor considered (and the evaluator agrees) that the key safety data came from
the following sources:

1.  “Safety data from studies in the proposed indication within the paediatric cardiac surgery
setting (n = 10 published studies)

2. Safety data from studies in the paediatric cardiac setting, but not specifically for the proposed
indication (company-sponsored study INOT22)

3. Supportive safety data from adult populations in a variety of cardiac surgery settings”

The primary source of information of relevance to the proposed indication is therefore the
10 studies performed in the setting of paediatric cardiac surgery; this include all 9 paediatric
efficacy studies (4 pivotal, 5 supportive) and one of the paediatric PD studies (Wessel et al,
1993). These studies are considered individually below.
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8.2. Known safety issues for iNO

The published experience of iNO and the previously approved PI for the existing indication
suggests that the use of iNO raises a number of specific safety concerns:

e NO combines with haemoglobin (Hb) to produce methaemoglobin (metHb), which makes
the Hb unavailable for carrying oxygen

e NO by-products include NO2, and so monitoring is required to ensure that levels of NO;
remain within safe limits

e abrupt cessation of NO can induce rebound pulmonary hypertension

e NO can increase left-atrial (LA) filling, potentially exacerbating cardiac failure or pulmonary
oedema in susceptible individuals with pre-existing left ventricular dysfunction

e NO could, in theory, effect platelet function
e NO has unknown effects on the immune system.

Some of the submitted studies specifically commented on these issues. Virtually all of the
studies specifically monitored and reported metHb levels, and most studies reported NO levels
or indicated that alarms were in place for alerting investigators to elevated levels of NO,. MetHb
levels and NO; are discussed further in Section 8.7.1.

All authors appeared to be aware of the potential for rebound pulmonary hypertension to occur
when iNO is ceased abruptly, and most study protocols avoided this with cautious weaning
protocols. The ease of weaning therapy was specifically assessed in the main pivotal study,
Miller et al 2000, where weaning time was considered a secondary efficacy endpoint.

The sponsor’s study, INOT22, provides evidence that LA filling may be excessive when iNO is
administered in the setting of pre-existing left ventricular failure. This issue has been noted by
previous investigators (Bocchi et al, 1994, Semigran et al, 1994) and is appropriately mentioned
in the current and proposed PIs. See Section 8.6 for details.

Ardehali et al, 2001, also raise the following safety concern about iNO: “The immunological
properties of NO are incompletely understood. Low-level NO production appears to be necessary
for maximal proliferation of lymphocytes. Furthermore, expression of inducible NO synthetase has
been linked with acute solid organ rejection. On the other hand, activation of inducible NO
synthetase is associated with a reduction in ymphocyte proliferation and inhibition of the
expression of class Il major histocompatibility complex. Further research in this area is needed to
better elucidate the immune-modulating properties of inhaled NO in thoracic transplantation.14”

The current safety database does not allow any substantial conclusions to be drawn about the
effect of iNO on immunological function, but this should be a focus of ongoing post-marketing
surveillance.

8.3. Patient exposure

Exposure to iNO in the submitted efficacy studies is summarised in the tables below, with
paediatric and adult subjects pooled (Table 79) or considered separately (subsequent tables).
The doses involved range from below the proposed 10 ppm starting dose, in 12 subjects, up to

14 Efron DT, Kirk S], Regan MC, et al. Nitric oxide generation from LArginine is required for optimal human peripheral
blood lymphocyte DNA synthesis. Surgery 1991; 110: 327.

Kuo PC, Alfrey EJ, Krieger NR, et al. Differential localization of allograft nitric oxide synthesis: comparison of liver and
heart transplantation in the rat model. Immunology 1996; 87: 647.

Albin JE, Abate JA, Henry WL. Nitric oxide production is required for murine resident peritoneal macrophage to
suppress mitogen stimulated T-cell proliferation. ] Immunol 1991; 147: 144.

Sichel SC, Vasquez MA, Lu CY. Inhibition of macrophage I-A expression by nitric oxide. ] Immunol 1994; 163: 1293.
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80 ppm, which is well beyond the maximum recommended dose of 20 ppm. The most common
exposure was to a dose of 10-20 ppm, used in 257 subjects, which is within the dose range
recommended in the proposed PI.

Table 79: Paediatric and adult iNO exposure in submitted studies, by dose and duration

INO patients (study ref)
Duration = 10 ppm 10 -20 ppm 21-40ppm 41-80 ppmn Total Any Dose
- . a0 18 (Rassell et al., 1998)
e o L.:_ :E.':':I[:;ll::::l‘:l-l'lll.l‘;ﬁ‘ll g ; e 12 (KIUlrl’-JﬂJSCIieI ::I 1994}
i 12 (Mornis et al., 2000} I.*léi’rpckcl' etal., 2003) 12 {Kicler-Jensen et al.. 1994) g ‘r\lfrﬁo;;;[:rl‘;;):}]: 134
12 (Kieler-Fensen et al.. 1994) g
12 in toral 62 in total | 12 in total 48 in total
1= Dur =2 lhour 0 o 0 0 0
2= D =4 hour 0 0 0 0 0
4= D =12 hour 0 0 0 0 0
12< Dur = 24 hour 0 14 (Crianett et al., 2004) 0 /] 14
14 in total
15 r5olina ¢t al.. 2000} 15 (Solina et al., 20040)
24< Dir = 48 hours 0 0 a0
15 in total 15 in total
8 (Wessel etal., 1993)
48 < Dur = 96 hours 8 (Kirbas et al.. 2012} 0 a 16
16 in total
=96 hots 7 (Loukanow e al.. 2011) Li] 7
i 7 in total o e
21 (Fartouch et al.. 2006) 19 (Radovancevic et al., 2005)
23 (Solina €t al.. 2001) 14 (Schmid et al., 1999)
63 (Miller et al.. 2000) 24 (Solina et al., 2001)
20 (Day et al.. 2000) 23 (Wintedlier et al 2008) 2
Mixed 0 16 (Ardehali et al.. 2001) 19 {Radovancevic ef al., 2003)
143 in total | 80 in total 19 im total
Total Any Duration | 12 257 107 67 443

*(Can et al.. 2008), (Rajek et al.. 2000) (Argenziano ¢t al., 1998) did wer report sufficient informarion 1o allow allocarion of patients 1o a specific dese~durarion growup,

Table 80: Paediatric iNO exposure, by dose and duration

iNO patients (study ref)
Duration <10 ppm 10 -20 ppm 21-40ppm | 41-80 ppm Total Any Dose
0= Dur =1 hour 12 (Morris et al.. 2000} | 13 (Goldman et al.. 1995) 18 (Russell et al., 1998) | 182
15 (Stocker eral.. 2003) | 0 124 (INOT22. 2008)
12 in total 28 in total 142 in total
1< Dur =2 hour 0 0 0 0 0
2< Dur =4 hour 0 0 0 0 0
4< Dur <12 howr 0 0 0 0 0
12<Dur= 24 hour | 0 0 0 0 0
24<Dur<48 hours | 0 0 0 0 0
8 (Wessel et al., 1993)
48 < Dur = 96 hours | 0 8 (Kubas eral., 2012) 0 0 16
16 in total
=96 hours 7 (Loukanov etal., 2011) | 0 1} 7
7 in total
63 (Miller et al.. 2000)
20 (Day et al.. 2000) 0
Mixed 1] 0 83
83 in total
Total Any Duration | 12 134 ) 0 142 288

*(Caret al.. 2008), did ner report sufficient information to allew allocation of patients to a specifie dose-durarien group.
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Table 81: Adult iNO exposure, by dose and duration

Adults iNO exposure in both quoted literature studies and Company sponsored study (INOT41) segregated by dose and
duration. Pts from Day et al., 2000 have been ascribed to the paediatric subgroup
iNO patients (study ref)

Duration < 10 ppm | 10 -20 ppin 21-40ppm 41-80 ppm Total Any Dose
22 (Fartouch et al.. 2005) 3 (INOTA41. 2009) 12 (Kieler-Jensen et al.. 1994)

0= Dur =1 hour 0 12 (Kieler-Jensen et al,, 1994) | 12 (Kieler-Jensen et al., 1994) | ¢ (Lepore et al., 2005) 70
34 in total 15 in total 21 in total

1< Daur =2 howr 0 1] 2 (INOTAL, 2009) 0

2= Daur =4 hour 0 o 2 {(INOT41. 2009) 0

4< Dur =12 hous 1] 1] 13 (INOT41. 2009} 0 62

.L.‘.- Dur< 24 hour | 0 14 (Guanetretal 2004) BIZj.TSOT-il.Er; 0

14 in total 48 i total
15 (Solina et al.. 2000)

15 (Solina et al.. 2000}

24< Dur< 48 hours | 0 13 (INOT41, 2009) [ 43
15 in total 28 in total
4 (INOT41. 2009}
48 < Dur = 96 hours | 0 1] 0 4
4 in total
06 honrs 0 0 0 0

14 (Schoid et al.. 1999)

33 (Solina et al.. 2001) 24 (Solina et al., 2001) )
el st 23 (Winterhalter et al.. 2008) | 19 (Radovancevic etal. 2005)

21 (Fattowch et al., 2006)

i i 2 159
Mined ] 16 (Ardehali et al., 2001) 19 (Radovancevic ¢t al.. 2005)
i l _61] in total 80 in total ) _IS'in fotal I
Total Any Duration | 0 123 175 4 318

b I.Rﬂjtl;i'.'l al., :'(Jlfllily c_-"u*_.'cnz:anu et al.. 1998} did not Teport suffictent information to allow allocation n'fpﬂncnts foa ipcc'lﬁc dose-duration group.

Exposure to iNO in sponsor led studies is summarised below: 69 adult subjects received 40 ppm
in INOT41, and 124 paediatric subjects received 80 ppm in INOT22. INOT22 was classified as a
PD study, and it did not specifically assess subjects in the context of cardiac surgery, but it
provides the largest pool of comprehensive safety data in the submission. In this study, each
patient served as their own control, and sequentially received iNO, oxygen and the combination
of iINO and oxygen. Given that AEs could be delayed, and all subjects received all treatments, it
would be difficult to determine whether any individual AE had been caused by one of the three
treatment regimens, so even this data pool does not provide a clear placebo controlled context
to assess the AE-rate observed with iNO.

Table 82: Patient iNO exposure in sponsor led studies (INOT22 and INOT41)

INO patients (study ref)

Duration 40ppin S0ppm

0= Dur =1 hour 3 124 (INOT22, 2008) 127
1< Dur =2 hour 2 0 2
2= Dur =4 hour 2 0 2
4= Dur =12 hour 13 0 13
12< Dur = 24 hour 31 0 31
24<= Dur = 48 hours 13 0 13
48 < Dur = 96 hours 4 ] 4
Total Any Duration 69 (INOT41. 2009) 124

Overall, the quality of the safety data and the extent of exposure would be considered
inadequate for the registration of a new pharmacological agent, but they are acceptable in the
context of a drug that already has extensive post-marketing surveillance and is already being
used off-label for the proposed indication.
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8.4. Safety observations in individual studies
8.4.1. Paediatric studies relevant to the proposed indication

The multi-page table below (Table 83), prepared by the sponsor, lists the ten paediatric studies
of direct relevance to the proposed indication (9 efficacy studies plus Wessel et al, 1993). The
sponsor’s summary of the safety data in each study is contained in the right-most column; these
summaries have been compared with the original publications in the preparation of this
evaluation report, and they contain no significant distortions or inaccuracies. Specific comments
on the safety reporting within each study can be found below, in Section 8.5.2.
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Table 83: Safety overview in paediatric studies
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publication.

RCT = Randomsved controlled trial
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8.4.2. Adult studies

The Table 84, prepared by the sponsor, summarises safety data from adult studies in cardiac
surgery patients, including five studies in non-transplant cardiac surgery, two in transplant
surgery, three in pre-surgical cardiac assessment, and two in the setting of LVAD insertion. Most
of these studies were described as supportive studies in the Efficacy section, but Lepore et al,
2005, was classified as a PD study. The sponsor’s summary of each study, in the right-hand
column, has been compared with the original publications. No significant discrepancies were
noted.

Most of the studies had little or no safety discussion beyond the reporting of metHb levels, but
four studies (Fattouch et al, 2006; Winterhalter et al, 2008; Lepore et al, 2005; Argenziano,
1998) included an explicit claim that no major side effects or complications were observed. A
more detailed assessment of each study can be found in Section 8.5.2.
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Table 84: Safety overview in adult studies
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8.5. Adverse events
8.5.1. AEs in sponsor led studies with detailed adverse event reporting
8.5.1.1. INOT22

INOT22 was a pharmacodynamic study comparing the effects of iNO, oxygen and both in the
treatment of pulmonary hypertension in children. All subjects received all three treatments, and
served as their own controls, so no untreated control group exists to give context to the
observed AEs. Seven patients (7 out of 124, 5.6%) experienced AEs during the treatment period,
which included cardiac arrest, bradycardia, low cardiac output, elevated ST segments on the
ECG, decreased oxygen saturation, hypotension, mouth haemorrhage, and pulmonary
hypertension. In four patients, investigators indicated that the AEs were potentially related to
study drug. These “related” events included bradycardia, low cardiac output, ST segment
elevation, low oxygen saturation, pulmonary hypertension, and hypotension. AEs were
observed in subjects with cardiomyopathy and in subjects with congenital heart disease (CHD)
but not in those with idiopathic pulmonary arterial hypertension. (Not counted in the 7 AEs
tabulated below were 4 SAEs that occurred shortly after the treatment period, and possibly
other non-serious AEs that occurred outside the treatment period.)

In the absence of a control group, it is not possible to determine if this event rate (7 out of 124,
5.6% ) is excessive for the population being assessed. Exposure to iNO was brief, as shown in
the table below, so the study was not a good test of the overall safety of iNO.

Table 85: Duration of exposure in INOT22

Duration (mins) | iNO + 02 (0] iNO
Mean 15.5 159 15.3
Median 14 15 15

Range 5-33 7-51 8-34

Table 86: Adverse events by diagnosis, INOT22

Diagnosis
System Organ Class/Preferred IPAH Cardiomyopathy CHD Overall
Term (N [%]) (N=28) (N=5) (N=91) (N=124)
Patients With at Least One AE 0 0.0y 1 (20.0) 6 (6.6) T(5.6)
Cardiac Disorders 0 (0.0) 0(0.0) 3(33) 324
Bradycardia 0 (0.0} 0(0.00 2(2.2) 2(1.6)
Cardiac Arrest 0 (0.0) 00,00 (1.1} 1 (0.8)
Low CO Syndrome 0 (0.0) 0(0.0) 1(1.1) 1{0.8)
Investigations 0 (0.0) 1(20.0) 2(2.2) 3(2.4
ECG ST Segment Elevation 0 (0.0) 1 (20.0) 0 (0.0) 1(0.8)
; Saturation Decreased 0 (0.0) 0 (0.0 2(2.2) 2(1.6)
Vascular Disorders 0 (0.0) 0 (0.0) 1(1.1) 2(1.6)
Hypotension 0 (0.0) 0{0.0) 1(1.1) 2(1.6)
Gastrointestinal Disorders 0 (0.0) 0 {0.0) 1(1.1) 1 (0.8)
Mouth Hemorrhage 0 (0.0) 0(0.0) 1(1.1) 1 ((0.8)
reapiratory, Thoraele, and 0 (0.0) 0 (0.0) 1LY | 1(08)
PH 0 (0.0) 0(0.0) 1(1.1) 1(0.8)

* System organ classes and preferred terms are coded using the MedDRA dictionary. System organ classes and
preferred terms are listed in descending order of frequency for the Overall column, A patient with multiple
accurrences of an AE is counted only once in the AE category.
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Table 87: Individual adverse events; INOT22

Patient Age (vears) Race Adverse Serious Severity Relation to Outcome of
Number Event Study Drug Event
0.7 White Mouth No Moderate Remote Resolved
hemorrhage
. )y 8 i
08 White | U2 saluration No Mild Possible Resolved
decreased
84 White Hypotension Yes Moderate Probable Resolved
ST segment ) ) )
clevation Yes Moderate Probable Resolved
Low CO
34 White output Yes Severe Probable Fatal
syndrome
White Hypertension Yes Severe Probable Fatal
0.4 White Hypotension No Mild Not related Resolved
15.6 White Raadycandia No Mild Highly Resolved
probable
Bradycardia No Mild Highly Resolved
probable
0.3 White Bradycardia Yes Severe Not related Falal
0, »:llu.rdl'"" Yes Severe Not related Fatal
decreased
Cardiac arrest Yes Severe Not related Fatal

As discussed under “Serious adverse events”, iNO appeared to be poorly tolerated in 10 subjects
with elevated PCWP at baseline, and an amendment to the exclusion criteria was made during
the study to exclude patients that had a baseline PCWP of > 20 mm Hg. This means that the
safety results of INOT22 could not be directly applied to a broader population that included
subjects with elevated PCWP.

8.5.1.2. INOT41

INOT41 was a supportive efficacy study performed in adults undergoing LVAD insertion. It had
a double blind, placebo controlled design, with comprehensive collection and reporting of AEs,
so of all the submitted studies, it provides the best comparative database of the safety of iNO in
the setting of cardiac surgery; albeit in adults. Assessment of AEs is complicated by the fact that
some subjects subsequently switched to open label rescue therapy with iNO. Adverse events
occurred at a similar incidence in the iNO (26.1%) and placebo groups (26.5%) during the
blinded phase, but occurred in a higher proportion of subjects receiving open label iNO. This
possibly reflects both the longer exposure to open label iNO, and the fact that subjects requiring
open label therapy had more severe underlying cardiac or pulmonary disease.

Table 88: Duration of exposure, INOT41

Duration iNO (DE) [ Placebo iINO (open label)
Mean _ 19 hours ] 16.7 hours | 65,6 howrs
Median 15.2 hours | 15.1 hours 44.8 hours
Range 0-48 hours 1-49 hours 5-624 hours
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Table 89: Classification of adverse events in INOT41!

iNO (DB) Placebo iNO (open
_ label)
Event type: N=6% N=68 N=34
Any AEs 18 (26.1%) | 18(26.5%) 13 (38.2%)
Severe AEs 6 (8.7%) 8(11.8%) 7 (20.6%)
All Suspected Drug Related AEs 9 (13.0%) | 5(7.4%) 10 (29.4%)
Serious AEs 7(10.1%) 11(16.2%) 61(17.6%)
AEs Leading to Dose Modification 3(4.3%) | 4 (5.9%) 7 (20.6%)
AEs Leading to Permanent 3 (4.3%) 4 (5.9%) 0
Discontinuation .
| Fatal AEs 1 1aaw | 1as%: | 2(59%)
' The SEVenty of an AE was defined from the qualitative assessment of the degree of the iJlluuair}' of the events as

determined by the investigator or as described to the investigator by the subject. The assessment of severity was
made irrespective of drug relationship or seriousness of the AE and was evaluated according to the following
scale:

1 =Mild: Awareness of the sympton. but easily tolerated as

2 = Moderate: Discomfort enough to mterfere with normal activities

3 = Severe: Incapacitating with the inability to perform nomnal activities

The distribution of AEs was similar in the two groups, based on counts for each organ class and
for each individual type of AE. A complete listing of AEs reported in this study was provided.

8.5.2. AEs in published investigator led studies
8.5.2.1.  Paediatric cardiac surgery studies

In seven of the nine paediatric efficacy studies, no AEs were reported in the iNO treatment
groups, but the authors did not explicitly declare that no AEs occurred. The study population
consisted of patients with serious congenital heart disease who were in intensive care receiving
invasive ventilation, so it is very likely most subjects experienced an adverse event at some
stage.

In the major efficacy study by Miller et al, 2000, the authors reported deaths in both the iNO and
control groups, and Miller et al also reported the incidence of lung injury, but other AEs were
not reported. These deaths are discussed in Section 8.5.5.2.

Miller et al reported the incidence of lung injury as follows:

“Most patients had no radiographic evidence of lung injury. The proportion of infants with
a lung injury score of less than 1 was 82%, 59%, and 72% on days 0, 3, and 7, respectively.
There were no differences between the treatment groups in lung injury scores on any day.”

In the context of a drug used in the cardiac surgical setting, time in ICU reflects both safety and
efficacy, and is an indirect guide to the overall clinical significance of adverse events. Miller et al
reported a non-significant reduction in ICU time in the iNO group: (median 138 h [IQR 89 to
192] for iNO versus 162 h [96 to 222] for placebo). This suggests that safety was acceptable.

In the pivotal study by Russell et al, 1998, AEs were not discussed. The authors noted that iNO
was selective for the pulmonary circulation and systemic hypotension did not occur.

In the pivotal study by Day et al, 2000, the authors explicitly comment on the lack of AEs:

“There were no known complications or adverse effects associated with nitric oxide
inhalation or the gradual withdrawal of nitric oxide before extubation. All patients
completed the study and were weaned from assisted ventilation.”

The pivotal study by Morris et al, 2000, contained very little safety reporting, although the
authors mentioned that they did not observe rebound pulmonary hypertension on ceasing iNO.
Adverse events were not discussed directly, but the authors implied that safety was acceptable:
“Inhaled NO therapy, on the other hand [in contrast to hyperventilation], results in selective
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pulmonary vascular effects and appears to be safe and free from serious side effects when
administered in the dose range currently employed with appropriate monitoring of inhaled
nitrogen dioxide and plasma methaemoglobin concentrations [emphasis added].”

In the supportive study by Cai et al, 2008, which compared iNO, milrinone and the combination
of iNO and milrinone, AEs were not discussed. Time in ICU, which can be considered as an
imprecise surrogate marker of significant adverse outcomes, was shortest for the iNO+Mil
group, intermediate for the Mil group, and longest for the iNO group. The authors note:
“Although the time in the intensive care unit and hospital tended to be shorter in group
iNO+Mil, the difference was not statistically significant.”

Table 90: Other secondary outcomes related to iNO or Milrinone

Group Group  Group iNO p
Variable iNO Mil + Mil Value
Chest drainage 282 245 227 £ 95 191 £120 0.316
(mL}
Time in ICU (R.'[;'I'\'h] 153+ 95 37123 1152108 0.619
Time in hospital 247 +101 201 *14.2 186 =97 0.321

td.‘l:‘.'h,

ICU = intensive care unit; iNO = inhalational nitric oxide; iNO +
Mil = inhalational nitric oxide and milrinone; Mil = milrinone,

The supportive paediatric study by Goldman et al, 1995, reported deaths in both the iNO and
control groups, but the study design meant that all patients, including control patients, were
exposed to iNO:

“Inherent in the design of this study was that each patient would be continued on the
treatment providing the greatest benefit to the patient. All 13 patients studied had a more
favourable hemodynamic response to iNO than prostacyclin and were therefore continued
on this treatment for 1 to 17 days (median, 6 days). Nine of the 13 patients continued to
improve with iNO and survived to discharge from hospital. Four patients died even though
they had also demonstrated an initial improvement with iNO.”

The four deaths are discussed in Section 8.5.5.2.

AEs were not reported by Goldman et al, but it would have been difficult to make sensible
between group comparisons given that all subjects received iNO. It appears that the
investigators did not notice any AEs they related to iNO, because they concluded:

“Inhaled nitric oxide, unlike intravenous prostacyclin, proved to be an effective selective
pulmonary vasodilator, improved oxygenation, did not cause systemic hypotension, was
associated with good clinical outcome, and appeared to lack significant toxicity at the
doses and duration of administration used in the present study.”

In Kirbas et al, 2012, the authors explicitly commented that iNO was well-tolerated, no “side
effects” (that is, treatment related AEs) occurred, and no SAEs occurred in the 72 h after CPB,
but AEs were not systematically reported. They state:

“Both treatments (inhalation of NO and iloprost) were generally well tolerated. During
inhalation of NO or iloprost, no side effect was observed in any patient. Moreover, there
was no evidence of rebound pulmonary hypertension following administration of NO or
iloprost. No serious adverse events were observed during the observation period (72 h after
cardiopulmonary bypass). Patient [information redacted] in the iloprost group had
thrombocytopenia (less than 70 000 platelets/uL) at Day 4 after cardiopulmonary bypass,
which did not need to be treated because it spontaneously improved. No mortality was
noted during the observation period. After the observation period, one in-hospital death
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was observed in the NO group; the patient died 14 days after surgery due to chronic
respiratory failure.”

In Loukanov et al, 2011, AEs and SAEs were explicitly reported under the heading “Adverse
Events” and the only two AEs occurred in the iloprost group, as follows:

“No serious adverse events occurred during the observation period (72 h after
cardiopulmonary bypass). Patient [information redacted] of the iloprost group showed an
increase in levels of C-reactive protein at 24 h after cardiopulmonary bypass. [...]Patient
[information redacted] of the iloprost group had thrombocytopenia count

0 < 50,000 platelets/ul at day 2 after cardiopulmonary bypass, which was treated with
thrombocyte concentrate and immunoglobulin. In both instances, there was probably no
correlation with the study medication because inflammation and thrombocytopenia are
the known complications after cardiopulmonary bypass. Bleeding complications were not
observed in either the iNO or the iloprost group.”

In Stocker et al, 2003, which used a randomised crossover design, comparing iNO with
sildenafil, systemic hypotension and impairments in oxygenation were noted with sildenafil, but
not with iNO. It is implied in the paper that the safety of iNO was acceptable, particularly in
contrast to sildenafil. The authors comment:

“The study was terminated early because, having consistently observed these latter two
important side effects of sildenafil which potentially outweighed any benefits in this stable
group of infants, we did not feel justified in continuing the investigation further.”

In Wessel et al, 1993, which was categorised by the sponsor as a PD study but listed as a study
providing relevant safety information, investigators administered ACH and iNO 80 ppm to
paediatric subjects after CPB, comparing the pulmonary vasodilatory effects. Administration of
iNO was only continued for 15 minutes. AEs were not explicitly discussed.

8.5.2.2.  Adult cardiac surgery studies

In six of the seven studies in adult cardiac surgery patients (not including transplant patients,
considered separately), no AEs were reported in the iNO treatment groups, but in most studies
it was not explicitly stated that no AEs occurred. Only in Fattouch et al, 2006 and Winterhalter
et al, 2008, was it explicitly stated that no major side effects were noted with iNO. In Fattouch
et al, 2005, four adverse events of hypotension were reported, but these were restricted to the
recipients of nitroprusside. In two studies of adult cardiac surgery patients, (Fattouch et al,
2005 and Fattouch et al, 2006), deaths were reported, these are considered in Section 8.5.5.3.

In Fattouch et al, 2005, the authors summarised safety-related outcomes as follows:

“Operative mortality was 1.7% (one patient died due to right ventricular failure). One
patient needed biventricular assist device because of right ventricular failure. Two patients
had massive bleeding requiring re-exploration. Hospital mortality was 5.1% (two patients
died due to multi-organ failure and ARDS syndrome). There were no significant changes in
HR, MAP, CVP, PCWP, CO, and SVR in patients receiving PGI2 and/or NO [as shown in
efficacy tables]. Systolic and MAP decreased significantly in seven patients of Group C [the
sodium nitroprusside group], requiring drugs interruption.”

This passage implies that 7 nitroprusside recipients required drug interruption, but in the
discussion, the authors write: “Four patients treated with nitroprusside had severe hypotension
episodes requiring drug interruption before PVR < 200 dynes sec/cm>”. They also mention that
two of 14 prostacyclin recipients required drug interruption, but no mention is made of any iNO
recipients requiring discontinuation of therapy, implying better tolerability for iNO.

In Fattouch et al, 2006, the authors included the following safety-related comments:

“Hospital mortality was 3.4% (one patient died for right ventricular failure in the iNO
group and one for uncontrolled bleeding in the control group).”
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“Patients in the control group needed higher doses of inotropic and vasopressor drugs than
patients in the iNO and iPGI2 groups. No adverse effects were observed due to drug
administration.” [Emphasis added.]

In Gianneti et al, 2004, the authors did not provide any explicit discussion of safety, though the
authors noted that “NO and control [standard care] groups showed comparable results in term of
arterial oxygen saturation and arterial tension of oxygen, time of intubation, time in intensive care
unit, and post-operative ejection fraction (data not shown).”

In Schmid et al, 1999, discussion of safety was minimal, but the authors commented that “In-
hospital outcome was favourable in all patients (Table 1), and all were discharged in good
condition.” This study used a crossover design, so it would not have been possible to draw
strong inferences from the incidence of AEs, even if these had been comprehensively reported.

In Solina et al, 2000, adverse events were not discussed, and safety-related observations were
restricted to noting that the haemodynamic effect of iNO was relatively selective, leading to less
systemic hypotension than observed with milrinone.

In Solina et al, 2001, adverse events were not discussed.

In Winterhalter et al, 2008, discussion of safety was minimal and AEs were not listed, but the
following comment suggested similar tolerability of iNO and inhaled iloprost: “No major side
effects related to the inhalation of iNO or iloprost were observed during the study period. Also, the
vasoactive support used for weaning from CPB was comparable between the groups.”

8.5.2.3.  Adult cardiac transplant studies

In Ardehali et al, 2001, the incidence of right ventricular dysfunction was lower in the iNO group
than in historical controls, but AEs other than right ventricular dysfunction were not reported.

In Rajek et al, 2000, no AEs or deaths occurred within the treatment period, but two patients in
the iNO group and one patient in the PGE1 group developed systemic infections that eventually
resulted in death.

8.5.2.4. Adult cardiac assessment studies

Adverse events were not explicitly mentioned in Kieler-Jensen et al, 1994, Lepore et al., 2005, or
Radovancevic et al, 2005.

8.5.2.5.  Adult LVAD studies

In Argenziano et al, 1998, the authors state “No complications were associated with inhaled NO
administration,” but this is immediately followed by a description of a serious event clearly
related to abrupt cessation of iNO.

“In 1 patient dependent on inhaled NO, a ventilator malfunction on post-operative day 2
caused abrupt discontinuation of the gas, resulting in hemodynamic collapse and
ventricular fibrillation. This patient was resuscitated and received a right ventricular
assist device, which was removed successfully 3 days later, again with inhaled NO support.
The patient was weaned from inhaled NO over the next 2 days and subsequently
underwent transplantation.”

This event highlights an intrinsic risk of administering an important vasoactive drug through a
ventilator; in the event of a ventilator malfunction, subjects will experience an abrupt drug
interruption along with the other complications of ventilator malfunction.

The authors also describe two perioperative deaths (see Section 8.5.5.3). Apart from the
ventilator malfunction and the two deaths, AEs were not discussed.

The only other LVAD study was a sponsor led study, described above (see Section 8.5.1.2).
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8.5.3. Treatment related adverse events (adverse drug reactions)

Investigator led studies did not report the incidence of treatment related AEs. In the two
sponsor led supportive studies, AEs were classified on the basis of their possible causal relation
to treatment.

In INOT22, four subjects (3.2%) had at least one AE thought to be potentially related to the
study drug. All subjects received iNO and so there was no untreated control group to provide
context for the AEs. In two subjects, drug-related AEs led to discontinuation of iNO.

Table 91: Adverse events related to study drug by diagnosis, INOT22

Diagnosis
System Organ Class/Preferred IPAH Cardiomyopathy CHD Overall
Term (N [%])" (N=28) (N=5) (N=91) (N=124)
Cardiac Disorders 0 (0.0} 0(0.0) 2(2.2) 2(1.6)
Bradycardia 0(0.0) 0 (0.0) 1(1.1) 1(0.8)
Low CO Syndrome 0 (0.0} 0{0.0) (1.1} 1 (0.8)
Investigations 0 (0.0) 1 (20.00 1{1.1) 2(1.6)
ECG ST Segment Elevation 0(0.0) 1(20.0) 0 (0.0) 1(0.8)
(O, Saturation Decreased 0 (0.0} 0(0.0) (1.1 1(0.8)
e e | 000 [ oeo [ 1an [ 1w
PH 0 (0.0) 0 (0.0) (L) 1 (0.8)
Vascular Disorders 0 (0.0) 1 (20.0) 0 (0.0) 1 (0.8)
Hypotension 0 (0.0) 1 {20.0) 0(0.0) 1 (0.8)

* System organ classes and preferred terms are coded using the MedDRA dictionary. System organ classes and
preferred terms are listed in descending order of frequency for the Overall column. A patient with multiple
occurrences of an AE is counted only once in the AE category.

In INOT41, suspected drug-related AEs were more common with double blind iNO (9 subjects,
13.0%) than with double blind placebo (5 subjects, 7.4%). The incidence of drug-related AEs
was even higher in the open label phase (29.4%), but this partly reflects the longer duration of
open label treatment. As shown in the table below, the most common AEs in the iNO group
where a causal role was thought possible were right ventricular failure and post-procedural
haemorrhage. Right ventricular failure was less frequent with iNO, as discussed in the Efficacy
section, so an adverse causal role for iNO in producing this AE seems unlikely. Similarly, in the
overall post-marketing experience of iNO, bleeding has not emerged as a significant increased
risk in iNO recipients (see Section 8.9.2).
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Table 92: Adverse events in INOT41, severity and relatedness

Incidence of Adverse Events in a Total of Two or More Subjects During Double-Blind Treatment by
Overall Incidence, Severity and Relatedness; Safetv Population

IOy Placebo
[ ] (N = 68)
MedDDRA System Organ Class n (te) with: o (*a) with:

Freferved ferm Any AEs Severe AEs Related AE-\. Any AEs Severe AEs Ralared AE\‘
Total n (*a) with AE 18 (26.1%) 6 (8.7%) 9 (13.0%) 18 (26.5%) B(10.8%) 5(7.4%)
Blood and Lymphatic Systein Disorders 2 (2.9%) 0 {0.0%a) 0 (0.0%4a) 4 (5.9%) 0 (0.0 a) 1(1.5%)

Thrombocytopenia 0 (0.0%) 0 (0.0%%) 0 {0.0%) 3 (4.4%) 0 (0.0%4%) 1(1.5%)
Cardiae Disorders 5 (7.2%) 3 (4.30%) 4 :5.;-” 6 (8.8%) 2 (2.904) 2 (2.9%)

Right ventricular failure * 3 (4.3%) 3 (4.3%) 3(d.3%) 4 (5.9%) 2{2.9%) 2 {2.9%)
Injury, Poisoning and Procedural 4 (5.8%%) 3 (4.30%) 3 (4.3%0) 6 {B.5%) 3 (4.4%0) 2 (2.904)
Complications

Postpro¢ediral hasmorrhage 3 (4.3%) 2 {2.9%) H(4.3%) 5(7.4%) 2 {2.9%) 1(1.5%])
Vascnlar Disorders 4 (5.8%) 0 (0.00%%) 1 (1.4%a) A (4.4%) 3 (4.4%0) 1{2.9%%)

Haemorhage 3 (4.3%) 0 (0.0} 0 {0%%) 3(4.4%) 3 (4.4%) 2 {2.9%%)

The dara inchuded in the table are based on the incidence in the “any AE" cohunns: the comesponding nmunber and percentage of subjects with
severe or related AEs have been inchided.

' Any AE. regardless of causality or seventy

* Includes any AEs whose rélationship to study drug was remote. possible, probable, or highly probable

* Ineludes prefemed temn “acute right ventricular filire

8.5.4. Serious adverse events

In general, investigator led studies did not formally report the incidence of SAEs, with the
exception of Kirbas et al, 2012, and Loukanov et al, 2011. In both of these studies, it was stated
that no SAEs occurred within the observation period.

In the two sponsor led studies, SAEs were explicitly reported and tabulated.

In INOT22, three SAEs occurred during the study period (listed below), and four additional SAEs
occurred shortly after the treatment period, for a total of seven SAEs. Three of these were fatal.

Table 93: Serious adverse events, INOT22

Diagnosis
System Organ Class/Preferred IPAH Cardiomyopathy CHD Overall
Term (N |%])" (N=28) (N=5) (N=91) (N=124)
Patients With at Least One SAE 0(0.0) 1 (20.0) 2(2.2) 3(2.4)
Cardiac Disorders 0 (0.0) 0 (0.0) 2(2.2) 2(1.6)
Bradycardia 0 (0.0) 0 (0.0) 1(1.1) 1(0.8)
Cardiac Arrest 0(0.0) 0(0.0) 1(1.1) 1(0.8)
Low CO Syndrome 0(0.0) 0 (0.0) 1(1.1) 1(0.8)
Investigations 0(0.0) 1(20.0) 1(1.1) 2(1.6)
ECG ST Segment Elevation 0(0.0) 1(20.00 0 (0.0)y 1(0.8)
Oxygen Saturation Decreased 0(0.0) 0{0.0) 1(1.1) 1 {0.8)
oY Tharacie, sad 0(0.0) 0(0.0) 1L | 1(08)
PH 0(0.0) 0 (0.0 1(1.1) 1(0.8)
Vascular Disorders 0(0.0) 1(20.00 0 (0.0) 1(0.8)
Hypotension 0(0.0) 1(20.00 0 (0.0) 1 (0.8)

* System organ classes and preferred terms are coded using the MedDRA dictionary. System organ classes and
preferred terms are listed in descending order of frequency for the Overall column, A patient with multiple
oceurrences of an AE is counted only once in the AE category.
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SAEs in the INOT22 study appeared to be more common in subjects with elevated left atrial
pressure. At baseline, 10 of 124 patients (7.5%) had a PCWP = 18 mm Hg; of these 10 patients, 3
had a SAE or were prematurely discontinued from the study, a serious event rate of 30%,
compared to 6.5% for the entire cohort. Because of this, an amendment to the exclusion criteria
was made during the study, to exclude patients that had a baseline PCWP of > 20 mm Hg.

In INOT41, during double blind treatment with iNO or placebo, the incidence of SAEs was lower
in the iNO group (10%) than the placebo group (16.2%). After double blind treatment, patients
were allowed to switch to open label iNO, which they received for much longer than they
received double blind treatment. The fact that open label iNO was used in subjects who needed
it - that is, in those with persistent pulmonary hypertension - as well as the longer exposure
time, probably accounts for the higher incidence of SAEs with open label iNO than with double
blind iNO or placebo.

The most common SAEs consisted of a need for renal replacement therapy, haemorrhage, and
pyrexia; these AEs could be attributable to the underlying disease (severe cardiac failure) and
the procedure (LVAD insertion). The incidence of these SAEs was generally similar in the iNO
and placebo groups. The only SAE that was more common with double blind iNO than placebo
was the need for renal replacement therapy (10 patients, 14.1% versus 8 patients, 11.4%) but
this was not statistically significant.

Table 94: Incidence of serious adverse events during treatment, INOT41

N (%) of subjects with an SAE® during:
Double-Blind Open-Label
MedDRA System Organ Class l l-I.Z\"D- -"--I':-‘“lan;bo ;\OI;HI\ i
Preferred term" (N =69) (N =68) (N=34)
Total n (%5) of subjects with SAE © T(10.1%) 11 (16.2%) 6 (17.6%)
Blood a-l;(i‘Ly'lnpi;atir Svstem Disorders (.I-H).O”o;. 1 &.1,5%] ' [I-l:{],l]“fn);‘ [
Thrombocytopenia 0 (0.0%) 1(1.5%) 0 (0.0%)
Cardiac Disorders 3(4.3%) 3 (4.4%) 3(8.8%)
Right ventricular failure * 3(4.3%) 3 (4.4%) 1 (2.9%)
Ventricular dysfunction 0 (0.0%) 0 (0.0%%) 1 (2.9%)
Ventricular fibrillation 0 {0.0%)) 0{0.0%) 1 {2.9%)
General Disorders and Administration 0{0.0%) 0 (0.0%) 2 (5.9%)
Site Conditions
Multiorgan failure 0 {0.0%) 0 (0.0%) 2 (5.9%)
Injury, Poisoning and Procedural 3(4.3%) 4 (5.9%) 1{2.9%)
Complications
Cardiac fimction disturbance postoperative 0 (0.0%) 0 (0.0%) 1 (2.9%)
Haemothorax 0 {0.0%) 1(1.5%) 0 (0.0%)
Postprocedural hemorrhage 2 (2.9%) 3 (4.4%) 0 {0.0%)
Procedural complication 1 (1.4%) 0 (0.0%) 0 (0,0%)
Nervous System Disorders 0 (0.0%) 1 (1.5%0) 0 {0.0%)
Cerebrovascular accident 0 (0.0%) 1(1.5%) 0 (0.0%)
Convulsion 0 (0.0%) 1 (1.5%) 0 (0.0%)
Vascular Disorders 1(1.4%) 3 (4.4%) 1(2.9%)
Hemorrthage 1 (1.4%) 3 (4.4%) 1 (2.9%)

* Table includes both faral and nonfatal SAEs

™ Subjects with multiple occwrrences of a particular SAE have been counted only once
¢ A subject may have had more than 1 SAE.

4 Includes preferred term “acute right ventricular failure™
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8.5.5. Deaths

Deaths in the submitted studies that occurred in iNO recipients within the study period are
summarised in the tables below. No study was adequately powered to compare the mortality
rate with iNO versus placebo or active controls, and the mortality data across different studies
cannot be pooled given the different designs employed in different studies.

Many of the deaths occurred well after exposure to study drug, and, in the investigator led
studies, no death was thought to be directly related to study drug. In INOT22, two deaths were
thought to be potentially related to study drug, but no clear causal mechanism existed (see
discussion below). In INOT41, three deaths were thought to be potentially related to study drug,
but a review of these deaths did not suggest that iNO played a significant role.

Overall, the mortality rate in the submitted studies was broadly consistent with the expected
mortality rate in a cardiac surgery population, and a review of the individual patient narratives
did not raise any specific safety concerns, as discussed below.

Table 95: Deaths reported in published literature

r - - - — — — - — B — :
{Amibior, vear) Centre | 1D Age Sex | Dose Duratbon | [Magnols Cawse of Death | Medieation | LRIt Lo of Narrative
| | | | Pathalogies | Description |
PFacdiatrbc Cardiac Surgerbes |
 Ensbriaorsiehasdrrtotdod i vl = - e = . e B : =
{Milker 1 al BAH | wig | nis NS | l0ppm | NS | mrs PHTC | s [ 25 PHTC sssociated with
0aHl ) Syelney | | | | [0t TR
Malker et al do pot provide any ypecfic detals on the othier 4 INO grosp deaths. Omly e death ocommed withim the sty peried - growp not sated |
' . ¥ v - ' . ' . - v ' '
(Gokdman et ol GOsH i 13 months F | S0ppns Ihaun %2 | MVS wWe | NS | M Daed 2 days post
15953 cessaton of INComax
| | from delaved PHTC [
{Crobdman et al GOSH | NS | NS{Paed) | NS | 20ppm | Ihminx2 | N% Sudti organ fxilore | NS | NS |
L5951 |

[ Addirionafly. | paticut died frou underlying ling divease unsclared to INuwsee and 1 from LVE secondary 10 au tinder staged degree of LV iypoplsin
Embas et al, 20012 | Luanba] | NS | NS (Paed) | NS | Xppm Tilms | NS Chrom resp Lihire NS | N5 | |

Cardiac Surgeries

_I|-'.1:.'\Ih.'|l etal Palereno H-;_I-._\:-;;.-\;ﬂl-{t_'l_:?{ 5 | H“.ﬂ. . MA® | Mgl valve R-"'.? | N& ' "\C“‘- -'|..\-|n-|i ] -
W05 | nemonts | before receiving Do
(Famoucheral, | Palemo | NS | NS Aduln | NS | NS NS | Miaral valve | Muhi ongan Ealure | W | Ns Urbewesm wheher gy I

— [ reimivnd D0
APTR FESTT TYU NEreranrT WS VT— . | btk BRI SNSRI T PP |
i ctal, | Palomo | NS | NS {Adul | WS | NS NS | Maal valve | Mulnorgan Giliee | WS | N5
A0y | | stemois | | |
[ {Famouch et al | P.L'Im'mr WA [ e lk-T) ‘u:lulr-; NS ; S0pgua [ WE [ sieml valve [ Right vemtnculay faaluge [ NS [ NS i |
| stements | |
L : |
[nsnedintely Post |5 Sepis | NS [ | et cxcuered s the |
| Tramsplam : i i | | | iy perad bt wilan 30
. 4o . po e e 1 . . { Ay of tramyplamation
NS | d—2dpp | 6—=48h | Insmcdiaicly Post | Sysiconic Sepsis [N | WS |
|m | Tramsplam | | | |
l | Bk i |
Table 96: Deaths in Study INOT22
= : _
Medic | Other Location of
[Trial Centre | ID |Age |Sex  |Dose  |Duration | Diagnosis COD afions. | Fathologies | Narvative
Dheseription
Comected VAD.
Pulmonary Ersenmssigens
(INOT22 Hypenensionwith | Refractory PH | symdrome, N0 22
2005) NS 04-008 |4y (M |Soppm | TOmim Pulmonsry anery | apd RVF w5 | Pulewnary Clinical Srudy
3 | sheTHSis | hypertension and Heport p7é
| dilated RV
| Procedure
| related Aortic
E— Severe | valve cusp bear INOT2?

-;r.\i 2L | Bradycardia | wath “litical Sy
ZCHE} N/E 05002 (4m |F |S0ppm |10 AVSD and PH and WS | concomitan AV | S 1HCHS f,' ¥

ip
dessnration | segurgitation Bepirt g7

| 04-001, 2 2 Sy maale child with Corrected Coarction of Acata and MV developed LVF post Mitral valve repair and was awaiting transplantation at the time of
cardiac catheterization. He received INO (80ppay) for 79 min i protecol (and an indetermanate duration om of protocal), 30 mins pest withdrawal of @8O, he
| developed profound hypotension whech proved refractory to inotropic support, The canse of denth was deented nnrelated to a0
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Table 97: Deaths in Study INOT41

Medic | Other Loc of

Trial Cepnire | 1D Age | Sex Dase Duration Diagnosis Oy atisns Pathologies ?{:\na_m.r
Thescy iption
{INOT41 NS IR0 B3 F 4ippan | Placebo Cardionnopathy Severe Renal NS Vahoalsr hewn INOTA]
2009} DB for failure and '('."";" . Clinical Study
asdionsyopattry, .
104 hrs AOF AT _“_:_1;-T Report pié
then OL
10 for
91.8h
| (mOT41 NS BAD2 ooy | M| Alppan | N0 Cardiomyyopathy | RVF M5 DM, Renal Fuchee, | 1
¥ ) ) % INOT41
S0 1h (DB} A Tricurpid
o Bogurgitation, ML Clamcal Snwdy
140l (DL} Hypertason sl Repom pis
Yahoalar diseasa
{INOT4) WS BASE | S6y | M d0ppm | oy Cardionyyopathy | MOF it | Echsemia, b1 INOT4]
2005} . - Byttt Clinical Study
0.5h (DB} R el Fahars. Renort -
e i
62411 (OL) pony
{INOT41 byl 4P15 T8y | F A0ppan | placebo Cardiongyopathy | RVF by 03 Esabanage bear INOT4]
- - e by o ¥
200} D for | i"""f' Clinical Study
el cteiei
N then O1 Repor poéb

AN o
7.8k

8.5.5.1.  Deaths in sponsor led studies

There were three deaths reported in INOT22, two during the study period and one shortly after
the treatment period.

One death occurred in a 4 year old boy with a history of congenital heart disease, increased right
ventricular pressure, ventricular septal defect repair, pulmonary artery stenosis, transposition
of the great vessels, balloon atrial septostomy, pulmonary hypertension, and Eisenmenger's
syndrome. He underwent a cardiac catheter study for pulmonary artery stenosis and, during the
procedure, was found to have severe pulmonary hypertension. Between receiving 0, 100% and
iNO 80 ppm, he was accidentally extubated. He was stabilised and continued with the study
protocol, but while receiving iNO alone, he experienced severe hypotension with hypoxia and
bradycardia. He was transferred to the intensive care unit but suffered a severe deterioration
with pulmonary hypertension and right ventricular failure. Despite ongoing support with
inotropes and iNO, he died the next day. The investigator deemed this event to have a
“probable” relation to the study drug.

Another death occurred in a 4 month old girl with a history of congenital heart disease (atrio-
ventricular septal defect) and secondary pulmonary hypertension. During catheterisation, the
posterior aortic cusp was accidentally perforated, resulting in aortic regurgitation. Two hours
after the procedure, she suffered oxygen desaturation and severe bradycardia. She required
cardio-pulmonary resuscitation, which was unsuccessful. The investigator involved regarded
the death as unrelated to study drug, but the medical monitor classified the event as “possibly”
related to the study drug. It appears very likely the death was ultimately caused by the
accidental perforation of the aortic valve.

Finally, a 2.5 year old boy with a history of coarctation of the aorta and severe cardiac failure
was being worked up for a possible heart transplant, and received iNO 80 ppm for 79 minutes.
Thirty minutes after withdrawal of iNO, he suffered hypotension, bradycardia, hypoxia, and
cardiac arrest. Cardiac compressions and a dobutamine infusion were initiated and he
recovered a normal rhythm. He was transferred to the intensive care unit. Treatment with
dobutamine, sildenafil, and sedation was maintained during the next 72 hours. Catheterisation
was repeated the next day to re-evaluate the pulmonary resistances and iNO was administered
again, outside the context of the study protocol, along with an oral loading dose of sildenafil.
There was no response in pulmonary pressure, which remained markedly elevated, and the
patient died 8 hours after the procedure with refractory hypotension. The death was thought to
be unrelated to iNO.
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In INOT41, two deaths occurred due to RVF during double blind treatment, but they were
balanced across treatment groups: 1 out of 69 (1.4%) in the iNO group and 1 out of 68 (1.5%) in
the placebo group. The death in the iNO recipient was considered “remotely” related to study
drug, and while the death in the placebo recipient was considered unrelated. Overall, RVF was
less frequent with iNO.

Two more deaths occurred during open label iNO treatment. Both deaths were attributed to
multi-organ failure and were considered to be “remotely” related to study drug. There is no
evidence of a causal relation between iNO treatment and the deaths.

Table 98: Adverse events with a fatal outcome during treatment, INO41

N (%) of subjects who died during:
Double-Blind Open-Label
MedDEA System Organ Class INO Placebo INOmax
Preferved term (N =69 (N = 68) N=34
Total n (%) of subjects who died” 1(1.4%) 1 (1.5%) 2(5.9%)
Cardiac Disorders 1(1.4%) 1(1.5%) 0 {0.0%)
Right ventricular failure 1(1.4%) 1 (1.5%) 0 (0.0%)
[ G;eue.ral [.H'i.l)l‘ll.l;i": ml(ll ; 0 [[.I..-ﬂ‘!‘—’ul} {I. {.[I.ﬂ%l}l 2 {5.9%}
Administration Site Conditions
Multiorgan failure 0 (0.0%) 0 (0.0%) 2 (5.9%)
Renal and Urinary Disorders 0 {0.0%) 0 (0.0%) 1(2.9%)
Renal failure 0 (0.0%) 0 (0.0%) 1 (2.9%)
Respiratory, Thoracic and 0 (0.0%) 1(1.5%) 0 (0.0%)
Mediastinal Disorders
Respiratory disorder 0 (0.0%) 1 (1.5%) 0{0.0%)

* Subjects may fall nto more than one category.

8.5.5.2.  Deaths in pivotal studies
In Miller et al, 2000, the authors report 8 deaths as follows:

“There were eight deaths (6-:5% of whole study group, five on nitric oxide, three on placebo;
p =0-49), 11 h to 42 days after surgery. This overall death rate is the same or less than that
reported by other major centres for similar groups of high risk young infants who
underwent surgery for congenital heart disease. Only one patient died while still in the
study protocol (s 7 post-operative days). This patient, with truncus arteriosus and
interruption of the aortic arch, died from surgical complications in the imnmediate post-
operative period. Two patients died from low cardiac output (one after reoperation for
mitral-valve replacement) and three died from sepsis .None of the six deaths was related to
pulmonary hypertension. Only two patients (one in each group) died from suspected PHTC,
each associated with pneumothorax, at 192 h and 222 h, respectively, after surgery. Thus
none of the eight deaths seemed related to the effects of study gas.”

In Russell et al, 1998, no deaths were reported; it is not explicitly stated that no deaths
occurred, but this seems likely. In Day et al, 2000, no deaths were reported; the authors propose
that one of their control subjects avoided death by prompt commencement of rescue iNO. In
Morris et al, 2000, deaths were not mentioned.

8.5.5.3.  Deaths in other investigator led studies

Many studies either explicitly reported that no deaths occurred or implied that no deaths
occurred.
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In Goldman et al, 1995, four deaths were reported. Three were attributed to severe underlying
lung disease, multi-organ failure or LVF. The fourth death was due to a fulminant hypertensive
crisis two days after the cessation of iNO therapy; death was not thought to be related to
previous iNO treatment and the authors stated that the patient did not survive long enough to
restart iNO therapy.

In Fattouch et al, 2005, one patient died intra-operatively before receiving iNO and another two
patients died “due to multi-organ failure and ARDS syndrome” but it was not stated which
treatment these patients received.

In Fattouch et al, 2006, deaths were balanced across treatment groups: “Hospital mortality was
3.4% (one patient died for right ventricular failure in the iNO group and one for uncontrolled
bleeding in the control group).”

In Ardehali et al, 2001, the 30 day survival in the iNO-treated group was 100% compared with
81% in the historical control group (three deaths).

In Rajek et al, 2000, no deaths were reported within the treatment period but two patients in
the iNO group and one patient in the PGE1 group developed systemic infections that resulted in
deaths within the first month post transplantation.

In Argenziano et al, 1998, two deaths were reported: “One occurred on post-operative day 1 and
was due to intractable haemorrhage in a patient with multiple-system failure. The other occurred
on post-operative day 3 and was due to brain death in a patient with an intraoperative
cerebrovascular embolic event.”

8.5.6. Discontinuation due to adverse events

In the investigator led studies, discontinuations were not reported systematically, but in most
studies it was implied that all subjects continued therapy for the protocol-specified period. (A
couple of investigator led studies allowed switching to open label rescue iNO in the event of
refractory pulmonary hypertension, so control therapy was discontinued; this is discussed in
the Efficacy section.)

In the sponsor led studies, discontinuations were tabulated as shown below. In INOT22, two
discontinuations were reported: one for hypotension and ST segment elevation, and one for
reduced oxygen saturation. In this study, all subjects received iNO and there was no untreated
control group to provide context for the AEs.

e An 8.4 year old girl with a history of cardiac valvuloplasty in the neonatal period, aortic
stenosis, moderate aortic regurgitation, cardiomyopathy, and pulmonary hypertension
experienced severe systemic hypotension after 4 minutes on iNO with 100% O>; the iNO
was discontinued and she was treated with 100% O; and a dobutamine infusion. She
recovered normal blood pressure in 20 minutes.

e A 1lyearold female with congenital heart disease, pulmonary hypertension and a history of
arepaired ventricular septal defect experienced systemic desaturation (35%) 7 minutes
after initiation of the third dose of iNO. The iNO was discontinued and the event resolved
after 2 minutes. The patient also received concomitant treatment with intravenous
midazolam and nalbuphine hydrochloride.
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Table 99: Adverse events leading to withdrawal from treatment, INOT22

Adverse Event Number of Patients (%)
(N=124)
-';’.‘;..ljdiovascu]ar - 1(0.8)
Hypotension and ST Segment Elevation 1(0.8)
Investigations 1(0.8)
- 0: _S-a-t-uratioﬁ_laéa'éascd 1(0.8)

In INOT41, seven discontinuations were reported: three in the iNO group and four in the
placebo group. Six of these discontinuations were related to right ventricular failure, and one
was related to elevated central venous pressure.

Table 100: Adverse events resulting in permanent discontinuation, INOT41

START END RELATION
SUBJECT | STUDY PREFERRED DATE ON. | DATE TOSTUDY
ID | PERIOD |[BODY SYSTEM TERM REPORTEDTERM | TIME |GOING | TIME | SEVERITY | DRUG | OUTCOME
STUDY |CARDIAC DISORDERS |ACUTE RIGHT ACUTE RIGHT 2006.02 200602 | SEVERE | REMOTE FATAL
DRUG - VENTRICULAR VENTRICULAR 01T01.00:00 04T21:55.:00
FLACEB FAILURE FAILURE |
o]
I STUDY |CARDIAC DISORDERS |RIGHT VENTRICULAR |RIGHT VENTRICULAR | 2006.05- | YEs MODERATE | POSSIBLE | RESOLVING
DRUG - FAILURE FAILURE 10T13:54.00
PLACEB
o |
STUDY |INVESTIGATIONS CENTRAL VENOUS  |ELEVATEDCVP 2006-05- 2006-05- MILD REMOTE | RESOLVED
DRUG - PRESSURE INCREASED | 31T16:15.00 3172000.00
™o |
STUDY |CARDIAC DISORDERS |RIGHT VENTRICULAR |R HEART FAILURE 2007-01- 2007.01. | SEVERE NOT FATAL
DRUG - FAILURE { 1ET1 22500 1ET20: 1000 RELATED
PLACEB
4]
STUDY |CARDIAC DISORDERS |RIGHT VENTRICULAR |RIGHT HEART FAILURE| 2007.11- 2007-11. | SEVERE | POSSIBLE | RESOLVED
DRUG - FAILURE | 06T17:24.00 07T07-02:00
NO
STUDY |CARDIAC DISORDERS |RIGHT VENTRICULAR |RIGHT HEART FAILURE| 2008-01- 2008-01- | SEVERE | POSSIBLE | RESOLVED
DRUG - FAILURE | 23T17-55:00 13TIS:00.00|
NO | |
STUDY |CARDIAC DISORDERS |RIGHT VENTRICULAR |RIGHT HEART FAILURE| 2008-03 2008-03- | MODERATE| NOT | RESOLVED
DRUG - FAILURE | 117192000 11T19.20:00| RELATED
| PLACED
o

8.6. Elevated left atrial filling

In the sponsor led PD study, INOT22, SAEs or permanent discontinuations occurred in 3 of 10
subjects with elevated PCWP (30%), compared to only 6.5% of the full study cohort. This is in
accord with other observations in the literature suggesting an increased risk of left ventricular
failure or pulmonary oedema when iNO is administered to subjects with pre-existing left
ventricular dysfunction.

Similar problems were not generally observed in the investigator led studies that formed the
submission, but some authors commented on the issue. In Schmid et al, 1999, the authors
reported that they did not observe adverse effects of iNO on increasing left atrial pressures in
their own study subjects, but they noted that such adverse effects had been observed in other
studies where left ventricular function was impaired. They made the comment:

“It is currently unclear whether volume shifts caused by selective pulmonary vasodilation,
leading to an increase in pulmonary venous return to the failing LV or a NO induced
attenuation of the positive inotropic response to -adrenergic stimulation in humans with

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 196 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

LV dysfunction, are responsible for the rise in LV filling pressure, but recent studies suggest
that a negative inotropic action of iNO is unlikely.” 15

In Ardehali et al, 2001, the authors note that iNO had no effect on left atrial pressure in their
own subjects, and they contrast to previous reports in which iNO caused increased PCWP. “In
this study, NO did not induce any change in left atrial pressure. It is interesting to note that in
patients with congestive biventricular failure, inhaled NO increased pulmonary capillary wedge
pressure (PCWP), possibly due to pulmonary vasodilation, and augmented venous return to the left
heart.”16

In Kieler-Jensen et al, PCWP was increased with iNO, compared to baseline (28 + 1 mm Hg at
baseline, increased to 33 + 1 with iNO 20 ppm, 32 + 1 at 40 ppm and 33 * 2 at 80 ppm.

In the Summary of Clinical Safety, the sponsor makes the following observations:

While inhaled NO appears to have no appreciable effect on the normal left ventricle (Budts
et al, 2001), inhaled NO may increase left ventricular filling pressure (as measured by the
pulmonary capillary wedge pressure [PCWP]) in some patients (Costard-Jackle & Fowler,
1992). However, in which patients this will occur cannot be accurately predicted a priori; it
is far more likely to occur in patients that have left ventricular (systolic or diastolic)
dysfunction with elevated PCWP at baseline. These patients are at risk of sudden onset of
congestive heart failure with acute pulmonary oedema or cardiogenic collapse (Hayward
etal, 1996), (Hayward et al,, 1997). This effect appears to be pharmacologic in nature and
in that sense, predictable (Bocchi et al.,, 1994).

This is a significant safety issue and it is important that clinicians using iNO are aware of it.

8.7. Laboratory tests
8.7.1. Methaemoglobin and NO;

The use of iNO is potentially associated with the formation of methaemoglobin and toxic by-
products, and most submitted studies reported the results of monitoring for these.

8.7.1.1.  Methaemoglobin

Methaemoglobin (methemoglobin, metHb) is an alternate form of the main endogenous oxygen-
carrying metalloprotein, haemoglobin (Hb), in which the iron in the heme group is in the Fe3+
(ferric) state, rather than the Fe2+ (ferrous) state of normal haemoglobin. The switch to the
ferric state is encouraged by high concentrations of nitric oxide, and the main consequence is
that the Hb is no longer available for carrying oxygen; this impairs the oxygen-carrying capacity
of blood, potentially leading to tissue hypoxia.

There are many potential causes of methaemoglobinaemia, including genetic deficiencies
(cytochrome b5 reductase deficiency, G6PD deficiency, haemoglobin M disease, pyruvate kinase
deficiency) and a range of environmental and pharmacological exposures. Drugs that have been
known to increase methaemoglobin levels include prilocaine, benzocaine, amyl nitrite,

15 Loh E, Stamler JS, Loscalzo ], Colucci WS. Cardiovascular effects of inhaled nitric oxide in patients with left
ventricular dysfunction. Circulation 1994; 90: 2780 -2785.

Bocchi EA, Bacal F, Aulor JO |, et al. Inhaled nitric oxide leading to pulmonary edema in stable severe left heart failure.
Am ] Cardiol 1994; 74: 70 -72.

Hare JM, Shernan SK, Body SC, et al. Influence of inhaled nitric oxide on systemic flow and ventricular filling pressure
in patients receiving mechanical circulatory assistance. Circulation 1997; 95: 2250 -2253.

Hare JM, Loh E, Creager MA, Colucci WS. Nitric oxide inhibits the positive inotropic response to beta-adrenergic
stimulation in humans with left ventricular dysfunction. Circulation 1995;92: 2198-2203.

Hayward CS, Kalnins WV, Rogers P, et al. Effect of inhaled nitric oxide on normal human left ventricular function. f Am
Coll Cardiol 1997; 30: 49 -56.

16 Semigran M], Cockrill BA, Kakmarek R, et al. Hemodynamic effects of inhaled nitric oxide in heart failure. | Am Coll
Cardiol 1994; 24:982.
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chloroquine, dapsone, nitrates, nitrites, nitroglycerin, nitroprusside, phenacetin,
phenazopyridine, primaquine, quinones and sulfonamides. Also, as stated in the PI for iNO,
neonates have diminished metHb reductase activity, and are therefore more vulnerable to drugs
promoting formation of metHb.

MetHb levels are expressed as the percentage of total Hb that is in the ferric state, and up to 2%
is normal. A rough guide to the significance of different metHb levels is as follows:

e 1to2% Normal

e Less than 10% metHb; No symptoms

e 10 to 20% metHb; Skin discoloration only (most notably on mucous membranes)
o 20 to 30% metHb; Anxiety, headache, dyspnoea on exertion

e 30 to 50% metHb; Fatigue, confusion, dizziness, tachypnoea, palpitations

e 50 to 70% metHb; Coma, seizures, arrhythmias, acidosis

e Greater than 70% metHb; Death.

Levels < 5% are generally considered to pose minimal risk. The previously approved PI
recommends dose adjustment if levels exceed 2.5%.

8.7.1.2.  Nitrogen dioxide

Nitrogen dioxide (NOz) is a toxic compound that can produce lung injury with resulting
pulmonary oedema. It can also precipitate asthma in susceptible individuals. The gas is acrid
and usually detectable by smell, but low concentrations (4 ppm) can anaesthetize the nose. It is
an environmental pollutant, with most atmospheric NO; arising from the burning of fossil fuels.
It is also produced at low levels when iNO and oxygen are combined, with the rate of formation
dependent on the levels of both NO and O.. (It should not be confused with the sedative agent,
nitrous oxide, which has the formula N,0).

According to the National Environment Protection Council of Australia, a desirable level for
nitrogen dioxide in outdoor air is 0.12 ppm over a one hour period or 0.03 ppm averaged over a
one year period. According to the previously approved PI for iNO, “The upper limit of exposure
(mean exposure) to nitric oxide for personnel (as defined by worker’s legislation in most countries
including Australia) is 25 ppm for 8 hours (30 mg/m3) and the corresponding limit for NO; is 2

to 3 ppm (4 to 6 mg/ m3).” The Pl recommends a downward dose adjustment if monitoring
detects levels of > 0.5ppm.

Most submitted studies reported the results of monitoring for NO2, as shown in the table below.
Mean levels up to 2.4 ppm were observed in Schmid et al, 1999, after use of iNO 40 ppm. In the
largest pivotal study, Miller et al, 2000, iNO was administered at a dose of 10 ppm, and all NO;
levels were < 2.1 ppm. Overall, when iNO is administered at doses < 20 ppm, it does not pose a
major risk of producing NO; toxicity, but it is important that monitoring remain in place during
administration.

The proposed indication does not pose any substantial new risks with respect to metHb or NO,
monitoring; the drug is already approved in neonates who would be expected to be one of the
most vulnerable populations if subjected to high levels of metHb or NO,.
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Table 101: Methaemoglobin and NO: levels compared with controls in all literature
studies

NB only the following listed studies reported these values

(Author, vear) MetHB NO2
Inhaled NO Control Inhaled NO Control

Paediatric studies

(Miller et al.. 2000) <3.4%in all cases | . <2.1ppminall | .
cases

(Cai et al.. 2008) <2.5%inall cases | /g 0.9 ppm N/S

(Goldman et al.. 1995) 8% max in one N/S <1.2 ppm N/S

(Crossover study) case fal

(Monris et al.. 2000) <2%mall cases | nyg N/S N/S

(Crossover study)

(Russell et al.. 1998) Mean of 1.6% = Mean of 1.0% = N/S N/S

i 0.4 0.3%
(Day et al.. 2000) 1.4%=+0.1% 1.1%=0.1% N/S N/S
max max

Adult studies

(Schmid et al.. 1999) 1.06% (1.55% 0.64% 2.4 ppm (6.44% | g

(Crossover study) max) ' max)

(Ardehali et al.. 2001) Within normal N/S <0.5 ppm in all N/S

i ’ limits patients
(Rajek et al.. 2000) Within normal N/S <0.5ppminall | g
i limits patients

Quantitative values were not supplied in Kieler-Jensen et al, 1994, but the authors produced the
following figure.

Figure 53: Nitrate and methaemoglobin during iNO treatment

Nitrate Met-Hb
oM M

-l [ .

50 4 50 - |
o] ] I |
c 20 40
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SO\
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SO,
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B0 ppm MO

Plasma levels of nitrate (lefr panel) and methemoglobin (Mer-Hb) (right panel)
in basal state (C) and during inhalation of nitric oxide (NO, 20 to 80 ppm) in six patients.
Filled bars represent pulmonary arterial blood; open bars represent systemic arterial blood,
[Data presented are mean * standard error of the mean.

The submitted studies did not assess environmental exposures to NO, within the intensive care
unit, due to leakage or exhalation of iNO, but this issue has been assessed previously. During
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standard usage and simulated leaking accidents, NO; levels did not reach concerning levels
(Lindwall et al, 2006).17

8.7.2. Liver function

Based on the original registration of iNO for the PPHN indication, and extensive post-marketing
use, there is no suspicion that iNO is hepatotoxic. Monitoring of liver function would have been a
normal part of post-operative care in nearly every submitted study, but the results were not
systematically assessed or reported.

In INOT41, liver functions tests were monitored in all subjects. ALT and AST tended to decrease
in the 48 hour treatment period in both treatment groups, probably reflecting improved cardiac
function after insertion of an LVAD. The placebo group had lower baseline values, but the
changes in AST and ALT were similar between the two treatment groups. Most subjects had AST
and ALT values that were within normal limits, but 14 iNO recipients and 12 placebo recipients
had AST or ALT values that were at least 10 times the upper limit of normal at baseline or at
other time points. There was no overall concerning trend noted in these cases.

8.7.3. Kidney function

Previous experience with iNO has not suggested any adverse effect on renal function, and so
most investigator led studies did not systematically report laboratory monitoring of kidney
function, even though renal function was likely to have been closely watched in all post-
operative patients. The sponsor stated that, in INOT41, renal parameters were similar in the
two groups.

The need for renal replacement was one of the minor efficacy endpoints in Study INOT41. No
significant difference was observed between the iNO and placebo groups, but there was a very
slight excess of renal replacement therapy in the iNO group (iNO 10 patients, 14.1% versus
placebo 8 patients, 11.4%).

8.7.4. Other clinical chemistry

Apart from metHb and NO; monitoring, already discussed, no other clinical chemistry was
closely followed in any of the submitted studies.

8.7.5. Haematology

Because nitric oxide activates cyclic GMP, it is theoretically possible that it could modify platelet
function, though it is likely to have only brief access to platelets because NO is rapidly taken up
by haemoglobin.

The sponsor’s Risk Management Plan, the previously approved PI and the new proposed PI all
contain the following comment: “Animal models have shown that nitric oxide may interact with
haemostasis, resulting in an increased bleeding time. The clinical data in adult humans is
conflicting, and there has been no increase in bleeding complications in randomised controlled
trials in term and near term neonates with hypoxic respiratory failure.”

In most investigator led studies, haematological monitoring is likely to have been performed in
all patients as part of routine peri-operative care, but the details were not reported. A review of
the adverse events mentioned in those papers did not suggest that changes in cell counts or
clotting parameters were a recognised complication of iNO therapy in any of the investigator led
studies.

In the sponsor’s randomised, double blind study in LVAD patients, INOT41, no difference was
noted between treatment groups in terms of haematological cell counts, blood loss, bleeding
episodes or other signs of impaired coagulation.

17 Lindwall R et al Workplace NO and NO2 during combined treatment of infants with nasal CPAP and NO. Intensive
Care Medicine 2006; 32: 2034-2041
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The sponsor’s Summary of Clinical Safety refers to a couple of reassuring clinical studies in the
literature, as follows:

“... data from humans have not identified signs or signals of an increased risk of bleeding
from the administration of low clinical doses of inhaled nitric oxide. Similarly a low dose of
30 ppm inhaled nitric oxide in healthy volunteers did not cause significant change in
bleeding time or platelet function as compared to placebo, while active control with
aspirin caused an expected change in both parameters (Albert et al, 1999), (Breuer et al,
1998), (Mellgren et al, 1998), (de Mol et al.,, 2007). The effects on coagulation parameters
of the clinical use of iNO in children having undergone cardiac surgery due to congenital
heart disease have been studied by Breuer (Breuer et al, 1998) and in patients with
inhaled NO the same pattern was observed and there was no difference between iNO
treated and the control groups of patients. In children having received iNO before ECMO no
signs of increased bleeding were observed in a study by de Mol (de Mol et al, 2007). There
is also a study evaluating the effects on coagulation parameters in conjunction with the
treatment in PPHN without showing any increased risk of bleeding (Beghetti et al., 1995).”

On balance, it does not appear that iNO poses any significant haematological risk, though it
should remain a focus of post-marketing safety surveillance.

8.7.6. Electrocardiograph

Subjects in all submitted studies are likely to have had frequent ECG monitoring because this is
a mandatory component of cardiac catheterisation and post-cardiac-surgery care. No
investigators reported any consistent or concerning patterns in the ECGs of iNO recipients,
though an abnormal ECG with ST segment elevation was a component of a previously discussed
adverse event in a patient from INOT22.

In general, the effects of iNO on cardiac function have been neutral or beneficial, with some
studies reporting improvements in cardiac index. As previously mentioned, iNO can increase
left ventricular preload by vasodilating the pulmonary circulation, and this effect could cause
problems in subjects with pre-existing left ventricular dysfunction. Resulting left ventricular
strain or worsening failure could be manifest in the ECG, though this was not directly reported
in any study.

Given that the haemodynamic effects of iNO were the principal focus of nearly every submitted
study, and iNO has been used extensively in the intensive care setting for its approved
indication as well as off-label for the proposed indication, there is no reason to suspect that iNO
has any other adverse effects on cardiac function that would be manifested in the ECG.

8.7.7. Vital signs

No studies reported that iNO produced adverse changes in respiration or temperature. Most
submitted studies specifically assessed the effect of iNO on pulmonary and systemic
haemodynamics, so these factors have already been discussed extensively in the Efficacy
section. Compared to other pulmonary vasodilators, particularly intravenous vasodilators, iNO
poses much less risk of causing systemic hypotension.

Nonetheless, the sponsor provided a summary of the systemic blood pressure and heart rate
changes reported in response to iNO, in both published studies and the sponsor’s own studies,
as shown in the tables below. Overall, no concerning changes in vital signs were noted.
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Table 102: Variation of MAP and HR between iNO and control groups across literature

studies
{Author, vear) Mean Arterial Pressure (mmHg) Heart rate
Inhaled NO Control'baseline Inhaled NO Control
Paediatric cardiac surgery
Miller et al. 2000 | N/S NS NS N/S
Russell eral. 1998 |5129 a1 T20 4524 baseline 164235 at T20 155£31 baseline
Day et al. 2000 8724 8925 baseline 15545 1625 baseline
Moris et al. 2000 | 64.6 63.3 baseline 134.3 137.5 baseline
Cai et al.. 2008 NS NS NS NS
Goldman et al, No significant change compared with NS
1995 baseling
Kirbas et al. 2012 | 60.6329.09 30 mins | 54.13£9.27 123632207330 | 1117521496
after pump baseline mins after pump baseline
Loukanov et al, N/S NS NS NS
2011
Stocker et al. 2003 |65 iNO 20mun 68 baseline (NG 1st | 150 iNO 20nun
(INO lst) 70.6 sildenafil 1st | (NO 1st) 151 iNO | 145 baseline
55 INO 20min 20min (sildenafil
(sildenafil 1s1) 1st)
Wessell et al. 1993 | 60.922.6 65822 4 baseline | 12226 12326 baseline
Adult cardiac surgery / transplant / LVAD
(Famouch et al.. 51=8 797 Q=5 806
2005)
(Famouch et al.. T79£10 baseline 8029 (baseline) 80223 (baseline) §2+20 baseline
2006) 511 T6 6812 TG 9515 T6 9312 To
{Gianeni et al., NS NS NS NS
2004)
(Schmid et al.. T6 mean 75 (baseline) 92 mean 92 baseline
1999
(Solina et al., 2000) [ 90213 iNO 20ppm |99£18 iNO 20ppm | 9418 iNO 20ppm | 75218 iNO 20ppm
ICT armval baseline ICU amival baseline
$5+13 INO 40ppm | 99=15 iNO 40ppm_| 9415 iNO 40ppm
ICU arrival baseline ICU arrival 84=20 iNO 40ppm
baseline
3210 iNO 10ppm (97210 iNO 10ppm | 20214 INO 10ppm | T1=20 iNO 10ppm
(chest closure) baseline (chesi closure) baseline
81£11 INO 20ppm | 08214 iNO 20ppm | 98218 INO 20ppm | 73215 iNO 20ppm
sttt 2000 (SIS ne |t ot |
{chest closure) 103:|:I20 Y 30ppon {chest closure) ;:::IENQ 30ppm
75+12 iNO 40ppm | baseline 89210 INO 40ppm A
{chest closure) 101£19 NO 40ppm | (chest closure) 7916 iNO 40ppm
baseline bascline
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Table 102 (continued): Variation of MAP and HR between iNO and control groups across

literature studies

(Author, vear) Mean Arterial Pressure (immmHg) Heart rate
Inhaled NO Control/baseline Inhaled NO Control
(Winterhalter et al., | 90=17 iNO ICU TE£12 INO 104210 INO ICU | §5222iNO
2008) arrival baseling arrival baseline
{Ardehali et al.. 8023 chowrs INO | 8023 shours iNO [ N/S NS
2001} 7023 1 Xhowrs iNO | 7823 shours iNO
{Rajek ef al.. 2000) | 6522 post 7521 pre transplant | 130=2 post 8923 pre transplant
transplantation baseline transplantation baseline
(Kieler-Tensen et 8224 INC 20ppm 5926 INO 20ppm
al.. 1994) B354 INO 40ppm | 8124 baseline 8627 iNO 40ppm | 2026 baseline
8324 INO S0ppm £0=7 INO S0ppm
{(Lepore et al.. 8343 INOO2 82+4 air baseline 777 INO+O2 81=7 air baseline
2003) 5244 §0=7
INO+O2+DIPY NO+0O2+DIPY
{Radovancevic et T1.6=10.9 70.2£14.7 baseline | N/S NS
al.. 200%)
(Argenriano etal., |77=4 Tl=6 1IN0 group N/S N5
1998) baseline

Table 103: INOT22: Vital signs - HR change from baseline by treatment (ITT)

Treatment
Heart rate (bpm) NO Plus Oy O, NO
(N=124) (IN=121) (N=120)

Baseline (room air)
Mean 105.8 105.7 106.6
SD 28.84 30.33 30.72
Median 104.5 102.0 103.5
Minimum 51.0, 168.0 39.0.168.0 51.0.180.0
Maximum

Post treatment
Mean 104.1 102.8 105.9
SD 33.02 30.76 3.1.57
Median 97.5 97.0 100.0
Minimum 45.0.192.0 53.0.165.0 46.0,179.0
Maximum

Change from baseline
Mean -1.7 -2.8 -0.8
SD 13.69 11.35 9.47
Median -3.0 -3.0 0.0
Minimum -38.0/41.0 -33.0/38.0 -36.0/28.0
Maximum

p-value (t-test) 0.173 0.007 0.382
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Table 104: INOT22: Vital signs - SAP change from baseline by treatment (ITT)

Treatment
SAP (mm Hg) NO Plus Oy Oy NO
(N=124) ®=121) (N=120)

Baseline (room air)
Mean 854 85.7 86.7
sD 15.03 15.24 15.17
Median 85.0 85.0 85.5
Minimum 51.0/132.0 51.0/132.0 51.0/126.0
Maximum

Post treatment
Mean 874 87.5 86.1
sD 16.63 17.17 16.90
Median 87.0 88.0 84.0
Minimum 45.0,136.0 48.0,130.0 32.0.134.0
Maximum

Change from baseline
Mean 2.0 1.8 -0.6
SD 11.42 10.56 8.19
Median 1.0 2.0 1.0
Minimum -36.0/49.0 -32.0/43.0 =25.0/17.0
Maximum

p-value (t-test) 0.057 0.068 0.430

8.8. Post-marketing experience

There is extensive post-marketing experience with iNO, which has been approved for use in
PPNH for many years and also used off-label for treatment of pulmonary hypertension in the
setting of cardiac surgery, in both children and adults.

The sponsor summarised post-marketing exposure as follows:
o US; 497,458 patients

e (Canada; 17,150 patients

e South America; 3,632 patients

e EU; 44,821 patients

e Australia; 4,821 patients.

Overall, the sponsor estimates that total number of exposed patients from marketing experience
since 1999 is 603,449.

Since the original Australian approval on 16 November 2007, seven Periodic Safety Update
Reports (PSURs) have been submitted. In the first two PSURs, no new safety signals were
identified. In the third, the sponsor noted that iNO may exacerbate cardiac failure or cause
pulmonary oedema in patients who have pre-existing left ventricular dysfunction, as reported in
Study INOT22. In the fourth PSUR, no new safety signals were identified.

The most recent three PSURs were summarised by the sponsor in the Summary of Clinical
Safety. The PSURs covering the periods ending on Dec 2011 and Dec 2012 identified no new
safety signals. The sponsor’s summary of the most recent PSUR, covering the period ending Dec
2013, is reproduced below. The only new safety was retinopathy of prematurity (ROP), which
was raised as a potential complication of iNO therapy in an investigator led study, subsequently
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described in a paper by van Sorge (2014). The authors performed a retrospective logistic
regression study, looking for factors predisposing to ROP, and identified use of iNO as a
potential risk factor (iNO; OR 2.6,95% CI 1.1 to 6.2, P = 0.03). This approach is highly
susceptible to confounding, because use of iNO was not randomised and subjects receiving iNO
are likely to have been less well than subjects who did not receive iNO. A subsequent review of
the Global Safety Database found only two reports of ROP and no evidence of an increased risk
of ROP, so the sponsor rejected the claim that iNO increases the risk of ROP.

PSUR for INOmax (nitric oxide) for Inhalation, 24 December 2012 to 23 December 2013

In the current 1-year reporting period, 145 patients were enrolled in Ikaria sponsored
clinical studies, and 265 subjects were enrolled in Investigator sponsored studies. It is
estimated that a total of 603,449 patients worldwide have been treated with INOmax
from international birth date (IBD) to 23 Dec 2013. During the review period, the RSI
was modified in order to provide a more accurate description of the safety profile of
INOmax. No signals were ongoing from the prior PSUR. One new signal, retinopathy of
prematurity (ROP), was closed and refuted on the basis of equivalent incidence for
INOmax and placebo in prospective, randomized, placebo controlled clinical trials, and
rare post-marketing reports (2 over approximately15 years of real world use).

On balance, the on-going safety monitoring of iNO in the post-marketing setting has not
detected any substantial new safety issues, though the PD study INOT22 confirmed other
reports that there is an increased rate of pulmonary oedema in subjects with left ventricular
dysfunction when they are exposed to iNO.

A full listing of all SAEs in the safety database, including those reported in clinical trials as well
as post-marketing reports, were provided.

8.9. Safety issues with the potential for major regulatory impact
8.9.1. Liver toxicity

There is no evidence that iNO induces liver toxicity, but this issue was not directly addressed in
any of the submitted studies. The original CER did not identify hepatotoxicity as a significant
concern. The rapid binding of iNO to haemoglobin and its very short half-life (a few seconds at
most) means that its effects are almost entirely limited to the lungs.

8.9.2. Haematological toxicity

As discussed, there is a theoretical basis for suspecting increased bleeding risk with iNO, and
animal studies have suggested an increased risk of bleeding, but this has not emerged as a
significant problem in the current submitted studies or in post-marketing surveillance.

8.9.3. Serious skin reactions
There are no reports of an increased risk of serious skin reactions with iNO.
8.9.4. Cardiovascular safety

As avasodilator, inhaled nitric oxide has profound effects on the circulation, which underlie its
efficacy in the treatment of pulmonary hypertension, but the effects appear to be beneficial in
most cases. The efficacy and PD studies suggest that, compared to intravenous vasodilators, iNO
is relatively pulmonary selective and therefore carries less risk of inducing systemic
vasodilation and hypotension.

Three significant cardiovascular risks have been identified with iNO, which have already been
discussed in this report, and which are acknowledged by the sponsor.

Firstly, abrupt cessation of iNO can cause rebound cardiovascular effects including pulmonary
hypertension, bradycardia, and circulatory collapse. This represents a very serious safety issue,
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with potentially fatal consequences, but it is a manageable risk that is offset by the
cardiovascular benefits that that are associated with iNO use, such as reduced risk of pulmonary
hypertensive crises, reductions in right heart strain and improvements in ventilation-perfusion
matching. Inhaled NO must be used in a monitored environment by intensivists or anaesthetists
trained in its use, and the proposed PI and risk management plan (RMP) both clearly highlight
the need to withdraw iNO slowly.

Secondly, by virtue of its pulmonary vasodilating effects, iNO can increase flow of blood through
the lungs to the left atrium, increasing left atrial filling and left ventricular preload. In a patient
with pre-existing left ventricular dysfunction, this could increase the risk of pulmonary oedema.
Consistent with this, an excess of AEs was noted in subjects with elevated PCWP in the sponsor
led study INOT22 (see Section 8.6). This effect has been noted by investigators in the literature,
and it is already mentioned in the PL

Thirdly, by lowering pulmonary vascular resistance, iNO could change the relative pressures
between the left and right sides of the heart, modifying shunt flow. Although these effects would
be expected to be favourable in most cases, some subjects with complex cardiac malformations
and atypical cardiac physiology could be relying on shunt flows and they could experience a
worsening of haemodynamics in response to iNO. The PI carries a warning to this effect, under
“Contraindications”, where it lists “Neonates known to be dependent on right to left or significant
left to right shunting of blood.” This warning is appropriate, even though it does not define what
constitutes “dependence” on a shunt. Deciding on the correct management of such cases is likely
to be an extremely difficult and highly specialised process, and individual clinicians involved in
the care of such neonates will be in the best position to judge the suitability of iNO.

8.9.5. Unwanted immunological events

There was no evidence in the submitted studies of any unwanted immunological events.

8.10. Other safety issues
8.10.1. Safety in special populations

The safety of iNO in subjects in the age range 12 to 17 is only poorly characterised, because
most paediatric cardiac surgery is performed sooner than this, and teenagers are generally too
young to require surgery for typical adult conditions such as coronary artery disease or
degenerative valve disease. Nonetheless, there is extensive experience in subjects younger and
older than this age bracket, and there is no reason to suspect that the 12 to 17 year age group
poses substantial new risks.

Because NO is rapidly absorbed in the lung and rapidly combines with Hb, with no hepatic
metabolism, there is no reason to suspect that it poses substantially different risks in the setting
of hepatic impairment. The most common metabolite of NO is nitrate, which is cleared by the
kidneys. The nitrate is produced at low levels and poses no particular safety issues in subjects
with renal impairment.

As already discussed, subjects with pre-existing left ventricular dysfunction and subjects
dependent on intra-cardiac shunts may have adverse haemodynamic responses to iNO, and iNO
should be avoided, or used with extreme caution in such patients.

Subjects with predisposition to methaemoglobinaemia (such as those with certain genetic
deficiencies) should only use iNO if the perceived benefits outweigh the risk, and they should be
carefully monitored for metHb levels.

8.10.2. Safety related to drug-drug interactions and other interactions

Two important categories of drug interactions pose significant safety risks with iNO.
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Firstly, when used in combination with other vasodilators, iNO is likely to produce additive or
synergistic vasodilation, which could have adverse haemodynamic consequences. This risk is
lessened by the fact that iNO is relatively selective for the pulmonary vasculature. Given that
iNO will be used in an intensive care setting with close haemodynamic monitoring, this is a
manageable risk. The proposed PI does not list this as a risk under “Drug Interactions”, but this
seems reasonable given that it is an obvious and predictable interaction.

Secondly, iNO combines with Hb to produce metHb, so it will increase the risk of significant
methaemoglobinaemia if used in conjunction with other drugs that encourage formation of
metHb. Such drugs include other nitrogen-based compounds (sodium nitroprusside,
nitroglycerin) as well as many local anaesthetic agents, such as prilocaine, and also
sulfonamides. The proposed PI appropriately raises this as a concern under “Drug Interactions”.
This should also be a feature of post-marketing education programs.

8.11. Evaluator’s overall conclusions on clinical safety

The use of iNO poses a number of significant but manageable safety concerns, which are
acceptable in the context of a drug used in intensive care to treat and to prevent life-threatening
pulmonary hypertension in relation to cardiac surgery.

Levels of toxic nitric oxide by-products, including metHb and NO_, need to be monitored in all
recipients of iNO, but levels are expected to be within acceptable limits when the dose is kept
< 20 ppm. The proposed indication does not increase the risk of methaemoglobinaemia or
elevated NO; compared to the existing indication. Occupational exposure to NO in medical and
nursing staff is expected to be minimal.

The risk of methaemoglobinaemia can be increased by co-administration of iNO and other
drugs, particularly NO donors such as nitroprusside, and some local anaesthetic agents. The PI
carries warnings about this potential interaction, and monitoring for metHb would be expected
to provide additional safeguards in the vent of inadvertent co-treatment with agents at risk of
causing methaemoglobinaemia.

Inhaled nitric oxide causes pulmonary vasodilation, and this can have adverse consequences in
patients with pre-existing left ventricular failure, or in infants relying on a particular level of
cardiac shunting that could be modified by lowering resistance in the pulmonary vascular bed.
This risk is intrinsic to the primary pharmacodynamic mode of action of iNO, and would be
expected with any selective pulmonary vasodilator. The proposed PI carries adequate warnings
about these risks, and the onus will be on clinicians to use iNO in appropriately targeted
patients, and to monitor for adverse haemodynamic effects.

Abrupt withdrawal of iNO can produce rebound pulmonary hypertension. This effect was not
well demonstrated in the submitted studies, because clinicians specifically avoided abrupt
withdrawal, but weaning times were noted to be significantly longer in the main pivotal efficacy
study.

Because it is a vasodilator, iNO would be expected to have synergistic effects when combined
with other vasodilators. This is not likely to be a more significant issue with iNO than other
agents used to treat pulmonary hypertension, and the onus will be on clinicians to use sensible
combinations of agents and to monitor for hypotension or other adverse haemodynamic effects.
The PI carries appropriate warnings about this.

The submitted studies, including supportive studies in adults, only provided limited evidence
about the incidence of AEs and SAEs on iNO in relation to placebo, but there does not appear to
be a significantly increased risk of adverse outcomes. No study has been adequately powered to
demonstrate the effects of iNO on mortality rate, but mortality in the submitted studies did not
appear to be increased with iNO. Of the deaths reported in the submitted studies, no concerning
patterns emerged to suggest significant safety concerns with iNO. Instead, the efficacy data
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revealed a significant reduction in the incidence of PHTCs in children undergoing cardiac
surgery (Miller et al, 2000), so there may be mortality benefits associated with the use of iNO,
particularly in subjects at high risk of pulmonary hypertensive crises (PHTCs).

Theoretical considerations raise the possibility of increased bleeding with iNO, but this did not
emerge as a significant issue in the submitted studies. The PI already carries appropriate
warnings about this.

Extensive post-marketing experience with iNO has not significantly modified the safety profile
of iNO since it was first registered. The published and post-marketing experience with iNO
shows broadly similar safety across several different age groups, ranging from near-term or full-
term neonates to elderly adults. There is relatively little experience with teenage patients, but
the extensive experience in younger and older patients allows a reasonable interpolation of the
safety profile to this age group.

Overall, the safety of iNO is acceptable, but it will need to be used by staff who have been trained
in its use and who are familiar with its potential problems, and adequate monitoring will need
to be in place. This is already the case for the existing indication, and the proposed indication
does not raise substantial new safety concerns.

9. First round benefit-risk assessment

9.1. First round assessment of benefits

In the context of paediatric cardiac surgery, iNO significantly reduces pulmonary hypertension
with subsequent improvements in right ventricular function, and it has been shown to prevent a
significant proportion of pulmonary hypertensive crises. This would be expected to produce
mortality benefits, but the design of the major efficacy studies included rescue therapy with iNO,
limiting the ability of the studies to show a mortality benefit.

Because iNO is selective for the pulmonary vasculature, these haemodynamic gains can be
achieved without causing systemic hypotension, as has been demonstrated in several efficacy
and pharmacodynamic studies. By contrast, intravenous vasodilators often produced clinically
significant systemic vasodilation and systemic hypotension. This partly reflects the different
routes of administration, and other pulmonary vasodilators could offer similar benefits over
intravenous agents, though none is currently registered for this indication.

Inhaled NO can also significantly improve oxygenation, presumably through improved
ventilation perfusion matching.

When used pre-operatively, as part of vasoreactivity testing, iNO can identify surgical
candidates with reversible pulmonary hypertension who might otherwise be considered
ineligible for surgery.

9.2. First round assessment of risks
Inhaled NO carries a number of acknowledged and manageable risks.

Of the risks identified in the submitted studies, the following are considered the most
important:

e risk of NO by-products; manageable through dose restriction and monitoring for NO, and
metHb;

o risk of adverse haemodynamic effects; manageable through patient selection and
monitoring (in particular avoiding use of iNO in subjects with elevated left atrial pressure,
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or subjects relying on right-to-left shunting, and monitoring subjects for systemic
hypotensive responses or adverse modifications of shunt haemodynamics);

o risk during pregnancy; treatment during pregnancy should be avoided because of a
complete lack of information about the safety of iNO in this setting. This situation is
expected to arise relatively rarely in the paediatric setting, particularly because surgery for
congenital heart disease is usually performed in the first few years of life, teenagers were
not commonly treated in the paediatric studies, and severe cardiac disease is likely to lower
fertility. Girls of child bearing age should be screened for pregnancy as part of the cardiac
surgical work-up, and decisions would need to be made about the appropriateness of
continuing the pregnancy and the timing of surgery.

The risks listed below are acknowledged by the sponsor in their RMP.
Table 105: Summary of safety concerns identified in RMP

Safety concerns

Important identified risks Methaemoglinaemia

Risk of acute cardiac failure with circulatory collapse in
certain patient populations and

Risk of heart failure or pulmonary oedema in certain
patient populations

Rebound reactions (pulmonary hypertension) with
abrupt withdrawal

Important potential risks NO2 formation

Increased bleeding time

Critical failure of the delivery system

Missing information Combined use with other vasodilators

Use during pregnancy and lactation

Paediatric use < 34 GA for PPHN, and patients 12 to 17
years treated for pulmonary hypertension in
conjunction with heart surgery

Overall, the risks associated with iNO are adequately acknowledged in the PI and can be limited
by the use of trained staff and appropriate monitoring.

9.3. Firstround assessment of benefit-risk balance

The benefit-risk balance of iNO in the proposed indication is favourable, because the risks that
have been identified are manageable, the drug has proven efficacy in preventing or ameliorating
life-threatening pulmonary hypertension, and no other standard agents are registered for this
indication.

There is a general lack of efficacy and safety data in the age range 12 to 17 years, but the data in
younger children and older adults show consistent effects, and there is no reason to expect that
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the benefit-risk balance is substantially different in teenagers compared to younger and older
patients. Because congenital cardiac defects are usually corrected before the age of 12, and
acquired cardiac diseases often appear in older adults, this intermediate age group is under-
represented in the clinical studies, and evidence in this group is likely to remain relatively
limited. The potential hazard of approving iNO prior to obtaining an extensive database in this
age group must be balanced against the potential hazard of denying such subjects a treatment
that works in younger and older subjects, and for which there is no currently registered
alternative therapy.

To optimise the benefit-risk balance, care will need to be taken to ensure appropriate patient
selection and ongoing vigilance in terms of monitoring during iNO use. Inhaled NO will need to
be administered by staff specifically trained in its use.

10. First round recommendation regarding authorisation

Inhaled nitric oxide (INOmax) should be approved for the proposed indication, following
revision of the PI.

11. Clinical questions

As already discussed, the investigator led studies were not always clearly described in terms of
their primary endpoints, blinding techniques, and safety monitoring. By contrast, the sponsor
led studies had clear prospective endpoints and comprehensive safety monitoring.

It is acknowledged that, in the setting of a literature-based submission, it may be difficult for the
sponsor to provide full information on studies that they did not initiate or supervise.
Nonetheless, the following clinical questions represent substantial unresolved issues arising
from the submission.

11.1. General questions

1. To what extent does the pulmonary selectivity of iNO reflect the proposed route of
administration, rather than an intrinsic pharmacodynamic property of the drug?

2. What effects does iNO have on the immune system and are these effects likely to be
clinically relevant?

11.2. Questions related to specific studies

3.  Why did the pivotal study by Miller et al (2000) only recruit 124 patients after sample size
estimations suggested that 136 subjects would be need to reach an adequate statistical
power?

4. Does the sponsor agree that, amongst time-based endpoints in the pivotal study by Miller et
al (2000), they have misinterpreted the study by treating the time to meeting extubation
criteria and the time to meeting weaning criteria as two different endpoints when they
were actually the same endpoint?

5.  What statistical test was used to generate the p-value of 0.008 in the study by Russell et al
(1998), as cited in the abstract? “Of the patients, 36% (n = 13) emerged from bypass with
MPAP > 50% MSAP. In these patients, inhaled NO reduced MPAP by 19% (P = 0.008) versus an
increase of 9% in the placebo group.” How does this p-value relate to the different p-value of
0.0016 shown for the 20 min time-point in the authors’ table, reproduced below?
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Table 106: Percent change in post-bypass MPAP (MPAP > 50%MSAP)

Py t cl f MPAP H
MPAP postbypass MPAP as percent i A ok (mm Hg)

Patient Agent (mm Hg) of MSAP 1 min 10 min 20 min Gas OFF

NO 26 59 -13 -15 —-35 -19

NO 24 53 -8 -10 -8 =13

NO 33 30 -8 -9 —15 -12

NO 28 68 =21 -18 =29 =13

L NO 32 63 -6 0 -9 2
Mean * sp 29+ 4 65 = 10 -11*46 ~-N=7 -15£12 -11=x=8

Median 28 63 =8 -10 =15 -13

P value 0.013 0.14 0.0016 0.010

N, 21 64 -12 =] 2 2

N, 25 82 8 0 16 8

N 53 98 25 43 45 51

N. 24 59 —6 2 0 2

N, 29 78 2 -21 9 -5

M, 21 66 29 3 10 17

N, 32 93 9 0 -3 13

L] N. 30 59 -3 -10 -7 -3
Mean = sp 29 =10 /x5 6 * 14 5x21 9x16 11 £ 18

Median 27 72 5 0 6 5

Pold manbers indicate potients who had pulmonary hypertension in the intensive care unit,
MSAF = mean systolic artery pressure.

6. Russell et al (2000) performed a subgroup analysis in which they assessed efficacy in 13
subjects who emerged from bypass with MPAP > 50% MSAP, and the significant efficacy
results cited in the abstract were confined to this subgroup. Was this analysis and the
precise definition of the subgroup declared prospectively, or was the analysis performed
post hoc in response to the results?

What was the statistical power of the study performed by Kirbas et al (2012)?

8. What were the between group differences demonstrated by Fattouch et al (2005)? What
did the ANOVA demonstrate?

9. What drugs at what doses were administered in the study described by Fattouch et al
(2006)?

Several authoritative bodies have endorsed the off-label use of iNO for the proposed indication,
so additional expert input is not required.

12. Second round evaluation of clinical data submitted in
response to questions

12.1. General questions

1. To what extent does the pulmonary selectivity of iNO reflect the proposed route of
administration, rather than an intrinsic pharmacodynamic property of the drug?

The sponsor responded (emphasis added):

“Animal and human studies have demonstrated that nitric oxide causes selective pulmonary
vasodilatation, lowering PAP and pulmonary vascular resistance (PVR). Once inhaled, gaseous NO
easily diffuses through the air-blood barrier into the pulmonary circulation and into vascular
smooth muscle cells, increasing intracellular concentrations of cyclic Guanylate Monophosphate
(cGMP) and promoting vasodilatation.

Once combined with haemoglobin in blood (RBC) inhaled nitric oxide is rapidly metabolized hence
preventing the systemic vasodilatation, thus supporting current understanding that pulmonary
selectivity of inhaled nitric oxide is dependent on route of administration. Hence, while it is likely

Attachment 2 - INOmax - Nitric oxide - Ikaria Australia Pty Ltd - PM-2014-01399-1-3 Extract from Page 211 of 228
the Clinical Evaluation Report Final 15 May 2017



Therapeutic Goods Administration

that pulmonary selectivity of iNO is primarily driven by mode of inhalation [sic; The sponsor
means ‘administration’ | that is, inhalation, to date there are no human studies comparing
relative selectivity of inhaled nitric oxide with NO donor compound, or other modes of
administration in the same study.”

This is an acceptable response, consistent with the evaluator’s interpretation of the submitted
studies. Inhaled NO is a useful agent to prevent or treat pulmonary hypertension in the setting
of cardiac surgery, offering relative pulmonary selectivity in comparison to systemic
intravenous vasodilators. As the sponsor concedes above, this selectivity is primarily likely to
reflect the inhalational mode of administration, rather than resulting specifically from a greater
NO sensitivity of the pulmonary vasculature than the systemic vasculature. The extremely rapid
metabolism of NO assists in targeting the pulmonary vessels.

Because the selectivity arises largely from the mode of administration, other agents may
eventually offer similar pulmonary selectivity if they are administered by the same inhalational
route, and the proposed benefits for iNO may be less important in clinical practice when other
inhalational vasodilators are available. Indeed, some of the studies reviewed here have already
suggested that various inhaled agents have similar efficacy to iNO, even though such agents are
not yet registered for this indication. For instance, Kirbas et al 2012 compared iNO and
aerosolised iloprost, showing no difference in efficacy.

In terms of the regulatory decision to approve INOmax, this is not an important consideration,
but it was appropriate to clarify this issue, for two reasons. Firstly, the sponsor should describe
the evidence accurately in all future promotion of the drug; they should avoid implications that
the compound itself is highly selective for the pulmonary vasculature. Secondly, the benefits
demonstrated for INOmax in many of the submitted studies were benefits relative to
intravenous vasodilators; these benefits may become less relevant in the future if other
inhalational agents are approved. It is therefore appropriate to limit the claims made for
INOmax now so that clinicians and regulatory authorities assessing the relative merits of those
future agents are not given the false impression that INOmax is more selective than it is.

Comment: Advertising and other promotional materials for INOmax will therefore need to
avoid claims that the drug itself offers unique pulmonary selectivity. The proposed
PI was acceptable in this regard.

2. What effects does iNO have on the immune system and are these effects likely to be clinically
relevant?

This question was asked because some authors in the submitted studies noted that the effects of
iNO on the immune system were unknown. For instance, Ardehali et al, 2001, raised the
following safety concern: “The immunological properties of NO are incompletely understood. Low-
level NO production appears to be necessary for maximal proliferation of lymphocytes.
Furthermore, expression of inducible NO synthetase has been linked with acute solid organ
rejection. On the other hand, activation of inducible NO synthetase is associated with a reduction in
lymphocyte proliferation and inhibition of the expression of class Il major histocompatibility
complex. Further research in this area is needed to better elucidate the immunomodulating
properties of inhaled NO in thoracic transplantation.”

The sponsor has responded as follows:

“Potential effects of iNO on the immune system can be derived from the chronic toxicity
and carcinogenicity GLP study in rats (Study N005243) and the non-GLP safety and
efficacy study in sheep (Study ABRAB1) with iNO. In both studies, no signals on the inmune
system were detected as evidenced by the absence of immune related haematological
changes, alterations in immune system organ weights and/or histology, changes in serum
globulins, increased incidence of infections, and an increased occurrence of tumours. In the
2 year rat study, a standard panel of haematology and clinical chemistry parameters were
evaluated at 6 and 18 months of exposure, whereas in the 6-month sheep study, these
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parameters were evaluated on a monthly basis. In addition, no test article-related changes
were noted in the inflammatory markers as measured in bronchoalveolar lavage (tissue
kallikrein, myeloperoxide, alpha-1-protease inhibitor, and elastase) in the 6 month sheep
study.

The absence of signals on the immune system in the nonclinical studies is in line with
results in patients. Inhaled nitric oxide has been administered globally over more than two
decades in hundreds of thousands of paediatrics and adults and has no known effects on
immunocompetence / immunosuppression. In recent years, inhaled nitric oxide has been
administered peri-operatively in transplant patients; no adverse effects to immune system
have been reported to date.”

The evaluator agrees that the submitted clinical safety data showed no concerning signals
suggesting an increased risk of infection in iNO recipients. It should be noted, however, that
such a signal could be very difficult to detect given the nature of the submitted studies: adverse
event collection was often informal or incomplete, and the studies were small and lacked the
statistical power needed to detect an increased rate of infection. Although thousands of subjects
have been exposed to iNO over the last couple of decades in the non-trial context, those subjects
have primarily received the drug in an intensive care setting where the risk of infection is
already high (because of invasive treatments, the requirement for artificial ventilation, and so
on) and there was no control group with which to compare the incidence of adverse events.
Infections in this context would generally be attributed to factors other than iNO, and even if
iNO increased the incidence of such infections, this would not be apparent without a careful
statistical analysis of subjects with and without iNO exposure. Such evidence is simply
unavailable.

The lack of safety signals on this issue is, therefore, only partially reassuring. It seems unlikely
that iNO has a major effect on immunocompetence, but a small effect cannot be excluded.

The sponsor made further comments on this issue in relation to the RMP, following a suggestion
in the First Round Clinical Evaluation Report that immunological effects be listed as a “potential
risk” in the RMP.

The sponsor provides the following justification for not listing any interaction with the immune
system in the RMP as an additional safety concern:

a. The referenced literature (Ardehali et al, 2001) by the TGA’s clinical evaluator suggests
inconclusive and/or contradictory effect of NO on immune system.

b. Nonclinical studies have not shown potential effects of iNO on the immune system
based on the chronic toxicity and carcinogenicity GLP study in rats (Study N005243)
and the non-GLP safety and efficacy study in sheep (Study ABRAB1) with iNO. In both
studies, no signals on the immune system were detected as evidenced by the absence
of immune-related haematological changes, alterations in immune system organ
weights and/or histology, changes in serum globulins, increased incidence of
infections, and an increased occurrence of tumours. In the 2 year rat study, a standard
panel of haematology and clinical chemistry parameters were evaluated at 6 and 18
months of exposure, whereas in the 6 month sheep study, these parameters were
evaluated on a monthly basis. In addition, no test article-related changes were noted in
inflammatory markers as measured in bronchoalveolar lavage (tissue kallikrein,
myeloperoxide, alpha-1- protease inhibitor, and elastase) in the 6 month sheep study.

c. The absence of signals on the immune system in the nonclinical studies is in line with
results in patients. In the prospectively designed, double blind and placebo controlled
studies, such as CINRGI and NINOS, supporting initial Hypoxic Respiratory Failure
indication registration, evaluation of incidence of infections was conducted. The
suspected sepsis cases in CINRGI study were 59 out of 89 (66.3%) in placebo treated
arm and 54 out of 97 (55.7%) in iNO treated arm (CINRGI CSR Table 68). The
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suspected sepsis/infection as cause of death in NINOS study was 4 out of 20 (20%) in
placebo treated arm and 1 out of 16 (6%) in iNO treated arm (NINOS CSR Table 33).

d. Inhaled nitric oxide has administered globally over more than two decades in
hundreds of thousands of paediatrics and adults and has no known effects on
immunocompetence / immunosuppression. In recent years, inhaled nitric oxide has
been administered peri-operatively in transplant patients; no adverse effects on the
immune system have been reported to date.

e. The clinical study results and post marketing safety data stated in c and d above are
consistent with the TGA clinical evaluator assessment, “No direct evidence of such an
interaction was identified, and subjects did not appear to have an increased risk of
infection, but the database is insufficient to draw strong conclusions”. This should be
listed in the RMP as an additional safety concern, albeit one for which there is no
evidence.

f.  Based on the definition of risk (Ref. EMA/838713/2012: Guideline on good
pharmacovigilance practices. Module V—Risk management systems), the unknown
effect of iNO on immune system does not qualify as a “potential risk”. Therefore, the
sponsor does not agree that effect of iNO on immune system should be listed as a
potential risk.

These comments appear reasonable on the whole, but the clinical evaluator still believes it
would be appropriate to mention the issue in the RMP, with appropriate caveats based on the
sponsor’s statements above. The sponsor should not be required to describe this issue as a
“potential risk” in the sense of a definite risk for which there is good positive evidence, but
completely omitting the issue from the RMP could imply complete confidence in the
immunological safety of iNO, which is not appropriate given the paucity of clinical data
addressing this issue. The clinical studies cited above (CINGRI and NINOS) were not part of the
current submission, but the passages above indicate that the patient groups were relatively
small. Also, if iNO is an effective treatment for Hypoxic Respiratory Failure in the Newborn
(HRFN), as claimed, then it might reduce infective complications of respiratory failure in this
patient group (such as ventilation associated pneumonia) by improving respiratory function,
despite having some immunosuppressive actions; this would not be detected in a simple
accounting of the number of infections in each treatment arm. Although the cited results suggest
that, on balance, the infection rates were improved or unchanged with iNO in those studies of
HRFN, relative to placebo, the balance could be different for other indications, such as
prevention or treatment of pulmonary hypertension after cardiac surgery. In future, when other
inhaled treatments for pulmonary hypertension are registered, it might be possible to resolve
this issue more completely.

Overall, given the life-threatening nature of pulmonary hypertension in the context of cardiac
surgery, the demonstrated benefits of iNO outweigh what is, at present, a purely theoretical
concern about possible deleterious immune changes. As Ardehali suggests, further research on
the issue would be appropriate.

An assessment of the animal studies that are mentioned above is beyond the scope of this
clinical evaluation, but the Pre-clinical Evaluation should be consulted on this issue.

Comment: In conclusion, the sponsor’s response on this issue was acceptable, and this
theoretical safety concern should not be a barrier to registration, provided the
nonclinical evaluator agrees with the sponsor’s assessment of the animal data. It
would nonetheless be appropriate to continue to monitor this issue in post-
marketing surveillance programs, and to mention the issue in the RMP. Such a
mention would not have to describe the risk in strong terms, and the sponsor would
be justified in stating that there is no positive clinical evidence of risk. They would
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not be justified in stating that there is sufficient clinical data to dismiss this
theoretical risk.

12.2. Questions related to specific studies

3. Why did the pivotal study by Miller et al (2000) only recruit 124 patients after sample size
estimations suggested that 136 subjects would be need to reach an adequate statistical
power?

The sponsor has explained this discrepancy as follows:

“The principal investigator, Dr Miller has advised that the power calculation was performed on an
estimated clinical change. During recruitment, the independent data and safety monitoring
committee (NHMRC Clinical Trials Unit) reviewed all data for adverse outcomes. The monitoring
committee was also able to perform interim analyses without unblinding the study as the data
were kept securely offsite and the investigators were blind to the data.

Although the study had intended to recruit until the predetermined recruitment endpoint, various
factors led to an earlier analysis of results.

o The primary research fellow who had been intimately involved with the study was about to
return to Malaysia after a 3 year fellowship in Sydney.

e The principal investigator was about to relocate to London on sabbatical leave and for both
these reasons it was decided to do a blinded evaluation of the data, which led to the decision of
completion of the enrolment.

As it happened there was already a statistically significant difference at the lower number of
subjects than predicted due to the marked difference in the primary outcome variable (number of
Pulmonary Hypertensive Crises).”

In summary, the study was in part closed early for logistical reasons, related to the availability
of the key investigators. From the sponsor’s description, it appears that the data were evaluated
by a blinded committee, but the final decision to cease the study was not made in ignorance of
the outcome of that blinded analysis. In fact, the comments from Dr Miller state that the
evaluation of the data “led to the decision of completion of the enrolment”. It thus seems very
likely that the principal investigator was happy to cease the study because a significant result
had already been obtained. The implication is that, if the study had merely shown a favourable
trend at that point, further patients would have been recruited and logistical arrangements
would have been altered, prolonging the study in the hope of achieving significance with more
patients.

This is a significant methodological issue. The decision to terminate a study early because it has
achieved significance compromises the statistical purity of a study, because it gives the study
more than one chance to achieve a significant result. (Indeed, even a random walk of random
numbers can generate significance if one adopts a policy of waiting until the p-value crosses a
threshold of 0.05 and then calling a halt to the sequence.)

It is very difficult to judge how important this effect is, in a particular study. If each chance at
achieving significance were independent of each other chance, standard adjustments for
multiplicity could be applied, but instead the premature results are a subset of the results that
would have been obtained with a complete study, and the results at each stage therefore exhibit
correlation with each other.

The study was terminated after recruiting 124 subjects, which is 91% of the planned target of
136. This is a much less serious case of premature closure than if recruitment had been far short
of the target. The important question is how likely it was that 12 additional patients would have
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changed the final reported p-value to a non-significant result, had the study continued as
planned (under the assumption of the null hypothesis of no treatment effect).

The answer to this question is unknown, but it is at least plausible that the study outcome might
not have remained statistically significant. For the primary endpoint of number of PHTCs in this
study, the result was borderline (p = 0.045) when considered with the appropriate adjustment
for dispersion. The abstract states: “Compared with placebo, infants receiving inhaled nitric oxide
had fewer PHTC (median four [IQR 0 to 12] versus seven [1 to 19]; relative risk, unadjusted 0-66,

p < 0-001, adjusted for dispersion 0-65, p = 0-045)”. By another analysis method (Poisson
regression without adjustments for dispersion), the statistical result was stronger (p < 0.001),
but the adjusted p-value appears more reliable given the sparseness of the data. The p-value of
0.045 should therefore be considered the major statistical result of this study and, from a purist
perspective; it stands in need of adjustment for the non-random, results-driven decision to
terminate the study early. It is of some concern that neither the original authors of the paper
nor the sponsor have acknowledged this point.

The published literature dealing with the issues surrounding early termination of trials is
complex, but it has been suggested that inflation of the apparent treatment benefit is of more
concern when termination occurs early, before 50% of the planned data has been collected
(Freidlin and Korn, 2009). From this perspective, the early termination of Miller et al is of less
concern, and the required adjustment of the p-value is likely to be small. The problem is that the
p-value is already borderline. Even a minor adjustment of the p-value of 0.045 could be enough
to make p > 0.05, and hence render this study formally negative.

Despite this issue, the weight of evidence suggests that iNO has efficacy. The secondary
endpoints of Miller et al were positive, and the clinical endpoints in Miller et al were consistent
with several other studies using haemodynamic endpoints. It is also possible that the study
could have been terminated for the stated logistical reasons even if it had been negative; it is not
possible to guess, years after the study, the exact intent of the principal investigator when the
decision to terminate was made.

Comment: It could be argued that the submission should be rejected, on the basis of this
methodological flaw in the only study worthy of being considered pivotal, but, on
balance, the Clinical Evaluator feels that the overall weight of evidence is
favourable. Although there is no single study that unambiguously and rigorously
demonstrates a clear positive result for a well-defined, prospective endpoint,
without methodological concerns, the Miller study comes very close to achieving
this. Rather than being demonstrated in any single study, the efficacy of iNO is
apparent in the mutual consistency of multiple flawed investigator led studies,
including Miller’s study, and a couple of decades of experience with iNO, such that
the overall balance of the evidence comes down narrowly in favour of registration.
Nonetheless, in the interests of accuracy, this flaw should be mentioned in the
Product Information sheet.

4.  Does the sponsor agree that, amongst time-based endpoints in the pivotal study by Miller et al
(2000), they have misinterpreted the study by treating the time to meeting extubation criteria
and the time to meeting weaning criteria as two different endpoints when they were actually
the same endpoint?

The sponsor has provided two responses to this question. The first response was inadequate,
and showed continued confusion about the number and identity of time based endpoints in the
paper by Miller et al, as discussed below. When further explanations were provided, the sponsor
conceded that they had been confused and they confirmed this with the original author of the

paper.
The sponsor’s second response to this question reads as follows:
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The sponsor (lkaria, Australia) agrees with the clinical evaluator that “time to meet
weaning criteria” and “time to meet extubation criteria” are both referring to T in the
Figure (below [see Figure 15]), which was associated with a time difference of 32 hours
and a p-value of 0.019, and that Table 2 of the Summary of Clinical Efficacy and our
associated description for the figure was therefore misleading.

Given this, the following comments, which relate to the sponsor’s first response, are now largely
of academic interest, but they are included for completion.

In their initial response to this question, the sponsor appeared to misunderstand the basis of the
question, and did not return to the original paper to reassess whether “weaning criteria” and
“extubation criteria” could be the same thing or whether they could have confused the two
terms. Instead, their answer spelled out the difference between the time to meeting weaning
criteria (eligibility for weaning) and the time to “actual extubation”.

Dr Miller has advised that this study, although randomized, double blind and placebo
controlled, was carried out in a busy real life paediatric intensive care unit (PICU). The
reality of PICU life is that many uncontrollable factors will influence when a clinical task is
undertaken. For example, changing of medication infusions often will occur at times when
adequate numbers of staff are available for the necessary double checking of medications,
endotracheal suction may occur to coincide with physiotherapy visits, and importantly
extubation (where the endotracheal tube is removed from the airway) will routinely be
done when appropriately trained staff are present to re-intubate the patient should they
develop acute respiratory insufficiency. Typically extubation happens during daylight
hours when more senior staff are available.

In addition to these human factors, the period of time between reaching eligibility and
actual extubation needed a period of structured weaning form “study gas”.

Because of the potential for a pause in the weaning of study gas, the two endpoints had
potential to be different but given the observed similar time points of time to extubation
and actual weaning in both arms, there was no confounding effect observed on the end
point.

Note that the question does not mention the time to actual extubation, which was reported
unambiguously in the paper; nor does the question ask why extubation was delayed after
subjects became eligible. The reasons for this delay were clear in the original paper. The
questions asks whether the two expressions “time to meet criteria for extubation” and “time to
meet criteria for weaning” actually refer to a single endpoint, as one reading of the paper
suggests (and the author has since confirmed).

This question was raised because the study by Miller et al uses the expressions “extubation
criteria” and “weaning criteria” (and variations of those terms) without providing contrasting
definitions for each, and in some places the paper switches between the two terms without
appearing to treat them as different variables. Also, the paper does not ever report different
times or p-values for each of these expressions within the same paragraph.

In Miller et al, a figure was provided that showed numerical results for all of the important time-
based endpoints; this figure is reproduced below with its original legend.
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Figure 54: Hazard ratios (95% CI) for post-operative course with differences in median
times
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Hazard ratio
T_=time to criteria for weaning; T =time weaning; T =time on study gas;
T..=time to extubation; T_=time in intensive-care unit.

The following time based endpoints are included in the figure: T (time to criteria for weaning),
Tw (time weaning), T, (time on study gas), Tex: (time to extubation), Tic. (time in intensive care
unit). Note that the time to meeting “extubation criteria” is not among these displayed
endpoints, and is not listed in the original paper’s figure legend, but the sponsor’s description of
this figure in the sponsor’s Summary of Clinical Efficacy includes “time to meet criteria for
extubation” in place of “time to extubation” (but otherwise keeps the order of the endpoints
unchanged, making it clear that they thought Tey referred to time to meet criteria for
extubation):

“Figure 1 [the sponsor’s version of the same figure] below shows hazard ratios for time to
meet criteria for weaning, time for weaning, time on study gas, time to meet criteria for
extubation and time in intensive care unit.”

That is, in this context, the sponsor was prepared to treat “criteria for extubation” and “actual
extubation” as synonyms (and this probably accounts for their original response to this Clinical
Question: they thought the question referred to T and Tex, and was asking if these were the
same endpoint, which they are obviously not). Note that the sponsor’s interpretation of Tey as
time to meeting extubation criteria must be mistaken because the time difference cited for Tex
in the figure above (23 hours) does not match the time difference cited in the paper for “times
until criteria for extubation were met” (32 hours).

From the original paper’s abstract:

“Compared with placebo, infants receiving inhaled nitric oxide had fewer PHTC (median
four [IQR 0 to 12] versus seven [1 to 19]; relative risk, unadjusted 0-66, p < 0-001, adjusted
for dispersion 0-65, p = 0-045) and shorter times until criteria for extubation were met
(80 [38to 121] versus 112 h [63 to 164], p = 0-019).”

From the original paper’s Results section:

The median time to eligibility for extubation was shorter in the inhaled nitric oxide group
than in the placebo group (80 [38 to 121] versus 112 h [63 to 164]; p = 0-019)

The only time-based endpoint in the figure that does match the 32-hour difference in the Tey of
the paper is Te, which has been explicitly labelled in the figure legend as “time to criteria for
weaning”. The most likely explanation is that “time to criteria for weaning”, “time to weaning
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criteria”, “time to extubation criteria” and “ time to eligibility for extubation” are all different
terms for the same endpoint, Tc.. The only plausible reason for the sponsor to reject the original,
explicit label of Tex provided in the paper, and to replace it with “time to meet criteria for
extubation”, is that the sponsor did not realise that T, already covered this endpoint.

That the sponsor has interpreted time to weaning criteria and time to extubation criteria as two
endpoints was apparent in Table 2 of the Summary of Clinical Efficacy, where the sponsor
described two endpoints based on time to reach criteria, citing different statistical outcomes for
each: time to reach “criteria for extubation” (p = 0.019), and time to reach “criteria for weaning”
(p <0.05).

“Patients on iNO had:
Shorter time to meet criteria for extubation (p = 0.019)
Shorter time to meet criteria for weaning (estimated difference: 32 hrs, p < 0.05)”

The passages from the original paper in the abstract and results section, cited above, suggest
that the difference of 32 hours and the p-value of 0.019 both apply to the same endpoint. This is
also suggested by the authors’ figure, which does not show two separate criteria-based
endpoints, but instead includes a single criteria-based endpoint, Tc.. Another clue that the
sponsor’s interpretation was faulty is evident in their use of “p < 0.05” in the Tex: cited above,
instead of an explicit p-value; all p-values in the original text of Miller et al are cited with explicit
numerical values, and it appears likely the sponsor had to resort to the inequality (“p < 0.05”)
because they took the result from a figure, not from the text. In fact, no explicit p-value is
provided in Miller’s paper for “time to meet weaning criteria”; the best explanation for this
apparent omission is that this is not a different endpoint to “time to meet criteria for
extubation”.

Other reasons for favouring the evaluator’s interpretation have been mentioned previously, but
include the following comment in Miller et al: “Despite an increased weaning time, the total time
on study gas (that is, time to extubation criteria plus hours required for weaning) was also
significantly shortened...” In other words, total time on study gas = time to meet extubation
criteria + time spent weaning; Tg = T+Tw. For this to be true, weaning must have begun when
subjects reached “criteria for extubation”, implying that these were also the criteria for
commencing weaning.

The power calculations in the original paper also appear to switch from one usage to the other
mid-paragraph, as though “criteria for weaning” and “criteria for extubation” were the same
thing:

“For the effect of treatment on the time until the objective criteria for extubation were met,
previous experience suggested that the average time to extubation was about 6 days
(3-4).13 We required a 30% reduction (about 2 days) in the time to reach the criteria for
weaning. To detect these reductions with 80% power at a two sided significance of 0-05,
we needed to recruit 136 and 112 infants for these study endpoints, respectively.”

As noted previously, the sponsor’s assessment of this issue could have been further confused by
a typographical error that crept into much of their discussion, suggesting a spurious time
difference of 42 hours for this same endpoint, and preventing them from recognising this
endpoint as the one already reported in the abstract with a 32 hour difference.

From the original paper:

“Compared with placebo, infants receiving inhaled nitric oxide had fewer PHTC (median four [IQR
0 to 12] versus seven [1 to 19]; relative risk, unadjusted 0-66, p < 0-001, adjusted for dispersion
0-65, p = 0-045) and shorter times until criteria for extubation were met (80 [38 to 121] versus
112h [63 to 164], p = 0-019).”
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From the SCE:

“Also, infants randomised to NO had shorter time until criteria for extubation were met
(80 [38to 121] versus. 122 h [63 to 164]; p = 0-019).”

From the proposed PI:

Miller et al (2000) also documented favourable outcomes for inhaled nitric oxide (iNO)
patients on other secondary clinical endpoints such as shorter time until criteria for
extubation were met (80 [38 to 121] versus. 122 h [63 to 164], p = 0.019) and shorter
total time on study gas by 30 h for the nitric oxide group (87 [43 to 125] versus. 117 h [67
to 168], p = 0.023).

In conclusion, the sponsor’s original response to this question appears to have missed the point
of the question. Their response explained why Tey and T are not the same thing, which was not
atissue.

Comment: The sponsor has since conceded that their original interpretation of these results
was mistaken, and they have confirmed this with the author of the paper.
Ultimately, this does not affect the validity of the study, but care must be taken in
describing the results accurately.

This residual point of confusion does not affect the proposed PI, because the
disputed endpoint is not discussed in the PI.

5. What statistical test was used to generate the p-value of 0.008 in the study by Russell et al
(1998), as cited in the abstract? “Of the patients, 36% (n = 13) emerged from bypass with
MPAP > 50% MSAP. In these patients, inhaled NO reduced MPAP by 19% (P = 0.008) versus an
increase of 9% in the placebo group.” How does this p-value relate to the different p-value of
0.0016 shown for the 20 min time point in the authors’ table, reproduced below? (Table 106
above)

The sponsor writes:

“The p value of 0.008 is quoted in the abstract and study Tex is the significance of the
difference between iNO and placebo treatment on the % change in MPAP using the Mann-
Whitney U-test. It is possible that the p values quoted in Table 2 of the publication relate to
the significance of the % change in MPAP from baseline for the iNO-treated group,
although the 4 p-values quoted in Table 2 are not mentioned anywhere else in the
publication. Mention of the p value of 0.008 within the publication is not referenced to
Table 2. Dr Russell was not able to confirm this specific detail for this 1998 publication.”

The sponsor has conceded that this discrepancy is not covered by the paper and that the paper
does not explain the statistical test used to generate the p-values in this table. Even attempts to
clarify the issue with Dr Russell directly have not been able to clarify how the p-value of 0.0016
was determined and how it differs from the p-value cited in the Teyx (p = 0.008). It seems likely
that the p-value of 0.008 was generated by the Mann-Whitney U-test, as claimed, but the lack of
clarity surrounding the analysis is concerning.

Comment: If the method of analysis used in Table 2 is unknown, the table is of no value. If it is
assumed that the p-values of Table 2 represent changes within the iNO group,
without reference to the placebo group, the analysis potentially conflates changes
due to treatment with changes unrelated to treatment (such as spontaneous
recovery), and hence the analysis would be of little value anyway. Table 2 should
therefore be rejected, and the overall value and accuracy of the study should be
considered compromised. Given that this was only one of two studies marked as a
pivotal placebo controlled study, this weakens the overall submission.

6. Russell et al (2000) performed a subgroup analysis in which they assessed efficacy in 13
subjects who emerged from bypass with MPAP > 50% MSAP, and the significant efficacy
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results cited in the abstract were confined to this subgroup. Was this analysis and the precise
definition of the subgroup declared prospectively, or was the analysis performed post hoc in
response to the results?

The reason this is important is that statistical tests should involve the testing of hypotheses that
have not been cherry-picked to match the results. If the results are known first, and the
hypothesis is then tailored to match those results retrospectively, the chance of achieving
significance is artificially inflated, and significance can be obtained even in the absence of a true
treatment effect.

The sponsor writes:

“The author, Dr Russell, has confirmed in an email reply to the sponsor that the analysis of
outcomes by subgroup (MPAP > 50% MSAP post-surgery) was a predetermined study
outcome, although this is not specified in the publication.”

The sponsor has conceded that the publication does not specify that the main reported primary
analysis of this study was planned prospectively, and the sponsor has not provided any
documents produced at the time of the study that confirm the prospective nature of the analysis.
This is of substantial concern. Had the authors realised how important it is to specify endpoints
and analysis methods prospectively, they should have mentioned this in their paper. Their
failure to mention the issue suggests they did not consider it important. A mere assertion that
the subgroup analysis was “a predetermined outcome”, given 15 years later, by email, does not
carry much weight, particularly because the author is completely unable to account for the
statistical analysis discussed in the previous question, suggesting poor documentation and a
lack of overall clarity in the statistical analysis of this study.

Comment: While it is plausible (and indeed likely) that iNO is particularly effective in the
subgroup of post-operative patients with elevated MPAP, it is not certain that this
was formally tested as a prospective hypothesis by Russell et al. Overall, the study
by Russell et al was not documented with the rigor expected of a pivotal study and it
should be considered merely supportive of the sponsor’s overall claims of efficacy.
In the context of several other clinical and pharmaco-dynamic studies suggesting a
similar conclusion, this does not substantially detract from the overall weight of
evidence.

12.3. Unresolved clinical questions

For the following three questions, the sponsor reports that they were unable to obtain any
further information from the authors. These studies should therefore be considered to provide
only minimal support for the sponsor’s claims of efficacy.

7. What was the statistical power of the study performed by Kirbas et al (2012)?

8. What were the between group differences demonstrated by Fattouch et al (2005)? What did
the ANOVA demonstrate?

9. What drugs at what doses were administered in the study described by Fattouch et al (2006)?

In the case of Kirbas et al, 2012, iNO was compared to an active control, and no between group
differences were observed. Without a power analysis, it is not possible to infer whether the lack
of significance represents a similarity of efficacy or instead reflects poor statistical power.

In the case of Fattouch et al 2005, the failure to report the ANOVA results means the study
should be rejected.

In the case of Fattouch et al 2006, the failure to report the drugs being tested means the study
should be rejected.
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13. Second round benefit-risk assessment

The sponsor’s responses have clarified a number of important issues in relation to the studies
by Miller et al and Russell et al, revealing that both of these studies, flagged as pivotal by the
sponsor, contained methodological flaws. These flaws mean that the proposed benefits of iNO
are less statistically certain than they at first seemed, but there is no strong reason to suspect
that the overall benefit-risk balance is substantially different to that described in the first round
clinical evaluation report (FRCER). That is, estimations of the benefit-risk balance suggest a
similar overall balance, but the estimate is now surrounded by greater uncertainty.

In the case of Miller et al, the study was terminated early in response to an interim analysis
showing it had achieved statistical significance; this decision means that the study had multiple
potential ending times, multiple chances to achieve significance, and therefore stands in need of
adjustment for multiplicity. No such adjustment was performed, and the borderline nature of
the primary result (p = 0.045) raises the distinct possibility that the positive outcome of this
study would have been negated if such an adjustment had been performed. From a purist
perspective, the study should therefore be considered negative, unless the sponsor or the
original authors perform a formal statistical analysis showing that the p-value remains
significant after an appropriate adjustment.

The sponsor also conceded that they misinterpreted the secondary endpoints of Miller et al, but
this makes no difference to the benefit-risk balance because it was assumed in the first round
report that they were mistaken, and the FRCER adopted the correct interpretation.

In the case of Russell et al, the sponsor has passed on assurances from the original author that
this study’s subgroup analysis was planned prospectively. No documentation was provided to
back this up. This is a potential problem because positive results were only obtained in one
small subgroup, subjects with elevated MPAP post-surgery. Given that this subgroup would be
expected to be the main target group for iNO on the basis of other studies that have reached
similar conclusions, this methodological flaw does not substantially change the benefit-risk
balance, though it does suggest that the study lacked rigour. The original authors were also
unable to explain the p-values declared in a secondary analysis, adding to the concerns about
the rigour of this paper and suggesting it should be considered merely supportive. On balance,
given the large number of other papers reaching similar conclusions, this does not change the
benefit-risk balance.

The sponsor was unable to obtain information from the original authors in regard to three
minor papers, but these papers did not contribute much to the benefit-risk assessment anyway.

With respect to safety issues, the sponsor has provided arguments suggesting that the risk of
infection is not increased by iNO, and that the RMP does not need to mention theoretical
concerns about the potential effects of iNO on the immune system. The evaluator concedes that
there is no positive clinical evidence of an immunosuppressive effect, but nonetheless concludes
that the current clinical data is inadequate to address this risk. Some mention should be made of
this theoretical issue in the RMP.

In conclusion, the benefits and risks outlined in the FRCER appear unchanged by the new data,
and remain positive. The new data reveal that no individual pivotal study demonstrated the
efficacy of iNO with complete rigour, and, in particular, the response to clinical Question 3 raises
concerns that the main study by Miller et al should be considered negative, from a purist
statistical perspective. Despite this, the flaws in the individual studies are offset by the
following:

e Multiple studies across multiple institutions, using both clinical and haemodynamic
endpoints, have all been essentially concordant.

e The drug has been used off-label for a couple of decades for the proposed indication, with no
concerns being raised about lack of efficacy.
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e Experienced clinicians have been well-placed to observe its use directly in a closely
monitored intensive care setting, so the safety issues are largely known.

e Several expert bodies have supported its use after considering much the same evidence as
evaluated in this report.

Thus, despite the flaws of the individual submitted studies, the balance of evidence falls
narrowly in favour of registration.

14. Second round recommendation regarding
authorisation

The application to register iNO should be approved, following appropriate revision of the PI and
RMP.

The revisions to the PI should include those already recommended in the first round clinical
evaluation, which the sponsor has accepted.

A new statement should be added to the PI that acknowledges the early termination of the
pivotal study by Miller et al and the resulting uncertainty about the statistical significance of the
cited results.

The proposed wording of the extension of the indication is acceptable, and it is consistent with
the submitted evidence. It could be argued that a formal document should not contain the split
infinitive, “to selectively decrease”, but the current evaluator feels that split infintives have
become part of modern English, and no changes are suggested. Similarly, it could be argued that
“improve” is also part of an infinitive, and it should therefore be replaced by “to improve.”

“INOmax, in conjunction with ventilatory support and other appropriate agents, is indicated:

e for the treatment of term and near-term (> 34 weeks) neonates with hypoxic respiratory
failure associated with clinical or echocardiographic evidence of pulmonary hypertension, in
order to improve oxygenation and to reduce the need for extracorporeal membrane
oxygenation.

e as part of the treatment of peri- and post-operative pulmonary hypertension in newborn
infants, infants and toddlers, children and adolescents, ages 0-17 years in conjunction with
heart surgery, in order to selectively decrease pulmonary arterial pressure and improve right
ventricular function and oxygenation.”
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