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Abstract

Asthma is a common, heterogeneous condition where current treatment options are
limited to a ‘one size fits all’ approach. Biological therapies targeting specific
components of the Type 2 inflammatory pathway are emerging as potential
alternatives for those who are inadequately controlled on current treatment options.
Biomarkers, such as serum periostin, can be used in clinical settings to identify

potential responders to these treatments.

The aim of this research was to investigate the epidemiology of periostin and its ability

to predict important clinical outcomes in asthma.

Six studies were conducted: two cohort studies observing the change to periostin after
bone and dental injury in non-asthmatic adults; a cohort study investigating reference
ranges of periostin in Chinese adults with and without asthma; two longitudinal studies
measuring the change in periostin in asthmatic adults with stable and unstable disease;
and a longitudinal cohort study investigating the association between periostin and

risk of exacerbation.

There was a biphasic response of serum periostin after bone injury. This was
particularly marked after joint replacement surgery where periostin fell within 48
hours by a ratio of geometric means 0.80 (95% Cl 0.75 to 0.86) before rising to a

maximum level at eight weeks with a ratio of geometric means 1.89 (95% CI 1.77 to
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2.02). There was no significant change to periostin after simple or surgical tooth
extractions with a maximal ratio of geometric means of 1.02 (95% CI 0.95 to 1.10).
Serum periostin was higher in Chinese non-asthmatic adults versus Caucasian non-
asthmatic adults, mean periostin 57 ng/ml and 49.7 ng/ml respectively, difference
(95% Cl) 8.2 (5.8 to 10.6) ng/ml. Serum periostin remained stable in adults with well-
controlled asthma with an intra-class coefficient for variation of 0.93. In unstable
asthma, there was a decrease in serum periostin one week after the start of a severe
exacerbation and treatment with systemic corticosteroids, with a ratio of geometric
means 0.86 (95% Cl 0.82 to 0.92) before stabilising four weeks later. Finally, adults
with mild to moderate asthma with low baseline levels of periostin were more likely to
have a severe asthma exacerbation with a hazard ratio (95% Cl) 0.62 (0.35 to 1.09) per

0.693 ng/ml increase of log periostin.

In conclusion, serum periostin showed significant biphasic variation in response to
bone injury, the magnitude and duration of which was proportional to bone size.
Whilst this pattern was not replicated in adults undergoing dental surgery, it suggests
that serum periostin can be affected by non-asthma related conditions. Periostin
demonstrated higher mean values in Chinese adults than in Caucasian adults,
indicating ethnicity-specific reference ranges may be required if it were to become a
clinical biomarker. Intra-participant variability of serum periostin was low in a
homogenous group of well controlled, moderate to severe asthmatic adults, but there
was wide variability between individuals in this group suggesting that factors other
than asthma are likely to affect serum periostin levels. Serum periostin was

suppressed during and after treatment for a severe exacerbation for up to four weeks.
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This is likely due to the exacerbation and/or its treatment, suggesting the
interpretation of periostin as a biomarker for response to biological therapies should
not occur within four weeks of a severe exacerbation. The reported positive
association between periostin and risk of severe exacerbation in populations with
severe eosinophilic asthma does not extend to a general population of mild to

moderate asthmatics, in which an inverse associated was observed.

Serum periostin may be useful in predicting treatment responsiveness of patients to
monoclonal antibody therapy directed against IL-4Ra., IL-13 and IgE. However, it may
be difficult to use as a biomarker clinically, as numerous non-asthma related factors,
such as bone injury and ethnicity, have been shown to significantly affect serum levels,

making interpretation difficult.

(616 of 500 words)
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Chapter 1: Introduction

1.1 Asthma

1.1.1 Whatis asthma?

Asthma is a chronic lung disease that results in inflammation and periodic narrowing of
the airways. It is defined by the Global Initiative of Asthma as ‘wheeze, shortness of
breath, chest tightness and cough that vary over time in their occurrence, frequency
and intensity’.! This hyper-reactivity of airways can be triggered by a variety of

endogenous and exogenous stimuli such as stress, exercise, tobacco smoke and pollen.

Asthma is a very common chronic health problem, affecting an estimated 300 million
people worldwide.! It affects all age groups, ethnicities and socioeconomic groups,
with considerable medical and economic cost.? Prevalence of asthma among children
and adults has been climbing in recent years,® along with a rise in associated atopic
disorders such as eczema and rhinitis.* As a result, there is need for healthcare
providers to improve asthma diagnosis and management, to help minimise long term
sequelae from this chronic health disorder and ameliorate some of the economic

burden of asthma.
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1.1.2 Pathophysiology of Asthma

The understanding of the underlying mechanisms of asthma is constantly evolving.
Biological heterogeneity exists through the spectrum of asthma but is perhaps most
studied in those with severe forms of the disease who have the highest healthcare use
with associated morbidity and mortality. Traditionally, those with asthma have been
divided by the presence or absence of allergy. Allergic asthma, being the more
common form, is triggered by extrinisic allergens such as pollen, dust and household
pets and is treated with a combination of bronchodilators (for relief of wheeze) and
corticosteroids (for airway inflammation). If symptoms are not adequately controlled,
then a step-wise approach to increasing corticosteroid and bronchodilator therapy is
recommended!. However it is now clear that the ‘one size fits all’ therapeutic approach
does not work within certain subsets of asthmatics. Furthermore, recent randomised
controlled trials of biological agents targeting specific aspects of inflammatory
pathways have had varying degrees of success in heterogeneous asthma populations,
suggesting that current understanding of the pathophysiology of asthma is far from

clear.

Asthma was once thought to be driven by the adaptive immune system. In 1986, an
immunological breakthrough was made when two discrete groups of T-helper cells,
which secreted different cytokine profiles, were described - T helper 1 (Th1) and T
helper 2 (Th2) cells.® Th1 cells secrete mainly interleukin (IL)-2, interferon (IFN)-Y and
lymphotoxin-a,® which activate against viral and bacterial pathogens that target

intracellular mechanisms. Th2 cells secrete IL-4, IL-5, IL-9 and IL-13 which are most
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effective against bacteria targeting extracellular mechanisms or helminths and are
found in pathological levels in asthma.®’ By the early 1990s, mouse models showed
that activation of Th2 cells resulted in mast cell activation and eosinophilic airway
inflammation®° causing asthma-like changes in the airways. This was supported by
clinical studies in humans which demonstrated large numbers of Th2 cells in bronchial
fluid from individuals with atopic asthma,! leading to the assertion that asthma was

primarily a disease of allergy, driven by the Type 2 inflammatory pathway.

The Type 2 inflammatory pathway is initiated by IL-25, IL-33 and Thymic Stromal
Lymphopoeietin (TSLP), epithelial cell derived cytokines, which are released in
response to an airway insult. They activate antigen presenting cells (APCs), which in
turn induce the Type 2 adaptive immune response. Naive T-cells are activated, and
differentiate into either Th1 or Th2 cells, depending on the mix of local cytokines and
doses of antigen being presented.'?*? [L-4 is integral in tipping the balance toward the
Type 2 pathway.**** Activated Th2 cells migrate to the airway epithelium and stimulate
the release of IL-5 and IL-13 which signal a cascade of events resulting in increased
mucous production, IgE synthesis, subepithelial fibrosis, bronchial remodelling and

airway hyper-responsiveness (AHR),*>1¢ key characteristics of asthma.

These Type 2 cytokines drive the recruitment of mast cells, basophils and eosinophils

whilst mediating a switch of B-cell secreted immunoglobulins to IgE (Table 1.1).”

Therefore eosinophils and IgE are often synonymous with Type 2 asthma.
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Table 1.1: Key Type 2 cytokines and their functions

Cytokine

Function

IL-4

IL-13

IL-5

IL-9

Binds to IL-4 receptor-& (IL-4R«),"”” which is widely

expressed on T-helper cells, eosinophils, mast cells, B cells,
bronchial epithelium, endothelium and airway smooth
muscle cells. Activation of IL-4R« results in either a Type 1
or a Type 2 signal. A Type 1 signal modulates T-helper cell

differentiation. A Type 2 signal activates release of IL-13, a

potent effector cytokine.'®
Stimulates B cell isotype switching, mucus hypersecretion,

goblet cell hyperplasia, subepithelial fibrosis and AHR,"**

through cholinergic-induced contraction of smooth

21,22

muscle?’??, as well as the recruitment of eosinophils.'*?* IL-

13 receptors are expressed on airway smooth muscle cells

and airway epithelial cells.
Produced predominantly by Th2 cells, Type 2 innate

lymphoid cells (ILC2s), mast cells, NK cells and

24,25 It

eosinophils. mediates eosinophil development,

maturation and activation in the bone marrow as well as
subsequent mobilisation and survival.>**® Eosinophils have
been believed to play a central role in asthma physiology for
many years. Certainly in severe or uncontrolled asthmatics,

eosinophils have been found to be persistently increased

and activated in the blood and airways in about 50% of

asthmatics.?’
Secreted by mast cells, Th2 cells and ILC2 cells. It stimulates

proliferation of activated T-cells and mast cells.”?® It also
induces IgE production from B cells. In human studies, IL-9
increases pre-disposition to AHR as well as contributing to

mucus hypersecretion."”
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However, this dichotomous division of asthma classification into allergic/non-allergic
asthma has been shown to be an over-simplification with several research groups
describing the involvement of innate immunity in the development of airway
inflammation found in asthma,?®* and randomised controlled trials demonstrating
differential response to asthma treatments based on the type of underlying airway
inflammation.*®% There is now a growing body of evidence to suggest that asthma is
not a single disease, but rather a spectrum of disorders, with multiple sub-groups or
phenotypes, with differing patterns of airway inflammation which are likely to respond

to treatment differently.

1.1.3 Causes of Asthma

Asthma causality is not fully understood though a number of factors are considered to
increase one’s risk for developing the condition.®? Genetic predisposition is
undoubtedly a factor, though no specific gene has been found to cause asthma. Family
history, gender and intra-uterine exposures are all thought to contribute to asthma
risk.®® The growing study of epigenetics, the study of gene expression changes that are
not as a result of altered gene sequence, has led to associations between microbial
exposure, dietary influences, obesity, tobacco smoke and pollutant exposure and the
risk of developing asthma.® This theory is supported by evidence that children with
asthma demonstrate dysregulated immune pathways, contributing to uncontrolled

Type 2 immunity,**% which is detectable at birth.%
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Childhood exposures to viruses, such as the respiratory syncytial virus and rhinovirus,
are associated with the development of asthma,® particularly if the infant has
concurrent atopy. Although conversely, attendance at day-care or the presence of
more than one sibling at home confers protection against the development of asthma,

despite increased episodes of viral induced wheeze.®®

Medication use can also increase an individual’s risk of asthma. Over-use of beta
agonists has been shown to increase AHR in both children and adults**# which in turn
can lead to the development of severe asthma. Paracetamol use has also been linked
to asthma aetiology,** however has not been proven unequivocally. Allergen exposure
and asthma prevalence do not have a linear relationship in terms of causation*? and
differ between populations and the degree of urbanisation, suggesting a more complex

genetic/environmental interplay, which increases risk of developing disease.

Current understanding of what causes asthma has come from either animal studies,
which are not translatable into human subjects or epidemiological studies, which are
limited by their methodology and vulnerability to systemic bias. Given the
heterogeneity of asthma, it is likely that causation is multi-faceted with a combination

of genetic and environmental factors.
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1.1.4 Asthma Classification

Asthma was originally described by Hippocrates in 450 BC as a single disease state. It is
now recognised to be a heterogeneous disorder with variable severity, natural history
and response to treatment.®® Asthma’s heterogeneity can range from mild to severe
and patients may demonstrate intermittent or persistent bronchospasm, making
classification challenging because of the lack of specific and validated markers.
Traditionally asthmatics were categorised as atopic/extrinsic or non-atopic/intrinsic,
both characterised by eosinophilic inflammation.# Most children and up to 50% of
adults suffer with atopic asthma.®* It is characterised with childhood allergic
sensitisation to common allergens and there is usually a positive family history. Atopic
asthma tends to be more responsive to treatment with inhaled corticosteroids (ICS).
Features of non-atopic asthma include later onset of disease, with no involvement of
the allergic immune system. It tends to be associated with other co-morbidities such as
nasal polyps, obesity and chronic rhinosinusitis.* Non-atopic asthma is also more
difficult to treat, and can be less responsive to corticosteroid therapy.* However it has
become clear that this is an oversimplification of asthma and since then further

classification systems have been suggested.

Currently asthmatics are treated according to the severity of their symptoms, with

medication increased until their symptoms are no longer ‘problematic’. However, this

strategy does not take into account the heterogeneity of asthma, or the possibility that
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symptom control and underlying airway inflammation control may not be one and the

same thing.

With 5-10% of asthmatics refractory to conventional treatment,* research into
phenotype-based definitions of asthma has increased over recent years to aid
treatment decisions. Phenotype-based descriptions of asthma are reflective of clinical
and morphologic characteristics as well as response to treatment. Phenotyping in
asthma has been used to discriminate between differences in symptoms, severity and
response to treatment. Clinical characteristics such as age, gender, time of onset,
smoking and environmental exposures and associated co-morbidities have all come
into play when describing various phenotypes. Large epidemiological programmes
have been started in recent years, attempting to describe and classify asthma
spectrum disorders. Disadvantages of phenotype-based descriptions are that they do
not describe the underlying pathological mechanism# and can change with time or in
response to treatment.”® Consequently, endotype-based definitions of asthma are
emerging, which sub-divide asthmatics based on their cellular and molecular
pathology,* in the hope that this will enable clinicians to tailor treatments based on

the underlying pathology of an individual’s disease.

Type 2 asthma

Type 2 asthma is the best defined endotype to date. Asthmatics categorised based on
their Type 2 immunity status, using concentrations of IL-4, IL-5 and IL-13 in blood and

tissue, were labelled as Type 2 ‘high’ or Type 2 ‘low’.>>>* Importantly, Type 2 ‘high’
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asthmatics were more responsive to corticosteroid therapy than their Type 2 ‘low’

counterparts, irrespective of asthma severity.

The strongest evidence for Type 2 asthma comes from clinical trials testing monoclonal
antibody therapy directed against components of the Type 2 inflammatory pathway.
The monoclonal antibody targetting IL-4Ra, thereby blocking downstream signalling of
IL-4, improves lung function and exacerbation rates in people with moderate to severe
asthma.’? Monoclonal antibody agents directed against IL-13 also improve lung
function in severe asthmatics.>** The inhibition of IL-5, resulted in improved asthma
control, fewer exacerbations and improved lung function in severe eosinophilic
asthmatics.> Finally, biological agents directed against immunoglobulin E (IgE) have
also been found to be effective in improving asthma control and reducing
exacerbations in moderate to severe, poorly controlled allergic asthmatics.> In all
these clinical trials, the biological agents were most effective in pre-defined Type 2
‘high’ populations of asthmatics, highlighting the need of being able to identify
responders before initiating biological therapy. There is an inherent difficulty and
expense in measuring Type 2 cytokines in vivo, therefore there is a need for surrogate
biomarkers, such as blood eosinophils, Fractional exhaled Nitric Oxide (FENO), serum
periostin and serum IgE. These biomarkers have several potential roles in asthma
management: identifying those with Type 2 asthma who are most likely to respond to
targeted biological therapies, monitoring response whilst on these therapies and

predicting prognosis of asthma.
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Non-Type 2 asthma

Little is understood about non-Type 2 asthma. Asthmatics in this endotype display less
airway obstruction and hyper-reactivity>!, have no family history>’>® and are less likely
to respond to corticosteroid therapy. It is likely driven by an alternative inflammatory
pathway (or pathways) to Type 2 asthma, with sufferers demonstrating different
inflammatory footprints to their Type 2 counterparts. An increasingly popular theory
behind non-Type 2 asthma is the role of the innate immune system, with higher
expression of IL-8, IL-17, IL-2, INF-Y and mRNA expression of several innate immune
response receptors.®-%* Asthmatics with neutrophil-dominant airway inflammation
have the highest prevalence in groups with the severest forms of the disease whilst
being amongst the most resistant to treatment.’? Asthmatic airways have also been
found to have high levels of intracellular bacteria within neutrophils and
macrophages,> which may explain why macrolide antibiotics have been effective in
lowering exacerbation rates and improving quality of life in asthmatics with low blood

eosinophil counts.%®

The limited understanding behind non-Type 2 asthma pathways has meant there has
been little progress in developing therapeutic agents. However, large scale longitudinal
studies are underway, focused on the stratification of asthma and potential surrogate
biomarker use,**% which will hopefully provide deeper insight into asthma endotypes

and clinically viable means of distinguishing them.

28| Page



1.1.5 Current therapeutic options in asthma

Inhaled corticosteroids (ICS), in combination with short- or long-acting B-agonists
where necessary, are the mainstay of asthma treatment. Corticosteroids have a broad
and non-specific mode of action®*” and serve in modulating T2 cytokines. However, 5-
10% of asthmatics remain poorly controlled despite being on maximal doses of
corticosteroids. Frequent or long-term use of systemic corticosteroids come with
significant health consequences. Therefore novel biological therapies targeting specific
inflammatory cascades are being developed in order to provide more specific
treatment options for patients requiring high doses of corticosteroid to achieve

adequate asthma control.

However, as previously mentioned, most biologics to date target the Type 2
inflammatory pathway. There are currently two biological agents approved for add on
therapy in asthma in New Zealand, when conventional treatment is insufficient -
omalizumab (a humanised monoclonal antibody directed against circulating IgE) and
mepolizumab (monoclonal antibody directed against IL-5). Both have been shown to
reduce exacerbations and improve asthma control in pre-defined populations.>>>¢
Omalizumab is currently only licensed for use in the UK for severe asthmatics with
proven allergic asthma (either by skin prick test or total serum IgE of greater than
300U/L), with a history of multiple exacerbations requiring the use of systemic
corticosteroids despite being on maximal inhaled treatment.®® Subsequent clinical
trials also showed that asthmatics with a peripheral blood eosinophil count of greater

than 0.26x10°/L had fewer exacerbations and better lung function after treatment with
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omalizumab,® suggesting that blood eosinophil count may also be a predictor
biomarker for this therapeutic agent, though this is not a criterion for prescription of
omalizumab. Mepolizumab was recently approved for use in the UK in January 2017
for those with severe eosinophilic asthma, with documented peripheral blood
eosinophil levels of greater than 0.3x10°/L and who suffer with recurrent
exacerbations requiring systemic corticosteroid, despite being on maximal inhaled
treatments.”” More recently, two more monoclonal antibodies have been given
approval for use in eosinophilc asthmatics in the USA, UK and Europe as second line
agents: benralizumab and reslizumab. Both agents target IL-5 and have been shown to
reduced exacerbation rates by approximately 50% when used in poorly controlled

asthmatics, with blood eosinophils greater than 0.3x107/L.7%72

Several molecules are in various forms of development. Dupilumab, an IL-4Ra blocker,
has been shown to improve exacerbation rates in moderate to severe asthmatics with
high blood eosinophil counts and high periostin levels.>? Whilst anti-IL-13 agents such
as lebrikizumab®® and tralokinumab® have both been shown to improve lung function
and reduce exacerbation rates in severe asthmatics who demonstrate high pre-

treatment periostin levels.

Data from these clinical studies indicate targeted asthma therapy can be provided to
patients who do not respond to corticosteroid treatment, provided they can be
identified using validated surrogate biomarkers, which accurately reflect the

underlying pathophysiological mechanism of their asthma. Potential surrogate
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biomarkers include: peripheral blood eosinophils, FeNO, serum periostin and serum

IgE.
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1.2 Biomarkers

1.2.1 What is a biomarker?

A biomarker is a surrogate measurement which can characterise or quantify an
underlying disease process.”? The National Institutes of Health Biomarkers Definitions
Working Group define a biomarker as a ‘characteristic that is objectively measured and
evaluated as an indicator of normal biological processes, pathogenic processes or
pharmacologic responses to a therapeutic intervention’.”* The success of a biomarker
in clinical practice is dependent on the question being asked, and the properties of the
designated marker. A biomarker can be used to either rule out a disease process or
suggest activity of a disease. For example, in those with moderate to high risk of
venous thromboembolism, a d-dimer blood test has a high negative predictive value
for the absence of a clot.”> Whereas, prostate specific antigen (PSA) has a high positive

predictive value for prostate cancer if levels are above a cut-point of 4ng/ml.”

Biomarkers can be used to risk stratify a general population, screen for underlying
disease, diagnose or stage active pathology, predict prognosis or monitor disease
activity, which enable clinicians to modify treatment regimens. A good biomarker
should be minimally invasive, easily measurable and reproducible.” To be used
clinically, rigorous trialling and validation should take place to ensure uniform

interpretation of biomarker values.
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1.2.2 The role of biomarkers in Asthma

Biomarkers in respiratory disease have a role in monitoring disease activity or response
to treatment. Surrogate markers are all the more important given logistical difficulties
of obtaining samples directly from the respiratory system. The diagnosis of asthma is
often based on symptoms and clinical findings. Around 50% of asthmatics will
demonstrate eosinophilic airway inflammation, for which the ‘gold standard’
diagnostic test is a bronchial sampling or sputum induction. However, these tests

require specialist facilities and have inherent procedural risk for patients.

Asthma is conventionally treated empirically based on stepwise treatment with short
acting bronchodilators, followed by ICS and further add on therapy until adequate
asthma control is achieved.! Response to treatment is usually measured indirectly
through symptom score questionnaires, basic lung function measurements and
exacerbation rates, which does not necessarily reflect the activity of underlying airway
inflammation. Surrogate biomarkers, which accurately reflect this airway inflammation
could not only result in the need for lower doses of corticosteroids, but facilitate the
use of biological agents which target specific components of the inflammatory

pathway driving asthma pathogenesis.

Currently in asthma the most researched endotype is Type 2 inflammation, for which
there are several potential biomarkes, denoted in Table 1.2. The four main biomarkers
which have been examined in this thesis are: peripheral blood eosinophils, FeNO,

serum IgE and serum periostin. All of these biomarkers are measureable peripherally
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and are more easily obtainable than direct bronchial sampling. They have each been

validated to different points and may have an individual or combined role in facilitating

sub-classification of Type 2 asthma.

Table 1.2 Potential Type 2 biomarkers

Biomarker Testing method Phenotype Associated cytokines
Eosinophils Blood, sputum Allergic, IL-5,1IL-4
eosinophilic
Neutrophils Blood, sputum Non-allergic, IL-8,1L-17
neutrophilic
IgE Blood Allergic IL-4,1L-13
Periostin Blood, sputum Eosinophilic IL-4,11L-13
DPP-41 Blood Eosinophilic, IL-13
AERD?

1. DPP-4: dipepidyl-dipeptidase-4

2. AERD: aspirin-exacerbated respiratory disease

1.2.3 Peripheral blood eosinophils

Eosinophils were first associated with asthma in 190877 and have been extensively

studied as a potential biomarker for asthma. Blood eosinophils are important

mediators of inflammation as, once activated, they release toxic granule proteins and

pro-inflammatory cytokines, which result in tissue damage and dysfunction.”® In
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airways, eosinophils mediate remodelling and smooth muscle hypertrophy, resulting in
chronic airflow obstruction in asthma. High levels of peripheral eosinophils are
associated with higher symptoms scores, lower FEV, values and greater diurnal peak
expiratory peak flow variation, characteristics which are associated with a raised risk of
severe exacerbations in asthma.” The monoclonal antibody, mepolizumab, directed
against IL-5 can suppress blood and sputum eosinophils by up to 80%% and reduce
frequency of exacerbations in patients with uncontrolled eosinophilic asthma, who are
on high dose corticotseroids.®* These effects are greater in patients who have pre-
treatment blood eosinophil levels of greater than 0.15x10°/L.>> Peripheral blood
eosinophils are predictive of response to other monoclonal antibody therapies
directed against IgE®® and IL-13%°, though with differing pre-treatment cut-offs (greater
than 0.26x10°/L and 0.14x10%/L, respectively). Taken together, these findings suggest
that peripheral blood eosinophils have a role in predicting asthma severity, likelihood

of severe exacerbation and potential response to treatment with biological agents.

Whilst the measurement of blood eosinophils is a readily available and inexpensive
test, there are disadvantages to its use. Firstly, peripheral eosinophils may be elevated
due to non-asthma reasons, such as parasite infections, autoimmune diseases and
allergies. Secondly, as eosinophils are primarily tissue dwelling leucocytes, blood
eosinophils may not accurately reflect bronchial activity,®? particularly in cases where
the patient has taken ICS or anti-IL-5 therapy.8># In addition, blood eosinophils have a
short circulating half-life (of around 18 hours), making them highly variable within an
individual. Despite these issues, peripheral blood eosinophils may have a role in the

diagnosis and management of asthma, particularly if used to select patients for
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monoclonal antibody therapy directed against IL-5, IL-4Ra., IL-13 or IgE. However, its

use as a biomarker of disease activity may be limited once the patient is on treatment.

1.2.4 FeNO

FeNO correlates with eosinophilic airway inflammation, when compared to eosinophils
present in samples from bronchial washings,® bronchial biopsies® and induced sputum
samples.®-8 A standardised method for obtaining FeENO has been outlined in
international guidelines,?’ ensuring that it is a safe, reproducible biomarker for asthma.
Raised FeNO (greater than 47ppb) is suggestive of airway eosinophilia as well as being
a predictor of response to corticosteroid therapy® and risk of exacerbations.”
Similarly, those with high FeENO measurements benefit more from treatment with a
monoclonal antibody directed against IgE¢’ whilst those with a consistently low FeNO
(less than 25ppb) may be less responsive to treatment with ICS.?* Although FeNO can
be elevated in non-asthmatics, it is generally higher within an asthmatic population

than a non-asthmatic population.®?

FeNO levels can be affected by factors other than asthma such as age, gender, smoking
status and medication use.®® It does not correlate with asthma severity.?> Whilst it is
reflective of eosinophilic airway inflammation, it is not a duplicate measure as
evidenced by the fact that sputum eosinophilia can be reduced by anti-IL-5 therapy
without affecting FeNO levels.®! It is also highly variable within an individual, changing

up to 20% within a patient with stable asthma (and no change to treatment) over two
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weeks.>® In all, the role of FeNO in asthma may lie with its diagnostic capabilities as
well as identifying those who are most likely to respond to corticosteroid therapy

rather than predicting potential responders to monoclonal antibody therapy.

1.2.5 Serum IgE

Total serum IgE is an important marker of atopy,® which in itself is an important
asthma phenotype. The presence of allergen-specific IgE is considered diagnostic for
allergic asthma?® and total IgE can be used to characterise a population for targeted
intervention. IgE can stimulate the release of pro-inflammatory mediators through
activation of the allergy cascade. High levels of lung parenchymal IgE is positively
correlated with a history of asthma-related ventilation,?® whilst elevated levels of
serum IgE are associated with an increased exacerbation rate.’* Furthermore,
monoclonal antibody therapy directed against IgE improves asthma control and

reduces exacerbations by 25%.%¢

The major disadvantage of serum IgE is the large overlap between atopic and non-
atopic populations, meaning that it is not useful in the diagnosis of asthma. Other
factors also affect serum levels, such as age and gender.?> Additionally, total IgE levels
are not predictive of response to the anti-IgE monoclonal antibody, omalizumab.?
Therefore, its role as a biomarker is likely to lie in characterising asthma and predicting

outcomes in terms of exacerbations.
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1.2.6 Serum periostin

The periostin gene (POSTN) was found to be highly expressed in a group of asthmatics
who demonstrated Th2 high asthma®! and is induced by IL-4 and IL-13 in airway
epithelial cells and lung fibroblasts.'® The periostin protein is involved with airway
remodelling and subepithelial fibrosis*® and elevated levels are associated with a
higher exacerbation rate and greater decline in lung function over several years.?””
Serum periostin levels predict airway eosinophilia in poorly controlled asthmatics on
maximal corticosteroid therapy,”® although this finding has not be reproduced.”
Monoclonal antibody therapy directed against components of the Type 2 inflammatory

pathway is more efficacious in those with high serum periostin levels.>2-54¢?

A major disadvantage to the utility of serum periostin as a biomarker in asthma is that
it cannot distinguish between asthmatic and non-asthmatic populations, %! nor can it
usefully discriminate between severity in those with asthma.’® It is a ubiquitous
matricellular protein with functions in multiple organ systems and therefore pathology
within these systems could have an effect on serum periostin levels, although the full
extent of this has not been investigated. Finally, it is not clear from current evidence if
the reference ranges described for serum periostin need modification for different
ethnic groups, as in the case with serum IgE.1°? In summary, serum periostin may be a
useful biomarker in identifying Type 2 asthma and those who would respond to
biological agents directed against the Type 2 pathway, but it would not be useful in the

diagnosis of asthma.
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1.3 Periostin

1.3.1 What is periostin?

Originally termed osteoblast-specific factor 2 (OSF-2), periostin is a 93.3kDa, vitamin K-
dependent glutamate containing matricellular protein.'® It was first identified in 1993
through subtraction hybridisation of a mouse embryonal cell line MC3T3-E1.104105 |n
humans, it is encoded by the POSTN gene, located on chromosome 13 (13q, 13.3).1%
Periostin expression is induced by a wide variety of factors in a cell-specific context,
including Tissue Growth Factor-B (TGF-B)-1, -2 and -3, Bone Morphogenic Protein
(BMP)-2 and -4, vascular endothelial growth factor, connective tissue growth factor-2,

vitamin K, valsartan (angiotensin Il antagonist) and IL-3, 4, 6 and 13.1%7

Periostin was initially thought to be a simple adhesion molecule, binding several
integrins on its cell surface. However, it has since been assigned to the fascicilin family
of matricellular proteins as it has four repeat domains that resemble FAS1, which allow
binding of integrins and glucosaminoglycans.'® It also consists of a cysteine-rich N-
terminus, about 75 amino acids long, with an EMI domain, and an alternative-splicing

region at its C-terminal.%

As a matricellular protein, periostin can interact with av-integrins to induce

downstream signalling pathways which modulate expression of multiple genes

including a-smooth muscle actin, collagen, fibronectin, aggrecan, sclerostin,
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chemokines and TGF-1.19%-11! |t has defined functions in bone injury, tissue repair,
dental health, cancer, as well as cardiovascular, renal and respiratory diseases. Interest
in periostin has increased after emergence of data associated it with Type 2
inflammation in asthma.*** Serum periostin levels have been found to be higher in
children,* which is perhaps unsurprising as it is upregulated in times of growth and
remodelling. However, its usefulness in children with asthma has yet to be
determined.!*? Several isomers have been described,7113114 although their functional
implications are not fully understood. There is currently only a single clinical grade
assay, Elecsys® Periostin Immunoassay, which uses two monoclonal antibodies to
measure periostin isomers,'*> though the details of this assay are presently protected
under patent. Other assays, measuring periostin isomers through ELISA techniques
also exist, but it is not known how these assays would compare to the Elecsys®

Periostin Immunoassay as there have been no head-to-head trials.

1.3.2 Periostin in bone injury

Periostin was renamed in 1999 after elevated levels were found within the periosteum,
the layer of connective tissue surrounding the bone.** The periosteum plays a central
role in the process of fracture repair. Periostin’s high levels of expression within the
periosteum may be explained by its likely role in bone’s structural integrity and

strength.
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In vitro, periostin stimulates osteoblast proliferation, differentiation, adhesion and
prolonged survival.'*¢ Inactivation of the POSTN gene in mouse models result in lower
levels of osteoblast-specific factors, including alkaline phosphatase (ALP), osteopontin,
Type 1 collagen, osteocalcin and disorganised collagen matrix formation.!017
Consequently periostin-null mice demonstrate marked growth retardation and
shortened long bones. In addition, there is an increase in expression of sclerostin
MRNA resulting in sclerostin-mediated bone loss.!'° Taken together, this suggests that

periostin plays a vital role in bone strength and mechanics.

In the neonate and during embryogenesis, periostin is highly expressed, presumably
for bone development and maturation.'*® There is down-regulation of periostin in the
post-natal period although it is re-expressed during fracture repair or in times of
mechanical stress.'?? Periostin mediates its effects on bone remodelling by regulating

collagen cross-linking and fibrillogenesis by binding to BMP-1 via the EMI domain.*?

1.3.3 Periostin in tissue repair

Tissue repair after injury results in increased periostin expression transiently, peaking
at seven days before returning to baseline 28 days later.'?* In conditions of chronic
tissue inflammation and fibrosis, periostin-like factor was identified in satellite cells.'
In healthy human skin, periostin is expressed at basal levels but then localises to the
extracellular compartment during tissue remodelling.'*® Periostin is thought to

promote healing by facilitating the activation, differentiation and contraction of
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fibroblasts.1?1124125 These observations support the hypothesis that periostin has a role

in tissue repair and regeneration.

1.3.4 Periostin in dental health

The periodontal ligament (PDL) is one of the structures that connect the teeth to the
jaw and help them withstand the pressures of mastication. It is an important structure
for the maintenance of healthy teeth and bone. The PDL responds to mechanical stress
by remodelling.1®® Periostin is highly expressed in the PDL of murine models'® and, in
periostin-null mice, there is disorganised structure and mineralisation of murine teeth
as well as a weaker PDL.'*® As tendons are key in transmitting forces of contraction
from muscle to bone, disruption to collagen organisation interferes with effective
transfer of forces, resulting in poorer dental health. This has been shown in periostin-
null mice, which demonstrate abnormal remodelling of the PDL, destruction of the
alveolar bone (presumably from abnormal loading), enamel defects in teeth and a
periodontitis-like disorder, characterised by abnormal tooth migration and premature

tooth loss.'”

1.3.5 Periostin in Cancer

Periostin is over expressed in a wide variety of cancer? which include, thymoma, non-
small cell lung cancer, breast cancer, pancreatic ductal adenocarcinoma and ovarian

cancer. In solid tumour cell lines, it has been shown to promote tumour angiogenesis,
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migration and metastases.?” These findings have been supported by clinical studies

that show metastatic disease is associated with increased periostin levels.1?7-1%

Periostin is thought to stimulate cancer growth by preventing cell apoptosis and
improving the tumour’s microenvironment to encourage growth, survival and
invasiveness of the cancer.® The underlying mechanism of this is the induction of
expression of MMP-9, MMP-10 and MMP-13, which result in the degradation of the

extracellular membrane resulting in tumour growth spread.32133

1.3.6 Periostin and the Cardiovascular System

In utero, periostin plays a vital role in the differentiation and development of heart
valves and the fibrous cardiac skeleton.®® Expression of periostin induces collagen
production, compaction and fibroblast proliferation, resulting in ventricular wall
strength and valve maturation.®® Periostin null mice have truncated heart valves with
ectopic cardiomyocytes, predisposing the mouse to certain forms of arrhythmia.3* As
with bone and the PDL, periostin is downregulated in the postnatal period, and only re-
expressed after injury. Postnally, periostin is found in cardiac fibroblasts and
myofibroblasts at a low level of expression. In times of cardiac stress, periostin levels
increase and cause accelerated mobilisation, tissue engraftment and differentiation of
bone marrow cells into cardiac fibroblasts,*** enabling rapid tissue remodelling and
fibrosis. This is supported by murine model studies where periostin-null mice are more

prone to ventricular rupture ten days after a myocardial infarction.'** There is
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mounting evidence that periostin insufficiency is associated with valvular heart
disease,%71%¢ heart failure®”'® and atherosclerosis.’®** Thus the POSTN gene is a

potential target for the prevention or treatment of heart failure. %18

1.3.7 Periostin and Renal Disease

Periostin is induced during nephrogeneis by BMP-4.10 |t is highly expressed in
mesenchymal tissue surrounding the kidney and ureters as well as in the renal
stroma.**%2 As with other tissues, periostin is down regulated postnatally until renal
insult or injury, where it is re-expressed within renal tubules'** and blood vessels.** It
is particularly over-expressed in hypertensive nephropathy,* making it a potential

biomarker for this condition.

1.3.8 Periostin and Respiratory Disease

Periostin is likely to play less of a role in lung development as it does in airway repair.
Periostin null mice show grossly intact airways, with no significant abnormality.*'” In
neonatal lung remodelling, periostin is upregulated after prolonged hyperoxia leading
to dysregulation of alveolar remodelling and septal formation inhibition.** In the lung,
periostin expression falls after injury and only increases in response to TGF-B

activation,*¢ which may persist beyond the initial insult.
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The POSTN gene was identified as a key gene in those with steroid sensitive Type 2
asthma®®>*! and since then, there has been growing evidence linking periostin to Type 2
airway inflammation.>%5153% Periostin is upregulated by Type 2 cytokines IL-4 and IL-13
via activation of Signal Transducer and Activator of Transcription-6 (STAT-6).°%51145 |ts
levels are elevated in the bronchial epithelial cells of a subset of asthmatics and is
secreted basloaterally.®®'* Here, it activates TFG-B-mediated Type 1 collagen
production in fibroblasts* contributing to sub-epithelial fibrosis and airway
remodelling, key pathological features of asthma. It is therefore unsurprising that
periostin is also upregulated in fibrotic lung diseases such as usual interstitial

pneumonitis (UIP)** and high levels are inversely correlated with lung function.*#

In asthma, periostin is associated with airway eosinophilia’® which may be because it
acts as a guide to eosinophils, attracting them to areas of high periostin concentration
in the asthmatic airway.'*® Functionally, high levels of periostin have been associated
with greater declines in lung function®”**’ and higher rates of exacerbations,>#¢%1% both
of which are important outcomes in asthma due to associated morbidity and mortality.
Clinical studies investigating the efficacy of monoclonal antibody therapy directed
against specific components of the Type 2 inflammatory pathway have shown better

response to treatment in those with higher periostin levels.>?-54¢7

As a result of all of these factors, periostin may be able to be used as a surrogate
biomarker to identify those with Type 2 asthma. This has important clinical
implications particularly for those with severe forms of asthma, refractory to current

treatment modalities. Firstly, its use may enable clinicians to identify patients who
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have steroid-sensitive asthma. Secondly, for those in whom conventional treatment
has failed, it could help identify potential responders to monoclonal antibody
therapies, directed against elements of the Type 2 inflammatory pathway. Finally it
may enable clinicians to prognosticate on disease progression, which would aid
treatment decisions. However, the role of periostin as a biomarker in asthma is far

from clear.

In this thesis, | will attempt to address some questions that have yet to be investigated:

* Given the important role periostin has in bone and dental maintenance, are
serum levels affected by bone injury or dental surgery? If so, does this have
wider implications for its use as a surrogate biomarker for Type 2 asthma?

* How does serum periostin vary over time in asthma? Is it able to distinguish
between stable and unstable asthma?

* Does serum periostin vary between ethnicities?

* How does serum periostin compare to other surrogate biomarkers of asthma,
specifically peripheral blood eosinophils, FENO and serum IgE?

* |s serum periostin able to predict who is more likely to suffer from severe
asthma exacerbations, as this group of asthmatics are most likely to develop
long-term sequelae of chronic airway inflammation and have the largest use of

healthcare within the asthmatic population?
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1.4 Aims

The main aims of this research were to:
1. Determine the variability of serum periostin after bone injury and dental
surgery in non-asthmatic people.
2. Observe the variations in serum periostin in stable asthma and across
ethnicities;
3. Observe variations in serum periostin after severe exacerbations of asthma and
initiation of treatment; and over years in a general population of adults with

asthma

1.5 Thesis Outline

Firstly, | aimed to determine the change in serum periostin in non-asthmatic people
who sustained bone injury or who had dental surgery. This was to establish the extent
of the effect that these events would have on serum levels, as this would impact the
utility of serum periostin as a biomarker in asthma within a clinical setting. | therefore
conducted two studies, described in Chapter 2:
e Study 1: a cohort study which recruited 102 participants who sustained a bone
fracture or who were scheduled to have hip or knee replacement surgery.
Participants were divided into three groups depending on their injury: ‘short

bone fracture’, ‘long bone fracture’ or ‘joint replacement’. All participants were
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free of chronic respiratory health conditions. They were followed up for six
months and had blood drawn for measurement of serum periostin seven times

within that period.

e Study 2: this study recruited 68 participants who were scheduled to have a
tooth extraction. Participants were divided into two groups depending on the
type of extraction they received: ‘simple extraction’ and ‘surgical extraction’.
Again, all participants were not diagnosed with any chronic respiratory
condition. Patients were followed up for three months and had blood drawn for

measurement of serum periostin seven times within that period.

To investigate the variability of serum periostin in stable asthma and across ethnicities,

| undertook a literature review of the evidence to date. | then conducted two studies,
detailed in Chapter 3:

¢ Study 3: a longitudinal cohort study of 60 participants with a doctor’s diagnosis

of asthma on ICS therapy and at least one other controller. Participants were

observed for eight weeks, having blood taken 11 times at pre-defined intervals

for serum periostin.

* Study 4: a cohort of 188 Chinese participants were recruited. 120 of them had
no history of respiratory disease. 68 participants had a doctor’s diagnosis of
asthma and were on current treatment. Participants attended for a single visit

to have serum periostin measured along with peripheral blood eosinophils,
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FeNO and serum IgE. These results were compared to previous Caucasian

cohorts.

Finally, in order to examine the utility of surrogate biomarkers in asthma, | undertook a
literature review examining the evidence to date of their use in clinical practice, and
how they changed in response to a severe exacerbation of asthma, and its treatment. |
also reviewed current evidence on the use of Type 2 biomarkers in predicting severe
exacerbations of asthma. | then conducted two studies detailed in Chapter 4:

* Study 5: a cohort of 34 participants were enrolled within 24 hours of starting
systemic corticosteroids for a severe exacerbation of their asthma and were
observed for 12 weeks. Blood was drawn six times over the study period for
measurement of peripheral blood eosinophils, FeNO, serum periostin and

serum IgE.

e Study 6: a longitudinal study comprising of two cohorts of asthmatics, who
were invited to re-attend for a single visit. Repeat measurements of peripheral
blood eosinophils, FENO, serum periostin and IgE were taken as well as lung
function. | also took an ‘Exacerbation History’ whereby | elicited the number of
times the participants had had to receive systemic corticosteroids for control of

their asthma in intervening time, which | corroborated with medical records.

The findings are presented here and are submitted to Victoria University of Wellington

in fulfilment of the requirements for the degree of Doctor of Philosophy.
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Chapter 2: Variations in serum

periostin after bone and dental injury

2.1 What we know so far regarding periostin in bone growth and

healing

Bone in humans is formed through two types of ossification: intramembranous and
endochondral. Intramembranous ossification results in the formation of flat bones in
the skull and the addition of bone along the periosteal surface in long bones.
Endochondral ossification is responsible for the formation of the rest of the bones in
the body.?>*152 The periosteum, the layer of connective tissue surrounding the bone, is
vital to bone growth and health and mediates the necessary cell signalling required for
bone growth and remodelling. The periosteum is composed of two layers: an outer,
fibrous layer composed of fibroblasts and mesenchymal cells and an inner, osteogenic
layer, which includes mesenchymal stem cells, osteoblasts and endothelial pericytes. >3
Mesenchymal stem cells are able to differentiate into osteoblasts during bone

formation or healing®>*>*> and express high levels of periostin during fracture healing.!°

Bone growth or remodeling is largely driven by the Wnt/LRP5/B-catenin signaling

pathway within osteoblasts.'> Although this pathway can be inhibited by sclerostin
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expression,®” its function can be preserved by the expression of periostin, which
inhibits sclerostin release from osteocytes.'® This signaling pathway stimulates the
release of bone growth factors, such as TGF-B, fibroblast growth factor and BMPs,

which are upregulated during times of growth or repair.10>158

Murine studies in periostin-deficient mice suggest that periostin does not seem to be
integral to embryonic development of bone with no differences between periostin-null
embryos and their wildtype equivalents. However, up to 14% of the periostin-null
newborn pups die shortly after birth and all periostin-null mice demonstrate severe
growth retardation throughout life, suggesting periostin is required for bone health.'¥
In normal mice, immunochemistry studies using anti-periostin anti-serum to evaluate
periostin expression in bone tissue, periostin is strongly expressed in the periosteum
but not in bone matrix or endosteum. Furthermore the staining pattern suggests that
periostin is concentrated in the extracellular matrix, rather than being anchored to a
cell’s surface.’* This supports the theory that the periosteum contributes significantly
to the growth and development of bone and, as periostin is expressed so strongly

within the periosteum, it too has an important role in osteogenesis.

Periostin also has a role in bone strength and fracture healing. Mechanical loading or
exercise is one way of increasing bone strength and can reduce one’s fracture risk by
stimulating bone formation along the periosteal surfaces.%¢%5710 After fractures,
periostin expression is rapidly upregulated within the periosteum, which suggests that
it acts as a conduit to concentrate biomechanical signals to where they are most

needed.!® This theory is supported by murine models, which demonstrate that
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periostin-null mice have lower bone mineral density and bone strength, particularly in
load-bearing long bones, such as the femur or tibia,° which are prone to fracture. This
is likely due to disrupted microarchitecture resulting in shorter long bones and
abnormal formation of the cartilaginous growth plate.'” The weakness is not improved
after exercise in periostin-null mice, when compared with their wild-type counterparts

who demonstrate improvements in bone mineral density and strength.!°

Following a fracture periostin mRNA is upregulated significantly within pre-osteoblastic
cells and mesenchymal stem cells close to the fracture site, in murine models. This
over-expression of periostin persists for up to seven days post-fracture, with high
levels seen within both soft and hard calluses forming over the periosteum. Levels of
periostin start to fall after day 14 in mice, when the hard callus has thickened and
endochondral ossification starts.!'? This upregulation of periostin at the fracture site

further supports the role of serum periostin in bone healing and remodeling.

2.2 What we know so far about periostin in dental health

The PDL sits in between the tooth and the alveolar bone and helps anchor the teeth to
the bone during mastication. It consists of two lines of periodontal fibroblasts:
connective tissue fibroblasts and osteoblast-like fibroblasts,¢! which are versatile
during injury and can differentiate into many cells.¢? Periostin was originally found to
be highly expressed within the PDL, particularly within fibroblasts, suggesting it had a

role in the function of the PDL.1%4
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Once again, much of what is known about periostin’s function in dental health comes
from murine models. In the developing foetus, periostin-deficiency does not seem to
result in any gross abnormalities of dentition. In the newborn period, periostin-null
mouse pups have normal developing teeth and periodontia with periostin expression
concentrated around developing teeth at the epithelial-mesenchymal junctions.¢?
However, by four weeks abnormalities start to show with widening of the PDL and
resorption of bone occurring at tooth roots. At three months, periostin-null mice
develop a periodontitis-like disorder characterised by alveolar bone destruction and
external root absorption with high osteoclastic activity.''” Upon eruption of the teeth,
incisors in particular have severe enamel defects with an irregular pattern which are
prone to breaking, resulting in poor feeding by the mice and subsequent
malnourishment and poor weight gain. Even when the forces of mastication were
somewhat ameliorated by the introduction of soft or pureed food, mice still
demonstrate features of this periodontitis-like disorder, suggesting that periostin is

required to mediate the stressors placed on teeth and jaw attachments.!'’

Experimental tooth movement in rats causes increased expression of periostin in the
PDL at the pressure site,'¢* along with an increased concentration of dead cells at the
point of stress in periostin-null mice.!*®* Taken together, this supports previous
evidence that periostin plays an important role in integrity of the PDL in response to

stress, but also that it also prevents apoptosis of cells when under pressure.
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The functions of periostin in bone and dental health and disease are becoming clearer.
However, there remains a paucity of data in human subjects. In addition, much of what
has been studied in vivo has referred to localised periostin, not serum concentrations.
Given the potential use of periostin as a non-invasive biomarker of Type 2 asthma, it
would be important to understand what other factors other than those related to Type
2 inflammation and its treatment, can affect serum periostin levels. This is an
important consideration as periostin is a matricellular protein which influences tissue

development, remodeling and repair in humans.
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2.3 Study One: Change in serum periostin after joint replacements,

long bone fractures or short bone fractures

2.3.1 Introduction

Periostin plays an integral role in the growth, remodelling and repair of bone and is
significantly upregulated following fracture. However, there are no studies conducted
in humans describing the changes in serum periostin following bone fracture. Changes
to serum periostin under these conditions would affect how levels are interpreted if

serum periostin was to be used as a biomarker clinically in asthma.

2.3.2 Hypothesis

It was hypothesised that serum periostin would increase following bone injury, and
then fall to stable levels within a six month period. The magnitude and duration of

periostin increase would be greater in those with fractures in larger bones.

2.3.3 Objectives

To determine:
* The magnitude of change in serum periostin following a large joint
replacement, long bone fracture and short bone fracture;

* The difference in magnitude of change between the three groups;
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* The time taken for serum periostin to return to pre-operative levels in the joint
replacement group, as this was the only group to have a pre-operative

measurement.
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2.3.4 Methods

This cohort study recruited 102 patients aged 18 to 75 years from the emergency
department, orthopaedic fracture clinic, and pre-surgical assessment clinic at
Wellington Regional Hospital, Wellington, New Zealand. Three groups of participants
were recruited: those with short bone fractures, long bone fractures, and those
scheduled for hip or knee arthroplasty. ‘Short bones’ included carpal, metacarpal,
tarsal, metatarsal, or vertebral fractures. ‘Long bones’ included tibia, fibula, femur,
humerus, radial, ulnar, or rib fractures. Participants were excluded from the study if
they had conditions with the theoretical potential to affect serum periostin levels.
These included: a doctor’'s diagnosis of asthma, bronchitis or chronic obstructive
pulmonary disease (COPD); wheeze or use of respiratory inhalers in the previous 12
months; hospital admission, significant surgery (including dental surgery), bone
fracture, or use of systemic corticosteroids, all within the three months prior to
enrolment. Participants were also not recruited if they were pregnant or

breastfeeding.

Ethical approval was given by the Central Regional Ethics Committee of New Zealand
(13/NTB/186). The trial was prospectively registered with the Australia New Zealand
Trials Registry (ACTRN12614000151639) and written informed consent was obtained
from all participants prior to testing. The full information sheet and protocol are

included in Appendices | and .
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Participants attended the Medical Research Institute of New Zealand (MRINZ)
outpatient facility over a 26-week period. Participants with fractures were enrolled
within 48 hours of their injury and then attended for visits at times of one, two, four,
eight, 12 and 26 weeks after the fracture. Participants undergoing joint replacement
surgery had an additional visit before the surgical procedure to obtain a sample for
pre-operative serum periostin, and then were followed-up with the same visit schedule

as the fracture groups.

At enrolment, participants completed a General Health Questionnaire (Appendix IX),
which was based on questions from the American Thoracic Society (ATS) Division of
Lung Diseases-78 Questionnaire (DLD-78)' and measurement of their body mass
index (BMI). Serum periostin was measured at every study visit, including the
enrolment visit. Serum periostin was measured using the clinical trial version of the
Elecsys® Periostin Immunoassay (Roche Diagnositics, Penzbery, Germany) described

previously.t®

Sample size

The clinically important difference in serum periostin is not known. The sample size of
34 participants in each sub-group was based on detecting a paired difference in
periostin of 0.5 of a standard deviation (80% power, Type | error rate 5%, two-sided),
which can be considered a ‘medium' effect size. For comparison between long and

short bone fractures groups, a sample size of 68 (34 in each group) was based on 90%
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power to detect a 0.8 standard deviation difference, which can be considered a ‘large’

effect size.

Statistical methods

The distribution of serum periostin was right skewed and therefore the logarithmic
data transformation was applied on the values for analysis. The inverse transformation
of a difference in logarithms is equivalent to a ratio of geometric means. Periostin
values were plotted against time and a locally weighted scatter plot smoother (LOESS)
with 90% confidence limits was used to illustrate the pattern of variation with time.
Comparison between patient groups used mixed linear models with the individual
participant as a random effect and a spatial exponential covariance matrix, using the
time between measurements, to estimate the correlation between repeated
measurements. Two sets of comparisons were estimated. Firstly, within group models
were used to estimate the change from the reference measurement for each patient
group; secondly an interaction between patient group and time was assessed. In the
fracture groups, as a pre-fracture serum sample could not be obtained from
participants, the initial analysis was performed using the first periostin measurement
(taken within 48 hours) as the reference measurement. However when it was shown
that serum periostin levels fell within 48 hours of bone injury associated with joint
replacement surgery, the 48 hour periostin levels could not be used as the reference
measurement in the fracture groups. For this reason, a post hoc analysis was
conducted where within group comparisons were estimated using the 26 week values

as the reference measurement.

59|Page



SAS version 9.4 was used.

2.3.5 Results

A total of 102 participants were recruited after 415 people were screened. Common
reasons for screen failures included being outside of the designated age range,
sustaining a fracture more than 48 hours prior to screening, declining to participate,
and having a doctor’s diagnosis of asthma or COPD. A single participant was
misallocated to the short bone fracture group with an iliac fracture and so was
excluded from analysis. The characteristics of study participants are shown in Table
2.1. The participants in the joint replacement group were older and had a higher BMI

than those in the fracture groups.
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Table 2.1: Baseline participant characteristics for all participants in Study One

Joint Long Bone
Short Bone Fractures
Replacement Fractures

Continuous variables: N=34
Agel: mean (SD) 60.6 (10.1) 47.9 (17.4) 39.8 (15.7)
BMI2: mean (SD) 31.5(8.3) 26.2 (3.7) 27.4 (4.9)

Categorical variables N=34

Female (%) 16 (47) 21 (62) 12 (35)
Atopy? (%) 17 (50) 18 (53) 16 (47)
Non-smoker (%) 31(91) 29 (85) 27 (79)
Ethnicity

European (%) 24 (71) 27 (79) 28 (82)
Maori (%) 6 (18) 5(15) 3(8)
Pacific (%) 2 (6) 0 (0) 1(3)
Asian (%) 1(3) 1(3) 1(3)
Other (%) 1(3) 1(3) 1(3)

Steroid medication*

Oral steroids (%) 1(3) 0 (0) 0 (0)
Intranasal steroids (%) 1(3) 0 (0) 4(12)
Topical (%) 0(0) 0 (0) 1(3)
1Age: years
2 BMI: kg/m2

3 Atopy defined as a history of seasonal rhinoconjunctivitis and/or eczema
4 Participants who took corticosteroid containing medication for any reason during the study period

SD: standard deviation, IQR: interquartile range, BMI: body mass index, ng: nanogram, ml: millilitre.
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Joint replacement group

In this group, there were 18 participants who underwent hip replacement surgery and
16 who had knee replacement surgery, with complete data available on 31
participants. The mean (SD) length of time between the pre-operative reference
measurement and the surgery was 46.6 (36.9) days (range 0 to 170 days). The pre-

operative mean (SD) serum periostin was 54.2 (18.0) ng/ml.

Within 48 hours of surgery, serum periostin levels fell to a mean (SD) of 43.5 (12.5) ng/
ml, represented by a ratio of geometric mean periostin of 0.8, P<0.001 (Table 2.2).
Serum periostin levels returned to baseline one week post-operatively and then
progressively increased, with a maximum mean (SD) of 101.3 (31.2) ng/ml, (difference
46.9 ng/ml, ratio of geometric mean periostin 1.89, P<0.001) at 8 weeks. The periostin
level then decreased, but remained above the pre-operative reference level at week
26, when the mean (SD) periostin level was 68.3 (20.7) ng/ml, difference 13.8 ng/ml,

ratio of geometric mean periostin 1.27, P<0.001 (Figure 2.1).
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Table 2.2: Serum periostin levels at time points in joint replacement group, and ratio

of geometric means compared with pre-operative reference baseline value

Change
Periostin from Ratio of geometric
Visit N P
Mean (SD)” Baseline means (95% Cl)
Mean (SD)"
Pre-operative 34 54.2 (18.0) - - -
(reference)
Within 48
31 43.5 (12.5) -11.5 (9.7) 0.80 (0.75 to 0.86) <0.001
hours
Week 1 33 55.5(17.8) 1.4 (12.4) 1.03 (0.97 to 1.10) 0.37
Week 2 32 79.0 (27.0) 24.0 (17.3) 1.44 (1.35to 1.54) <0.001
Week 4 32 97.3(29.2) 43.6 (1.9) 1.83(1.72to 1.96) <0.001
Week 8 31 101.3(31.2) 46.9 (22.6) 1.89 (1.77 to 2.02) <0.001
Week 12 31 89.8 (26.6) 35.3 (16.3) 1.67 (1.57 to 1.79) <0.001
Week 26 31 68.3 (20.7) 13.8(12.8) 1.27 (1.19 to 1.36) <0.001
*Units: ng/ml
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Figure 2.1: Time course of serum periostin levels over 26 weeks in participants who
underwent large joint replacements (including pre-operative reference periostin
values). The red solid line denotes the mean and the red dotted lines denote the 90%

confidence intervals.
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Long bone fracture group

In this group, 22 participants had sustained lower limb long bone fractures and 12
sustained upper limb long bone fractures. In 13 participants there were two or more
fractures, and there was complete data in 30 participants. The mean (SD) length of
time between fracture and the first periostin sample was 1.1 (0.59) days, (range 0 to 2
days). Given the fall in serum periostin level within 48 hours after joint arthroplasty, a
post hoc analysis was conducted using the 26 week value as the reference

measurement. The mean (SD) periostin at 26 weeks was 56 (16.3) ng/ml.

Compared to the 26 week reference value, the mean (SD) periostin level at 48 hours
after fracture was lower at 42.7 (10.6) ng/ml, (difference -13.4 ng/ml, ratio of
geometric mean periostin 0.76, P<0.001) (Table 2.3). Periostin levels at week two were
similar to the 26 week reference values, and then increased progressively to a
maximum of 66.6 (25.1) ng/ml at week 8 (difference 11 ng/ml, ratio of geometric mean

periostin 1.15, P<0.001) (Figure 2.2).
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Table 2.3: Serum periostin levels at time points in long bone fracture group, and

ratio of geometric means compared with week 26 reference level

Change from Ratio of
Periostin
Visit N Baseline geometric P
Mean (SD)"
Mean (SD)’ means (95% Cl)
0.76 (0.71 to
Within 48 34 42.7 (10.6) -13.4 (12.4) <0.001
0.83)
hours
0.81 (0.76 to
Week 1 34 45.7 (11.9) -11.2 (10.9) <0.001
0.88)
0.94 (0.87 to
Week 2 34 52.5(13.0) -3.7 (8.2) 0.12
1.02)
1.10 (1.02 to
Week 4 33 62.0(18.2) -5.8 (10.9) 0.015
1.18)
1.15 (1.06 to
Week 8 34 66.6 (25.1) -11.0 (16.1) <0.001
1.23)
1.11 (1.04 to
Week 12 32 63.9 (21.9) -7.7 (10.9) 0.004
1.20)
Week 26 30 56.0 (16.3) = = =
(reference)
*Units: ng/ml
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Figure 2.2: Time course of serum periostin levels over 26 weeks in participants who
sustained a long bone fracture. The red solid line denotes the mean and the red

dotted lines denote the 90% confidence intervals.
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Short bone fracture group

Of the 34 participants recruited, 24 had complete data. Within this group: nine had
sustained a metacarpal or carpal fracture, five had a metatarsal or tarsal fracture, 16
people had fractured phalanges (11 in the hand, five in the foot), two people had
calcaneus fractures and one person fractured their talus. Three participants had
sustained two or more fractures. The mean (SD) length of time between fracture and
the first periostin sample was 1.29 (0.68) days, (range O to 2 days). The mean (SD)

periostin at 26 weeks was 53 (14.8) ng/ml.

Compared with the 26 week reference value, the periostin level at 48 hours was lower,
with a mean (SD) of 46.1 (10) ng/ml (difference -5.7 ng/ml, ratio of geometric mean
periostin 0.9, P<0.001) (Table 2.4). Periostin levels at week two were similar to the 26
week measurements (mean 49.9 ng/ml, difference -2.4 ng/ml, ratio of geometric mean
periostin 0.97, P=0.37) and did not change significantly after this time point (Figure

2.3).
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ratio of geometric means compared with week 26 reference level

Table 2.4: Serum periostin levels at time points in short bone fracture group, and

Periostin Change from
Ratio of geometric
Visit N Mean Baseline P
means (95% Cl)
(SD)" Mean (SD)"
Within 48 34 46.1 (10.0) -5.7 (14.8) 0.90 (0.85 to 0.95) <0.001
hours
Week 1 32 47.8 (9.6) -3.5(11.2) 0.93 (0.88 to 0.99) 0.021
Week 2 29 49.9 (12.1) -2.4 (7.8) 0.97 (0.93 to 1.03) 0.37
Week 4 28 51.5(14.2) 0.5 (7.3) 1.00 (0.95 to 1.06) 0.87
Week 8 27 50.6 (15.7) -1.0 (6.9) 0.97 (0.92 to 1.02) 0.24
Week 12 27 51.6 (12.1) -0.3 (6.9) 1.00 (0.94 to 1.05) 0.99
Week 26
24 53.0 (14.8) - - -
(reference)
*Units: ng/ml
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Figure 2.3: Time course of serum periostin levels over 26 weeks in participants who
sustained a small bone fracture. The red solid line denotes the mean and the red

dotted lines denote the 90% confidence intervals.
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Comparison between the groups

The periostin levels were similar between the joint replacement and long fracture
groups at 48 hours, but the joint replacement group had higher periostin levels at all

subsequent time points to week 26 (Table 2.5).

The periostin levels were similar between the long bone fracture and short bone
fracture groups at 48 hours to week 2. The long bone fracture group had higher
periostin levels at weeks 4, 8 and 16, but there was no difference between the two
fracture groups at week 26 (Table 2.5). Raw serum periostin values, for all three groups

and all visits, are shown in Tables 2.6, 2.7 and 2.8.
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Table 2.5: Change in serum periostin over time: differences between the three groups

Joint replacement minus Long bone fracture

Difference in Logarithm Ratio of geometric mean

Visit P
Periostin (95% Cl) periostin (95% ClI)
Within 48 hours -0.01 (-0.14 to 0.12) 0.99 (0.87 to 1.13) 0.90
Week 1 0.18 (0.05 to 0.31) 1.20 (1.05 to 1.37) 0.007
Week 2 0.37 (0.24 to 0.51) 1.45 (1.27 to 1.66) <0.001
Week 4 0.47 (0.34 to 0.60) 1.59 (1.40 to 1.82) <0.001
Week 8 0.45 (0.32 to 0.58) 1.57 (1.37 to 1.79) <0.001
Week 12 0.36 (0.23 to0 0.49) 1.43(1.25t0 1.63) <0.001
Week 26 0.19 (0.06 to 0.33) 1.22 (1.06 to 1.39) 0.004
Long bone fracture minus Short Bone fracture
Difference in Logarithm Ratio of geometric mean
Visit P
Periostin (95% Cl) periostin (95% ClI)
Within 48 hours -0.09 (-0.22 to 0.04) 0.92 (0.80 to 1.04) 0.18
Week 1 -0.05 (-0.18 to 0.08) 0.95 (0.84 to 1.08) 0.45
Week 2 0.06 (-0.07 to 0.19) 1.06 (0.93 to 1.21) 0.35
Week 4 0.19 (0.06 to 0.32) 1.21(1.06 to 1.38) 0.005
Week 8 0.28 (0.14 to 0.41) 1.32(1.15to 1.50) <0.001
Week 12 0.21 (0.07 to 0.34) 1.23(1.08 to 1.40) 0.002
Week 26 0.11 (-0.03 to 0.24) 1.11 (0.97 to 1.27) 0.11
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Table 2.6. Raw serum periostin (ng/ml) values for Joint Replacement Group

Visit number
Pre-
ID operative  1(N=31) 2(N=33) 3(N=32) 4(N=32) 5(N=31) 6(N=31) 7(N=31)
(N=34)

1 77.24 62.75 96.42 143.2 153.5 145.5 136.6 92.17
2 85.09 68.58 54.37 81.39 134.5 199.8 148.4 113

3 49.13 39.58 36.37 56.98 86.27 114.9 91.22 61.52
4 61.97 59.16 81.57 131.6 139.9 124.9 109.3 77.95
5 49.14 37.53 44.52 66.45 74.1 79.48 69.05 56.97
6 39.26 36.21 65.69 65.42 67.17 64.79 45.19
7 45.19 39.12 54.11 80.37 90.39 79.68 64.32
8 48.46 40.39 50.41 91.55 106.9 102.6 79.9 61.54
9 35.41 27.47 41.65 42.67 62.23 64.81 55.16 47.76
10 52.71 45.66 64.99 78.15 86.98 75.61 72.55 49.77
11 46.55 32.78 38.2 65.39 74.71 90.9 80.63 65.54
12 74.48 59.88 83.1 111.9 147.2 118.5 123.9 93.05
13 38.55 42.5 42.75 55.07 80.94 69.45 68.41 56.28
14 55.69 40.7 45.36 73.81 76.4 73.64 64.97 64.13
15 39.57 32.78 38.42 51.79 66.87 72.51 64.78 51.95
16 61.4 41.1 47.33 71.31 108.1 133.8 120.8 106.6
17 37.44 30.66 44.91 52.65 77.63 69.28 63.09 46.89
18 45.32 36.27 65.79 100.9 118.9 102.6 100.5 63.65
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

71.47

39.26

34.01

37.15

51.08

60.01

28.84

56.27

85.66

86.83

53.57

37.58

41.05

41

76.91

98.3

55.06

40.75

25.78

29.3

44.94

46.93

26.41

51.26

57.95

70.28

34.83

29.66

34.8

51.32

50.78

86.19

53.91

39.02

45.83

71.75

67.05

42.16

57.18

76.45

78.49

35.58

40.75

45.25

57.88

84.05

117.5

55.21

52.55

73.71

93.62

79.14

72.6

107.5

104.8

48.92

53.34

60.28

86.39

127.9

90.74

78.79

114.5

105.7

103

65.06

83.97

151.7

150.5

63.57

62.43

87.17

89.64

124.8

107.3

88.98

101.4

112.1

120.5

91.54

151.4

145.1

70.48

70

97.71

74.55

113.6

86.27

67.36

89.55

93.43

113.6

88.22

129.4

129.7

56.43

54.23

87.5

73.74

119.8

54.3

42.72

60.25

71.09

74.63

75.96

117.8

102.7

49.99

45.74

68.15

58.75

75.61
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Table 2.7. Raw serum periostin (ng/ml) values for Long Bone Fracture Group

Visit number

ID 1(N=34) 2(N=34) 3(N=34) 4(N=33) 5(N=34) 6(N=32) 7(N=30)
1 44.78 51.26 63.05 68.79 84.41 82.62 68.28
2 50.47 57.12 60.8 67.92 63.33 61.25 63.69
3 51.44 54.24 53.18 54.66 53.35 54.23 54.78
4 32.94 43.08 49.47 57.27 51.39 55.32

5 33.68 53.57 52.71 53.91

6 37.99 35.1 36.62 40.15 39.59 40.34 46.13
7 68.4 69.26 74.49 70.6 76.12 84.37 73.15
8 52 56.91 59.2 66.06 76.74 85.61 67.29
9 34.56 36.52 45.81 51.22 50.71 42.28
10 39.93 45.29 44.43 44.73 44.96 45.41 41.3
11 38.73 43.72 53.97 69.46 76.29 71.99 59.18
12 31.74 34.94 44.57 43.22 34.28 32.74 32.4
13 29.43 28.43 36.54 41.12 42.53 39.76 37.9
14 34.56 35.12 34.81 37.77 39.44 40.43 39.24
15 33.37 34.8 42.81 49.26 41.61 37.45 36.91
16 42.37 41.27 57 78.04 100.7 91.69 76.68
17 42.38 49.14 60.84 70.63 96.54 78.52 60.92
18 27.33 27.12 33.86 44.71 48.46 57.08 50.46
19 41.69 46.77 49.18 49.45 45.42 54.47 51.24
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

48.5

37.39

68.09

35.9

47.57

63.56

39.68

41

47.92

27.75

40.81

34.58

41.47

52.41

57.71

48.76

40.49

68.69

34.57

46.76

69.31

50.34

40.77

39.8

26.34

41.56

33.79

44.59

59.8

64.86

52.35

42.39

72.05

35.81

52.95

70.54

72.77

57.79

50.55

43.02

43.6

39.72

43.56

72.3

83.4

55.43

42.15

76.73

60.48

96

110.8

79.09

60.54

82.45

49.9

45.15

49.57

81.33

96.72

52.78

44.41

70.3

52.57

54.41

104.9

140.5

70.1

85.2

91.59

52.36

49.4

54.26

89.65

103.8

49.59

43.3

81.79

61.18

52.19

91.43

126.2

58.43

70.92

71.67

42.56

46.36

94.17

92

52.62

47.36

38.63

51.6

78.77

89.06

58.93

47.81

45.8

46.95

46.34

98.97

74.5
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Table 2.8. Raw periostin (ng/ml) values for Short Bone Fracture Group

Visit number

ID 1(N=33) 2(N=31) 3(N=28) 4(N=27) 5(N=26) 6(N=26) 7 (N=25)
1 58.94 61.29 58.91 66.46 65.58 64.18 50.41
2 34.34 36.36 37.13 38.74 36.1 35.18 35.79
3 51.49 56.86 57.06 57.26 56.94 52.26 59.96
4 40.4

5 46 46.81 50.31 57.7 45.8 48.75 45.48
6 64.32 61.75 70.61 56.46 53.77 54.68
7 37.98 42.97 42.43 45.26 52.35 53.72 57.77
8 47.56

9 43 41.55 46.6 46.72 49.81 52.31

10 55.42 52.57 52.4 53.39 50.48 55.73 51.99
11 42.5 42.09 42.89 45.24 47.27 39.94 43.59
12 37.4 45.3 49.99 45.89 50.8 53.23 49.87
13 29.43 33.92 34.58 34.43 35.69 35.04 39.29
14 44.52 44.64 47.61 54.64 48.93 50.53 47.92
15 32.46 30.11 36.11 32.62

16 38.93 38.43 35.13 40.17 28.58 43.99 43.17
17 66.79 67.77 64.35 70.55 72.9 69.74 70.98
18 50.46 48.94 42.85 42.46 455 44.75

19 55.51 50.79 51.52 49.07 50.67 51.48
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20

21

22

23

24

25

26

27

28

29

30

31

32

33

67.35

48.4

37.5

42.09

38.29

67.2

37.68

52.1

40.64

45.28

53.42

37.76

45.31

44.52

65.26

44.71

43.84

46.78

40.84

64.15

35.91

50.42

42.48

45.31

52.94

38.68

47.89

45.04

73.51

53.31

41.39

48

81.87

35.98

57.72

43.05

47.11

38.69

49.39

44.41

47.23

44.55

84.82

35.51

56.09

43.88

44.57

44.87

49.4

45.77

40.27

45.51

97.02

33.95

52.43

42.07

44.93

35.11

49.51

44.49

38.33

45.23

82.74

35.61

61.17

47.83

48.14

40.92

55.39

51.77

42.77

42.62

81.15

54.1

47.81

50.1

47.71

52.34
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2.3.6 Discussion

This study has shown that serum periostin levels are influenced by bone injury. A
biphasic response is apparent in which the periostin level fell in the first 48 hours of
injury, and then progressively increased over the following weeks. The magnitude and
duration of this increase in periostin levels was determined by the severity of the bone
injury and associated soft tissue damage, with the periostin level increasing almost
two-fold eight weeks after joint replacement surgery, and still remaining above pre-
surgery reference levels at 26 weeks. The clinical significance of these findings is that a
history of recent bone injury needs to be considered if serum periostin is to be used to

predict response to monoclonal antibody therapy in asthma.

It was not hypothesised that there would be a biphasic pattern with the initial drop of
serum periostin within 48 hours of the index event, or the long duration of the
subsequent progressive increase. However, these findings may be explained by the
mechanisms of bone healing. Bone healing is a complex process involving a cascade of
events and changes in the expression of several thousand genes. The physiological
processes involved in fracture healing occurs in three stages: inflammatory,
proliferative and reparative, and remodelling. The inflammatory phase occurs
immediately, involving haematoma and granulation tissue formation. It is during this
phase where pro-inflammatory molecules such as tumour necrosis factor-a (TNF-au),
interleukin (IL)-1 and IL-6, are secreted promoting angiogenesis and proliferation of

osteoblasts and osteoclasts.'é” The acute inflammatory response peaks within the first
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24 hours and is complete after seven days. The proliferative and reparative phase
involves the proliferation and transformation of periosteal cells, production of a
cartilagenous callus followed by resorption and replacement with new trabecular
bone. During this phase osteogenic molecules, such as BMP-2, up-regulate periostin
synthesis within the periosteum and the soft callus.® Murine models report high
concentrations of periostin mRNA within immature osteoblasts in periosteal tissues
within the first three days of fracture healing.'* This creates a periostin-rich
environment resulting in the proliferation, differentiation and adhesion of
osteoblasts.''® The final process is remodelling, occurring from roughly six to eight
weeks after a fracture, whereby trabecular bone is resorbed by osteoclasts, and then
compact bone is deposited within the resorption pit. During this phase, in mouse

models, the periosteum’s metabolic activity slows,*'? resulting in a fall in periostin.

It is possible that the immediate fall in serum periostin is due to the ‘mopping up’ of
periostin as part of the inflammatory response. Alternatively, early periostin isoforms
secreted by the periosteum may exert paracrine effects and not be measurable in
serum, similar to that observed in cutaneous wound repair, 8 resulting in lower serum
periostin values. The later rise in serum periostin may be due to ongoing up-regulation
of periostin synthesis, through the proliferative and reparative phases, resulting in
excess production of periostin and its release into the circulation. These phases last for
six to eight weeks, consistent with the time course of the peak serum periostin in the
joint arthroplasty and long bone fracture groups occurring eight weeks after bone
injury, after which the levels gradually reduced during the final remodelling phase. The

widespread use of non-steroidal anti-inflammatory (NSAIDs) analgesics intra and post
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operatively, and also after the fractures, may have contributed to the patterns
observed. Through inhibition of prostaglandins, NSAIDs impair or delay bone healing
and decrease the integrity of the healing bone,*’ an effect which may contribute to

the slow and progressive rise in periostin levels.

There are a number of methodological issues that are relevant to the interpretation of
the study findings. Three bone injury groups were studied to enable differing types and
magnitudes of bone and associated soft tissue injury to be examined. The contribution
of soft tissue injury to the changes in periostin levels may have been significant, as
periostin is also secreted by tissue fibroblasts in response to injury.*> Whether the
bone was weight bearing was also likely to be a contributing factor, as mechanical
stress in weight bearing bones is associated with periostin levels.?”® Although 16
participants fractured more than one bone, each participant was allocated to the
group depending on the largest bone fractured, under the assumption that this would

have the greatest influence on serum periostin values.

Joint replacement surgery, which was chosen as the model of the greatest magnitude
of bone and soft tissue damage, also provided the advantage of allowing a pre-injury
periostin measurement to be obtained as a reference baseline. As it was not possible
to obtain a pre-fracture sample from those who had sustained a fracture, the original
intention was to use the 48 hour periostin level as the reference baseline for the
fracture groups, on the assumption that the periostin level would not have changed
from pre-injury reference levels so soon after an injury. However the 25% reduction in

periostin level at this time point in the joint replacement group indicated that this may
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not be the case. It was for this reason that a post hoc decision was made to use the 26

week value as the reference measurement in both fracture groups.

This study recruited non-asthmatic participants, to minimise confounding of Type 2
inflammation on serum periostin levels, if there were exacerbations during the study
period, which are known to influence periostin levels.*’* However, these results should
be generalisable to asthmatics as there are no systematic differences in serum
periostin between asthmatic and non-asthmatic adults.'® Although inhaled and
systemic steroids may have a modest short term effect on serum periostin levels, they
were used in only 5% and 1% of participants respectively, and as long term treatment,

and so this treatment is unlikely to have influenced the results.

In summary, serum periostin was influenced by bone and soft tissue injury, with a
biphasic response, characterised by an initial fall in periostin levels in the first one to
two weeks, followed by a progressive increase in serum periostin which peaked at
eight weeks, and in the case of bone and soft tissue injury associated with joint
replacement surgery, was present for at least 26 weeks. These findings are clinically
relevant if a pre-defined cut-point of serum periostin is used to determine treatment
eligibility to monoclonal antibody therapy directed against IL-4Ra, IL-13 and IgE in

asthma.
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2.4 Study Two: Change in serum periostin after tooth extraction

2.4.1 Introduction

Periostin is significantly upregulated at pressure sites after experimental tooth
movement in rats. However it remains unclear if there is a change in serum levels in
humans in response to dental insults. Variations to serum periostin levels after tooth
extractions would be an important consideration if serum periostin was to be used as a

clinical biomarker in asthma.

2.4.2 Hypothesis

Given that serum periostin levels were not significantly affected by short bone
fractures, it was hypothesised that it was likely to change following a surgical tooth

extraction but not after a simple extraction.

2.4.3 Objectives

To determine:
* The magnitude of change in serum periostin following a simple or surgical tooth
extraction;
* The difference in magnitude of change between the two groups;
* The time taken for serum periostin to return to pre-operative levels in both

groups.
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2.4.4 Methods

This cohort study recruited 68 participants aged 18 to 75 years, from the Wellington
region who were scheduled to have a dental extraction. Participants were recruited via
the Wellington hospital dental department as well as participating private dental

surgeries.

Participants were divided into two groups, depending on the type of surgery they
received: simple extraction group and surgical extraction group. A simple tooth
extraction included any procedure resulting in the removal of the tooth without having
to drill into the mandible. A surgical tooth extraction included any surgery which
required cutting into bone to remove the tooth. Participants were not recruited if they
had conditions expected to affect their serum periostin levels. These included: a
Doctor’s diagnosis of asthma, chronic bronchitis or COPD; wheeze or the use of
respiratory inhalers in the past 12 months; hospital admission, significant surgery
(including dental surgery), use of systemic corticosteroids or bone fracture all within
three months prior to enrolment. Participants were not recruited if they were

pregnant or breastfeeding.

Ethical approval was given by the Central Ethics Committee of New Zealand

(13/NTB/197). The trial was prospectively registered with the Australia New Zealand

Trials registry (ACTRN12614000152628) and written informed consent was obtained
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from all participants prior to testing. For the full information sheet and study protocol,

see Appendices Il and IV.

Participants attended the MRINZ outpatient facility over a 12 week period. The
enrolment visit occurred up to one week prior to the scheduled extraction date
(baseline measurement), followed by visits scheduled for one, two, three, four, six and
12 weeks after the dental extraction. At the initial visit, participants completed a
General Health Questionnaire (Appendix IX), which was based on questions from the
American Thoracic society (ATS) Division of Lung Diseases-78 Questionnaire (DLD-78) ¢
and measurement of their BMI. Serum periostin was measured at every study visit and
was determined using the clinical trial version of the Elecsys® Periostin Immunoassay

(Roche Diagnostics, Penzbery, Germany) described previously.'*®

Sample size

The clinically important difference in serum periostin is not known. Therefore the
sample size of 68 participants was based on 90% power to detect a 0.8 standard

deviation difference, which can been considered a ‘large’ effect size difference.

Statistical methods

The distribution of periostin was right skewed and was logarithm transformed for
analysis. The analysis of the differences in periostin measurements was carried out on
the logarithm transformed scale. The exponent of a difference in logarithms can be

interpreted as the ratio of geometric means. Mixed linear models were used to
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estimate the difference from baseline in logarithm periostin from the measurement,
with individual participants as random effects. In a model to assess the effect of
extraction type, an initial model with an interaction term was fitted. In the event there
was no evidence of an interaction, logarithm periostin averaged over all measurement

times was estimated.

SAS version 9.4 was used.
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2.4.5 Results

Participant characteristics are described in Table 2.9. 68 participants scheduled for
tooth extraction were recruited. However one patient withdrew during the first visit,
after enrolment, on finding out a tooth extraction was not necessary and so baseline
data was not collected. Three other participants were withdrawn by study
investigators after the first visit due to their extractions being cancelled, two patients
requested withdrawal from the study after the first visit and two patients were lost to

follow up.
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Table 2.9: Summary of participant characteristics in Study Two

Simple extraction group Surgical extraction group

Continuous variables
Agel: mean (SD) N=41 44.9 (14.6) N=26 32.7(13.3)
BMI2: mean (SD) N=40 27.5(5.4) N=24 26.8(5.3)

Categorical variables

Female (%) N=41 23(56.1) N=26 19 (73.1)
Atopy? (%) N=41 14 (34.2) N=26 18 (69.3)
Non-smoker (%) N=41 20 (49) N=26 16 (62)
Ethnicity N=41 N= 26
European (%) 34 (82.9) 18 (69.2)
Maori (%) 4 (9.8) 2(7.7)
Pacific (%) 0 (0) 1(3.9)
Other (%) 2 (4.9) 1(3.9)
Steroid medication* N=41 5 (12.2) N=26 0(0)

1 Age: years

2 BMI: kg/m2

3 Atopy defined as a history of seasonal rhinoconjunctivitis and/or eczema
4 Participants who took corticosteroid containing medication for any reason during the study period

SD: standard deviation, IQR: interquartile range, BMI: body mass index, ng: nanogram, ml: millilitre.
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Simple tooth extraction group

There were 41 participants in the simple extraction group. The mean age was 44.9
years, ranging from 20.1 to 72.1 years. The mean BMI was 27.5kg/m?2. Over half of this
group were female (23/41; 56.1%) and smoked (21/41; 52.2%). 14 participants gave a
history of atopic conditions such as eczema or rhinoconjunctivitis. Five people reported
taking a steroid containing medication during the study for eczema, rhinitis and a

‘blocked ear’.

Pre-extraction, the mean (SD) serum periostin was 46.4 (10.9) ng/ml, ranging from
21.1 to 74.3ng/ml. Post-extraction, this climbed to a mean (SD) of 48.3 (9.4)ng/ml two
weeks later (Figure 2.4). 12 weeks after the tooth extraction, mean (SD) periostin was

47.6 (10.5) ng/ml (Table 2.10).
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Table 2.10: Periostin values for the simple and surgical dental extraction groups

Visit

N

Periostin mean (SD)

Simple tooth extraction group

1 week pre-operative (baseline)
Week 1
Week 2
Week 3
Week 4
Week 6

Week 12

Surgical tooth extraction group

1 week pre-operative (baseline)
Week 1
Week 2
Week 3
Week 4
Week 6

Week 12

41

39

34

36

38

38

38

24

21

23

21

23

22

20

46.4 (10.9)
46.3 (10.4)
49.0 (10.1)
48.3 (10.5)
48.0(10.1)
48.0 (10.4)

47.9 (10.9)

48.5 (9.9)
44.8 (9.5)
47.7 (9.0)
48.6 (10.2)
47.0 (8.4)
47.3(9.1)

45.6 (7.7)
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Figure 2.4: Box-plot diagram illustrating serum periostin values by week for those

who had a simple tooth extraction
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Surgical tooth extraction group

There were 26 participants in the surgical extraction group. The mean age was 32.7
years, ranging from 20.1 to 67.1 years. The mean BMI was 26.8kg/m?2. Over half of this
group were female (19/26; 73.1%); 10/26 (38.5%) were current smokers; and no
participant reported taking and steroid-containing medication for the duration of the

study.

Pre-extraction, the mean (SD) serum periostin was 48.5 (9.9) ng/ml, ranging from 34.2
to 68.0 ng/ml. Post-extraction, it peaked to a mean (SD) of 48.6 (10.2) ng/ml at three
weeks (Figure 2.5). At 12 weeks after the tooth extraction, the mean (SD) serum

periostin was 45.6 (7.9) ng/ml (Table 2.10).

Figure 2.5: Box-plot diagram illustrating serum periostin values by week for those

who had a surgical tooth extraction
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Comparison between surgical and simple extraction groups

Comparison between the two groups revealed no difference in serum periostin,
represented by a ratio of geometric mean periostin (95% CI) of 1.00 (0.96 to 1.04),
P=0.85. Additionally, there was no evidence of an interaction between the type of
extraction and time (P=0.92). Given that there was no difference between the surgical
extraction group and the simple extraction group, analysis estimating a difference in
serum periostin between the weeks was done on all participants (Table 2.11). There
was no statistical difference between pre-extraction periostin values and any post-
extraction measurement, represented by a maximal ratio of geometric mean periostin

(95% ClI) of 1.02 (0.95 to 1.10), with all with an overall P=0.70.

Table 2.11: Estimates of change of serum periostin from baseline for both groups

Visit Difference in Log Periostin Ratio of Geometric Mean P
(95% CI) Periostin (95% Cl)

Week 1 -0.036 (-0.107 to 0.035) 0.96 (0.9 to 1.04) 0.32
Week 2 0.023 (-0.049 to 0.096) 1.02 (0.95 to 1.10) 0.53
Week 3 0.021 (-0.051 to 0.093) 1.02 (0.95 to 1.10) 0.57
Week 4 0.017 (-0.054 to 0.088) 1.02 (0.95 to 1.09) 0.64
Week 6 0.02 (-0.051 to 0.091) 1.02 (0.95 to 1.10) 0.58
Week 12 0.002 (-0.069 to 0.074) 1.00 (0.93 to 1.08) 0.95
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2.4.6 Discussion

The finding that serum periostin levels were not affected by tooth extractions,
regardless of the type of extraction, contrast with those relating to major bone and
soft tissue injury, in which a biphasic response is observed (Study One). They suggest
that, although periostin is a matricellular protein that responds to mechanical stress
and is increased at pressure sites within the PDL,*** the magnitude of the local injury is

insufficient to cause an increase in the serum periostin levels.

These results may be due, in part, to participants having concurrent periodontal
inflammation, which results in down-regulation of periostin expression in the PDL in
rat models.'”? A limitation of this study was the fact that a detailed dental history was
not taken from subjects at enrolment. However, from these results, it is clear that
localised changes to periostin at the PDL in rats are not replicated in serum levels in
humans, suggesting that concurrent periodontal inflammation may not have been a
significant confounder in this study. Another limitation was that the effect of multiple
tooth extractions was not accounted for. However, given the lack of change in serum
periostin shown overall, further subdivision of the data would likely result in Type I
error from multiple statistical testing. This study was conducted in non-asthmatic
adults. However it has previously been demonstrated that serum periostin does not
differentiate between asthma and non-asthma,'® therefore these findings are
applicable to an asthmatic population. Finally, our participants were predominantly

New Zealand European and so these results may not be generalisable to other races.
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In conclusion, serum periostin levels did not vary following tooth extraction in non-
asthmatic adults, which is noteworthy if it is to be used as a biomarker in predicting

responsiveness to monoclonal antibody therapy in asthma.

95|Page



Chapter 3: Periostin as a biomarker

Potential uses of periostin as a biomarker in asthma could be:
* For use as a diagnostic marker in Type 2 asthma;
* To differentiate between asthmatics of varying severity, and;

* To identify potential responders to asthma treatment.

To date, there is conflicting evidence with regards to serum periostin being used as a
diagnostic marker in asthma. Study groups in Japan have found that asthmatics have
higher mean serum periostin levels than those with no respiratory disease.?”'’
Furthermore, those with increased serum periostin levels were more likely to have
severe disease, on a higher treatment step and suffer with a greater rate of severe
exacerbations.” These findings have not been replicated in studies in predominantly
Caucasian populations%19%174 who have found that serum periostin was not useful in
the diagnosis of asthma, nor could it discriminate between those with more severe
forms of the disease from those without. Asthmatics in randomised controlled trials,
designed to examine the efficacy of agents directed against the Type 2 pathway, have
demonstrably similar mean serum periostin levels regardless of how severe their
asthma, or their phenotype.>®*¢° It remains unclear why these findings are so

conflicting.
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Serum periostin is currently measured using assays which have yet to be clinically
validated. There are multiple assays available, each employing a slightly different
monoclonal antibody (or combination of monoclonal antibodies) that target different
epitopes of periostin  in a sandwich immunoassay either using
electrochemiluminescence technology!*® or an enzyme-lined immunoabsorbent assay
(ELISA).*¢ Whilst these tests have been shown to have good reproducibility (1.7% to
3.1% and 1.5% to 3.3%, respectively), it is not clear if there are differences in their
limits of quantification of serum periostin, as there have been no head to head studies
comparing the assays. Alternatively, ethnicity may play a role in determining serum
periostin level, where those of European descent have lower levels than their East

Asian counterparts, regardless of asthma state.

Recently, two large cross-sectional studies reported reference ranges for serum
periostin both in an adult group without asthma'* and in an adult group with
symptomatic airflow obstruction.'® In both these studies, participants who identified
as being ‘Asian’ had a trend towards higher serum periostin levels than their Caucasian
counterparts. However, the interpretation of these findings was difficult, as in both
studies the proportion of people from an Asian background was small, comprising
34/480 (7%) and 9/386 (2%) of the clinical cohorts, respectively, and the origin of the
Asian participants was not further defined. As yet, no studies have investigated

whether serum periostin differs between ethnicities.

The intra-participant variability of serum periostin over time would be an important

characteristic to define if periostin was to be used as a biomarker in asthma. The other
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Type 2 biomarkers have been well characterised in this sense with blood eosinophils
demonstrating diurnal variation,”>-*”? FeNO varying up to 20% within an individual®
and serum IgE levels changing in response to multiple environmental® and seasonal®!
factors. A desirable feature of periostin would be to have little intra-participant

variability, in the absence of unstable asthma.

Periostin has been shown to be a useful marker of identifying responders to
monoclonal antibody therapy directed against IL-13,5%>* IL4-Ra*? and IgE.¢° Those with
periostin levels of greater than 50ng/ml showed an almost 10% improvement in their
lung function whilst on treatment with anti-IL-13% and a 30% reduction in
exacerbation rate whilst receiving anti-IgE therapy.¢’ However, given that mean serum
periostin levels in a non-asthmatic population is 51.2ng/ml,** further research needs
to be undertaken to identify potential cut-points for initiating treatment with

monoclonal antibody therapy.

The main questions being addressed with the following studies are:
* |s serum periostin higher in Chinese adults?
* Does serum periostin vary within an individual over time, whilst their asthma is
well controlled?
* Is the currently employed arbitrary cut-point of 50ng/ml suitable for initiating

monoclonal antibody therapy in asthmatics with poorly controlled asthma?
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3.1 Study Three: Serum periostin levels in adults of Chinese descent

3.1.1 Introduction

Reference ranges for serum periostin have been defined for non-asthmatic and
asthmatic groups in which a trend of higher periostin levels in Asians was observed.
The clinical utility of periostin measurements depends on better understanding of

factors that may affect serum periostin levels, such as race.

3.1.2 Hypothesis

The hypothesis was that serum periostin levels would be significantly higher in Chinese

participants that in their Caucasian counterparts.

3.1.3 Obijectives

To determine:
* A reference range for serum periostin in adult Chinese participants both with
and without asthma
*  Whether periostin levels differed in Chinese with and without asthma
*  Whether country of birth influenced serum periostin levels in the Chinese

groups.
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3.1.4 Methods

This was a two-centre, cross-sectional study which recruited Chinese adults, aged 18 to
75 years, from the Greater Wellington and Auckland regions. To be eligible for
inclusion, participants were required to self-report both their own, as well as their
parents’, race as Chinese. The study consisted of 188 Chinese participants, divided into
non-asthma and asthma groups. For each Chinese group there was a comparator
Caucasian group comprising participants who self-reported their race as New Zealand

European, derived from previous studies. 0174

For both Chinese groups and the Caucasian non-asthmatic group, participants were
excluded if they were current smokers, or former smokers with a smoking history of
greater than 10 pack years; underwent surgery (including dental surgery), were
admitted to hospital, sustained a bone fracture or received systemic corticosteroids
within three months of enrolment; were pregnant or breastfeeding; or had an active
(within three weeks prior to the study visit) respiratory tract infection, as these

scenarios might influence serum periostin levels.

Non-asthmatic group: 120 Chinese participants, without a doctor’s diagnosis of asthma
or COPD, with at least 20 participants (10 male and 10 female) recruited to each of the
following age bands: 18-30, 31-45, 46-60 and 61-75 years. 420 Caucasian adults,

without a doctor’s diagnosis of asthma or COPD, aged 18-75 years, were derived from
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a previous study identifying reference ranges of periostin in an adult non-asthmatic

population.”4

Asthmatic group: 68 Chinese participants with a doctor’s diagnosis of asthma whose
current asthma treatment was either of: (i) short-acting beta agonist (SABA) only, or
(ii) SABA and at least one controller. 170 Caucasian adults, with a doctor’s diagnosis of
asthma and aged between 18-75 years were derived from a previous study of an adult
population with symptomatic airflow obstruction,’® and were stratified as above,

based on their current asthma treatment.

Ethical approval was given by the Central Regional Ethics Committee of New Zealand
(13/NTB/190). The trial was prospectively registered with Australian New Zealand
Clinical Trials Registry (ACTRN12614000122651) and written informed consent was
obtained from all participants prior to testing. For the full information sheet and
protocol, see Appendicies V and VI. Participants attended the nearest research facility
for a single visit for assessment of medical history, completion of a genogram to
document race and country of birth, measurement of spirometry and FeNO, and blood
sampling for measurement of full blood count (FBC), creatinine and electrolytes, serum
IgE and serum periostin. Asthmatic participants answered additional validated
respiratory health questionnaires, Asthma Control Questionnaire (ACQ-5)*%? and
Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ-S),!8?
(Appendices X and Xl) to establish their current asthma control. The ACQ-5 is a five
point questionnaire, validated by Juniper and group in 2005, after surveying 1323

people (aged 12 years and older) with asthma, and comparing points scored to the
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‘gold standard’ composite scoring system based on international guidelines defining
well controlled and poorly controlled asthma. The psychometric properies of this
guestionnaire was found to be concordant with the ‘gold standard’. Similarly, the same
research group proposed the use of the AQLQ in 1996 as a tool for use in clincal trials
as a questionnaire measuring quality of life among asthmatics. This was validated
among 40 adult asthmatics with symptoms in a nine week observational study in 1996.
Both questionnaires are widely used in cinical trials when meauring asthma control

and functional activity. Medication history for all participants was recorded.

Spirometry and FeNO

Spirometry was performed for measurement of FEV, and FVC using a Masterscreen
Pneumo (Masterscreen Version 2.0, Carefusion, Germany) in accordance with the ATS
guidelines.®® FEV, percent predicted values were calculated using the Global Lung
Initiative equations.'® FeNO was assessed using a nitric oxide monitor (NiOX, Aerocrine

AB, Sweden) according to ATS guidelines.?

Blood samples

All participants, including from the previous cohorts, underwent venepuncture for
measurement of serum periostin, which was determined using the Elecsys® Periostin
immunoassay (Roche Diagnostics, Penzberg, Germany) described previously.*> Blood
samples were coagulated, centrifuged and serum aliquots stored at -80°C prior to

analysis.
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FBC and differential (Sysmex platform, Mundelein, USA), urea and electrolytes (Roche,
Cobas 501, NZ) and IgE (Roche modular, Indianapolis, USA) were performed

immediately in local laboratories.

Study Power

The sample size of 120 non-asthmatic Chinese adults (60 male; 60 female) was based
on the recommendations of the Clinical and Laboratory Standards Institute,® to allow
90% confidence intervals to be computed by non-parametric methods if normal
distribution assumptions were not met. Based on the standard deviation (SD) of
logarithm periostin of 0.22, a sample size of 120 Chinese participants and 420
Caucasian participants had 90% power with alpha 5% to detect a difference in mean

logarithm periostin of 0.074 which is equivalent to a ratio of mean periostin of 1.08.

Statistical Methods

Data descriptions for continuous variables were by mean, median and minimum to
maximum ranges. Some of the variables, such as serum IgE, FeENO and serum periostin,
with skewed distributions were better analysed on the logarithm transformed scale.
For univariate comparison of continuous variables by dichotomous variables, t-tests
were used, based on a logarithm transformation when needed. For completeness, for
those variables analysed on the logarithm transformed scale, the univariate
association by a Mann-Whitney test and Hodges-Lehmann estimator of location shift
were also shown. Univariate comparison of categorical variables was by estimation of

relative risk. Where a logarithm transformation of a response variable was carried out,

103|Page



the exponent of this was shown and was interpreted as the ratio of geometric means.
Estimates of the mean and median periostin levels and 90% confidence intervals for
prediction were determined for the Chinese non-asthma group with an analysis of
variance (ANOVA). The sex and age adjusted reference range for periostin was
estimated by analysis of co-variance (ANCOVA). We performed the analysis on the
logarithm transformed scale with a back transformation to establish the 90%
confidence interval for prediction. An estimate of the difference between the Chinese
and Caucasian groups was calculated by a general linear model (ANOVA). An
exploratory analysis was done to examine the effects of country of birth on serum
periostin levels. Finally, ANOVA and ANCOVA were used to examine the association
between periostin (using logarithm periostin as the response variable) and the
interaction between race and asthma status without (ANOVA) and with (ANCOVA)

adjustment of the continuous co-variates BMI and FEV,% predicted.

SAS version 9.4 was used.
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3.1.5 Results

The flow of Chinese participants through the study is shown in Figure 3.1. Participants
were recruited between May and November 2015 from both sites. A total of 182
people were screened, of which nine were excluded for either not taking medication or
declining to participate. 12 participants, who self-identified as Chinese from a previous
study'* were included in the Chinese non-asthma group, and were part of the final
analysis. A total of 185 Chinese participants had complete data, which was analysed

and is presented here.

Chinese non-asthma and Caucasian non-asthma groups

Participant characteristics are described in Table 3.1. The Chinese non-asthmatic group
had more females (77/118, 68% of total) and a lower mean BMI than the Caucasian
group. Atopic conditions, such as seasonal rhinoconjunctivitis or eczema, were less
prevalent in the Chinese group, 32.2%, compared to 48.3% in the Caucasian group. The
distribution of serum IgE and FeNO, like periostin, were highly skewed and better
analysed on the logarithm transformed scale. Serum IgE was higher in the Chinese
non-asthmatic group compared to the Caucasian group. There was no difference

between the groups with respect to peripheral blood eosinophils or FeNO.
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Figure 3.1: Flow of Chinese participants through the study

Assessed for eligibility

N=182
Excluded n=9
Asthmatic but not on current
medication (n=1)
Declined (n=8)
Enrolled
N=188
Asthma Non-asthma
N=68 N=120
Excluded n=2
1 excluded
as not on 1 excluded as non domicile in NZ
active ] 1 excluded as smoking history >10 | |
treatment pack years
Analysed Analysed
N=67 N-118
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Table 3.1: Participant Characteristics of Non-Asthma groups

CHINESE CAUCASIAN Difference
VARIABLE N Mean (SD) Min to Max N Mean (SD) Min to Max (95% CI)* P
Age (years) 118 42.2 (17.6) 18 to 73 420 46.4 (16.9) 18 to 74 -4.3 (-7.8 to -0.8) 0.017
BMI (kg/m?) 118 23.4 (3.5) 17.6 to 33.6 420 26.1(4.7) 18.2to 57.5 -2.7 (-3.6 to -1.8) <0.001
FEV1/FVC ratio* 118 0.83 (0.08) 0.61to 1.26 419 0.77 (0.07) 0.48 to 0.99 0.05 (0.04 to 0.07) <0.001
FEV1 % 117 104.9 (13.7) 64.0to 135.9 419 103.7 (12.4) 71.3to 148.5 1.25(-1.36to 3.85) 0.35
Serum periostint (ng/mL) 118 59.6 (15.4) 22.1to 132.1 420 50.9 (12.1) 28.1to 136.4 8.8 (6.1to 11.4) <0.001
FeNO' (ppb) 118 28.8 (34.2) 5.0 to 300.0 420 23.3(14.1) 2.5t099.0 5.5 (1.36 to 9.64) 0.009
Serum IgET (U/L) 118 270.9 (717.8) 2.0to 5888 420 94.3(247.3) 0.5to 2608 176.6 (94.7 to 258.6) <0.001
Blood eosinophils 117 0.15 (0.12) 0to 0.72 419 0.16 (0.12) 0to 0.8 0.1(0.1t00.2)

x10%/L (units)

* Comparison of variables using t-test: Chinese minus Caucasian means

1 Better analysed on the logarithm transformed scale

} Based on pre-bronchodilator spirometry

Abbreviations: SD: Standard deviation; IQR: Interquartile range; 95% Cl: 95% confidence intervals; BMI: Body mass index;

FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; FeNO: Fractional exhaled nitric oxide; IgE: Immunoglobulin E
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The median (interquartile range; IQR) serum periostin level was higher in Chinese non-
asthmatics, 57.0 (50.3 to 67.9) ng/ml, than in Caucasian non-asthmatics, 49.7 (42.8 to
56.5) ng/ml. The Hodges-Lehmann estimate (95% Cl) of the difference was 8.2 (5.8 to
10.6), P<0.001. Figure 3.2 shows comparative frequency histograms of logarithm

transformed serum periostin in Chinese and Caucasian asthmatics.

In the Chinese non-asthma group, periostin levels were sex-, but not age-dependent,
with females having higher periostin levels. Using the mean age in this group
(42.2years), the back-transformed individual predicted (90% Cl) reference range for
periostin in females was 61.1ng/ml (41.6 to 89.8) ng/ml and in males was 53.2ng/ml
(36.1 to 78.3) ng/ml. There was an inverse relationship between logarithm serum

periostin and BMI (r=-0.28, P=0.002) in the Chinese non-asthma group.

Chinese asthma and Chinese non-asthma groups

Participant characteristics for asthmatic participants are shown in Table 3.2. The
Chinese asthma group had a higher proportion of males, 37/67 (55%), and were
younger than the Chinese non-asthmatics. A history of atopic conditions was more
prevalent in Chinese asthmatics, 48/67 (71.6%). Mean levels of peripheral blood
eosinophils (0.29x10°/L), FeNO (64.4ppb) and serum IgE (537.6U/L), were higher in
Chinese asthmatics than non-asthmatic Chinese (0.15x107/L, 28.8ppb and 270.0U/L,
respectively). There was no significant difference in serum periostin between the
Chinese asthma and non-asthma groups, median 56.8ng/ml and 57.0ng/ml

respectively, with a Hodges-Lehmann estimate of (95%Cl) -0.1 (-4.2 to 4.2), P=0.94.
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Figure 3.2: Histograms illustrating the differences between distribution of serum
periostin between Chinese (n=118) and Caucasians (n=420) without asthma. Median
periostin levels were higher in Chinese non-asthmatics compared to Caucasian non-
asthmatics.
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Table 3.2: Participant Characteristics of Asthma Groups

VARIABLE CHINESE CAUCASIAN
N Mean Min to N Mean (SD) Min to
(SD) Max Max
37.3 18.4 to
Age (years) N=67 67 170 46.0(14.5) 19to 75
(16.3) 72.4
24.9 17.6 to 15.7 to
BMI (kg/m?) 67 170  27.7 (6.7)
(3.9) 37.4 57.1
0.74 0.43to 0.38to
FEV1/FVC ratio* 67 170 0.72 (0.11)
(0.11) 0.96 0.95
95.3 50.1to 32.6to
FEV1 % predicted 67 170 83.1(16.3)
(16.6) 130.5 121.8
Serum periostint 59.9 36.4 to 15.0 to
67 170 58.9 (19.9)
(ng/mL) (15.3) 128.2 148
64.4 7.0 to 2.7 to
FeNO' (ppb) 67 170 39.3(33.2)
(54.8) 242 194.1
537.6 7.0 to 372.8 1to
Serum IgEt (U/L) 66 170
(632.9) 3454 (1429.0) 18083
Blood eosinophils x 0.29 0.02 to
67 170 0.27(0.22) Oto 1.5
107/L (units) (0.19) 0.78

*Based on pre-bronchodilator measurements

1 Better analysed on the logarithm transformed scale

Abbreviations: SD: Standard deviation; IQR: Interquartile range; 95% Cl: 95% confidence intervals; BMI: Body mass index;

FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity; FeNO: Fractional exhaled nitric oxide; IgE:

Immunoglobulin E
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Of the 185 Chinese participants with periostin data, 93 participants were born in New
Zealand and 92 participants were immigrants to New Zealand. All participants had
lived in New Zealand for at least one year prior to enrolment into the study. As there
was no difference in serum periostin between the Chinese asthma and non-asthma
groups, this analysis was performed on all Chinese participants, irrespective of their
asthma status. There was no difference in periostin levels between those who were
born in New Zealand and those born elsewhere, with a Hodges-Lehmann estimate

(95% Cl) of -1.3 (-5.1 to 2.6), P=0.51, (Figure 3.3).

Figure 3.3: Box-plot of serum periostin by country of birth for both non-asthmatic
and asthmatic Chinese participants (n=185). The symbol is the mean, the horizontal
lines are the 25th percentile, median and 75th percentile, and the whiskers extend
from the minimum to maximum values. There was no difference in serum periostin

levels between Chinese born in New Zealand versus Chinese born elsewhere.
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Chinese asthma and Caucasian asthma groups

The Chinese asthma group had a lower BMI than the Caucasian group and a higher
mean FEV,/FVC ratio and higher FEV,% predicted values. Spirometric differences were
consistent with a lower proportion of Chinese participants being on Global Initiative for
Asthma (GINA) treatment Step 2 or higher; 33/67 (49%) in the Chinese group and
106/170 (62%) in the Caucasian group. There was evidence of modest interaction
between race and asthma status on serum periostin levels with an unadjusted value

P=0.01, and a value of P=0.024 after adjustment for BMI and FEV,% predicted.

With respect to biomarkers of Type 2 asthma, median serum periostin levels between
the two groups were similar (56.8ng/ml in Chinese and 54.9ng/ml in Caucasians).
Blood eosinophils were similar with means (SD) of 0.29 (0.19) x10%/L and 0.27 (0.22)
x10%/L in Chinese and Caucasian asthmatics. However, FeNO and IgE were higher in
Chinese asthmatics with a mean (SD) FeNO of 64.4 (54.8) ppb and IgE 537.6 (632.9) U/L

compared to 39.3 (33.2) ppb and 372.8 (1429) U/L in Caucasian asthmatics.
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3.1.6 Discussion

The main findings of this study were that there was no difference in periostin levels
between Chinese adults with and without asthma and that serum periostin levels were

higher in non-asthmatic Chinese compared to non-asthmatic Caucasians.

Serum periostin levels were similar in the Chinese asthma and non-asthma groups with
median values 56.8ng/ml and 57.0ng/ml respectively. This finding is in agreement with
previous studies undertaken in predominantly Caucasian participants!®4 where
periostin could not discriminate between asthmatic and non-asthmatic groups,
suggesting that measurement of periostin is not useful in establishing a diagnosis of

asthma.

Serum periostin levels were higher in Chinese, irrespective of the participant’s country
of birth. This finding is consistent with previous studies®4%%7 which have found
higher serum periostin levels in those of Asian origin. Together with studies that
described polymorphisms of the POSTN gene influencing serum periostin levels,?’ this
suggests that genetic background plays a key role in determining levels of serum
periostin. The clinical relevance is that race may be an important factor to consider

when interpreting serum periostin values.

In the Chinese non-asthma population periostin levels were sex-dependent, with

females having higher periostin levels. This was an unexpected finding as it was not
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observed in the previous study of a predominantly Caucasian population without
asthma,* which was a larger study defining a reference range for non-asthmatic
adults. It is possible that differences in key environmental or personal characteristics
that influence serum periostin levels may differ between Chinese and Caucasian
people, based on sex. However, the most likely explanation for this difference is
chance. To clarify the uncertainty, further robust data describing sex-dependent
reference ranges in Chinese and other populations defined by racial background will be

useful.

The observation that serum periostin was similar between the Chinese and Caucasian
asthma groups is difficult to interpret given that the two groups were recruited using
different methodology. The Caucasian asthmatics were recruited from the electoral
roll and were not excluded if they underwent surgery or dental procedures, or
sustained bone fractures prior to enrolment and had less severe asthma, as periostin
was not the main focus of this study.'® Consequently, formal statistical analysis was
not performed between these asthma groups, as any meaningful conclusion would be
difficult to interpret given the different approaches to recruitment between the two
groups of participants. However, the serum periostin was processed in the same way,

utilising the same assay.!*

The finding that different patterns for other Type 2 biomarkers between the groups
were observed supports previous observations that these biomarkers may identify
different aspects of Type 2 mediated inflammation.'74188-1% Between non-asthmatics,

the periostin and serum IgE were higher in Chinese compared with Caucasians,
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whereas there was no significant difference in FeNO or blood eosinophils. In the
Chinese population those with asthma had higher levels of FeNO, IgE and blood

eosinophils, but not periostin, when compared with those without asthma.

The observation of a higher serum IgE in Chinese compared with Caucasian
populations is consistent with previous findings identifying differing serum IgE levels
between races and socio-economic groups’*-'® and specifically a trend towards higher
serum IgE in Chinese compared with ‘White’ people in England.**® Smoking, which is
associated with elevated levels of serum IgE'* was not a confounding factor in our
study as current smokers, or former smokers with a pack year history of over ten
years, were excluded. Whilst IgE is a marker of atopy, there are also likely to be genetic
factors affecting the expression of serum IgkE which may explain the differences seen
between races. The finding that blood eosinophil levels were similar in Chinese and
Caucasians without asthma is consistent with the previous observation that blood
eosinophil levels are comparable between ethnicities, including ‘Orientals’ (defined as
those who were from South East Asia, or who identified as Chinese). ' Our finding of
similar FeNO levels between Chinese and Caucasians without asthma adds to the
literature of inconsistent findings between FeNO and race.'?-**? Although some groups
have reported significantly elevated FeNO in Asians versus their Caucasian peers in
both asthmatic’¥” and non-asthmatic'”? children, the National Health and Nutrition
Examination Survey (NHANES) cohort'” found only a difference between races in
children, but not in adults, in a population free of respiratory diagnoses. In summary,
each Type 2 biomarker had different patters between races, which highlights inherent

difficulties with surrogate biomarkers, in that they may reflect an inflammatory
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process, but they are also subject to influence by other factors such as race and
environment. In this study, race may play a more important role with level of Type 2

biomarkers than asthma status.

Some of the associations we have found should be interpreted cautiously. As this was
an exploratory study investigating a potential difference in serum periostin levels
between Chinese and Caucasian populations, performing multiple statistical tests may
have resulted in Type | error inflation. Secondly, we recruited people who self-reported
their race as Chinese. To mitigate against issues around race identity, participants
completed a genogram in which both parents were required to identify as Chinese.
Thirdly all participants were resident in New Zealand for at least a year prior to
enrolment, in order to minimise potential confounding of environmental factors, such
as indoor or outdoor air pollution, on serum periostin levels. Consequently, these
results may not be generalisable to Chinese people domiciled outside of New Zealand.
Despite data from different participant cohorts being used in this study, serum for
periostin levels were processed and stored using the same methodology as described
previously.** In addition, periostin was measured using the same assay in a central
laboratory for all participants.'*> The inter- and intra-assay coefficients (CVs) range
from 1.5 to 3% and 2.8 to 5.3%, respectively across a broad range of periostin
concentrations in human serum.*®* Finally, the Chinese asthmatics had less severe
asthma as measured by FEV,% predicted and asthma medication use, although this is
unlikely to be of significance, as serum periostin levels are not related to asthma

severity.100.101
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In conclusion, serum periostin levels are higher in a Chinese non-asthmatic population
compared with a Caucasian non-asthmatic population, suggesting that genetic
background may influence serum periostin levels. Further study is recommended to
determine serum periostin reference ranges in different racial groups, and whether or
not cut-points, which determine responsiveness to monoclonal antibody therapy

against IL-13, IL-4Ra and IgE, should be adjusted to take race into account.
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3.2 Study Four: Longitudinal variation of serum periostin in adults

with stable asthma

3.2.1 Introduction

A good biomarker has minimal variability when the biomarker-related disease is stable.
Serum periostin is a biomarker of responsiveness to monoclonal antibody therapy
directed against IL-13, IL-4Ra and IgE in asthma. A characteristic that needs to be
established, if periostin is to be used as a biomarker in asthma, is its day-to-day

variability over prolonged periods of time in patients with stable asthma.

3.2.2 Hypothesis

It was hypothesised that, in the absence of an asthma exacerbation, there would be

little intra-participant variation in periostin levels.

3.3.3 Obijectives

To determine:
* The variation in serum periostin levels in adults with stable asthma on long-
term ICS and LABA therapy;

* The possibility of seasonal variation of periostin, and;
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* The proportion of participants who changed between the classification of ‘high’
periostin and ‘low’ periostin during the course of the study, using the cut-point

of 50ng/ml.

3.3.4 Methods

This prospective cohort study recruited 60 adults aged between 18 and 75 years from
the MRINZ volunteer database and local advertising in the Wellington area. Inclusion
criteria were a doctor’s diagnosis of asthma and prescription of maintenance ICS and
LABA therapy at a stable dose for a minimum of three months. Exclusion criteria
included scenarios that might reasonably be expected to influence periostin levels,
such as unstable asthma (as determined by the investigator and/or a change in asthma
medication within the preceding three months), systemic corticosteroid use or hospital
admission within three months, major surgery requiring general anaesthetic, tooth
extractions or bone fracture occurring within the preceding three months, active
(current, or within the preceding three weeks) upper or lower respiratory tract
infection, known pregnancy, significant co-morbidity, or, any safety concern at the

investigator’s discretion.

Ethical approval was given by the New Zealand Health and Disability Ethics Committee

(13/NTB/185). The trial was prospectively registered with Australia New Zealand Trial

Registry (ACTRN126140000235606) and written informed consent was obtained from
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all participants prior to any study procedures being undertaken. For the full

information sheet and study protocol, see Appendicies VIl and VIII.

Following telephone pre-screening to assess eligibility to participate in the study,
participants attended the MRINZ outpatient facility for a total of 11 visits over 59 days.
There were daily visits for the first five days, followed by a sixth visit at day 10, then
weekly visits for four weeks, and a final visit three weeks later. Study procedures were
carried out as detailed in the Study Plan (Table 3.3). The recruitment period was over

an eleven month period from 10t March 2014 to 16 Feburary 2015.

Questionnaires

Three health questionnaires were administered (see Appendices IX, X and Xl):

i. A General Health Questionnaire was used to ascertain the current health
status of participants, implementing questions from the ATS Division of Lung
Diseasees-78 Questionnaire (DLD-78).1¢¢

ii. The AQLQ (S), a validated 32 question self-administered questionnaire that
assessed quality of life in the two weeks before the first visit. 8

iii. The ACQ-5, to determine asthma severity in the week prior to Visit 1.8

Lung function and FeNO

Spirometry was performed with a Masterscreen Pneumo device (Masterscreen Version

2-0, Carefusion, Hoechberg, Germany) in accordance with ATS guidelines.*®* FeNO was
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measured using a nitric oxide monitor (NIOX MINO; Aerocrine AB, Solna, Sweden)

according to ATS guidelines.®’

Blood samples

Full blood count, with white blood cell differential, and serum IgE (Sysmex platform,
Mundelein, USA) were processed immediately. The remaining blood samples were
centrifuged and serum aliquots were stored at -80°C, prior to analysis of serum
periostin. Serum periostin levels were determined using the clinical trial version of the
Elecsys® Periostin Immunoassay (Roche Diagnostics, Penzbery, Germany). This assay is
an automated electrochemiluminescence immunoassay, based on the sandwich

principle utilising the same antibodies reported by Jia and colleagues.?

Medication use during the study period

All participants were instructed to continue taking their asthma medication as usual for
the duration of the study period. The use of any additional medication or a change to

regular medication during the study period was recorded.

Recording exacerbations
In the event participants suffered with a severe exacerbation, requring systemic
corticosteroids, medication changes were recorded at the next clinical visit with the

following details recorded: date started, dose taken, duration of prescription.
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Sample size

The sample size of 60 participants was chosen to ensure that even if there was 20%
attrition, 50 participants would remain in the study which would give high precision for

the estimate of variances.

Statistical Methods

As with previous work with periostin, its distribution was right skewed and better
treated on the logarithm scale for analysis.1®174200 However, in this group of
participants the distribution was not particularly skewed and therefore analyses for
limits of agreement were shown both on the raw and logarithm transformed scale. The
exploration of differences between month, season, and exacerbation status was
performed on the raw scale. Differences in logarithms, where these were presented,

were equivalent with exponentiation, to the ratio of geometric means.

For illustrative purposes Bland-Altman limits of agreement plots were shown for
differences from baseline however a mixed linear model was used to estimate the
variance components for the between and within participant variation to use all the
information from the repeated measurements. In these models an exponential power
correlation structure was used for the variance-covariance matrix. The intra-class
correlation coefficient (ICC) is the ratio of the between participant variance to the sum
of the between and within participant variances. A number close to one means most of
the variation is between participants. The 95% prediction limits for an individual value

was plus or minus the within participant standard deviation times 1-96 and the 90%
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limits plus or minus 1:69 times the within participant standard deviation. In order to
compare these data with that summarised from previous research where a coefficient
of variation was used to illustrate measurement variability, a coefficient of variation
(standard deviation divided by the mean expressed as a percentage) was calculated for
each participant and the mean coefficient of variation and a 95% confidence interval

for this was estimated, based on a one sample t-test.

Mixed linear models as described above were used to compare months and seasons,
treating these as fixed effects. The model-based, least squares means, for each month

and season, were also shown as these take into account the repeated measures.

A post hoc analysis estimated the change in periostin around the time of a severe
asthma exacerbation, which was defined as worsening asthma symptoms requiring
systemic corticosteroids. There were five participants who had a severe exacerbation.
For the comparison of periostin before, during (defined as whilst on systemic
corticosteroids), and after an exacerbation, the mixed linear model described above
was used with fixed effects for whether the measurement was made under one of the
exacerbation conditions. The overall P value for these analyses examined any evidence
of a difference between the three time periods in relation to exacerbation. The
comparisons shown were for: in exacerbation, defined as using systemic
corticosteroids, compared to pre-exacerbation, and after systemic corticosteroids were

no longer used, compared to pre-exacerbation.
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For the cut-point analysis the paired proportions of participants above or below a
serum periostin level of 50 ng/ml were compared using McNemar’s test and an
appropriate estimate of the difference in marginal proportions for the paired

contingency table.

SAS version 9-3 was used.

124|Page



Table 3.3: Study plan for Study Four

Visit No. 1a 1b 2 3 4 5 6 7 8 9 10 11

Time Point Up to 14 Dayl Day2 Day 3 Day 4 Day 5 Day10 Day17 Day24 Day31 Day38 Day59
days pre- +/-1 +/-1 +/-1 +/-1 +/-1 +/-1 +/-1 +/-1 +/-1 +/-1 +/-1
Day 1 day day day day day day day day day day day

Written Informed Consent X

Enrolment X

Measurement of BMI X

General Health

Questionnaire X

ACQ-5 X X X X X X X

AQLQ X

Periostin sample X X X X X X X X X X X

FBC sample X X X X X X X

IgE sample X

FeNO X

Spirometry (FVC + FEV,) X

ACQ-5: Asthma Control Questionnaire; AQLQ: Asthma Quality of Life Questionnaire; FBC: full blood count; IgE: immunoglobulin E; FeNO: Fractional exhaled nitric oxide; FVC: forced vital capacity; FEV ,: Forced

expiratory volume in 1 second
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3.3.5 Results

Characteristics of participants

A total of 60 participants were recruited and the flow of participants in the study is
shown in Figure 3.4. Baseline characteristics are shown in Table 3.4. Participants were
taking a median ICS dose of 500mcg fluticasone propionate-equivalent per day,
together with LABA therapy, and had well-controlled asthma with a mean FEV, 101%

predicted, a mean ACQ score of 0-89 and, a mean FeNO 24-6ppb.
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Figure 3.4: Patient flow through Study Four

Assessed for eligibility , , _
N=288 Diagnosis not asthma N=14
Not on ICS N=5
Not on LABA N=9
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_—" N=75 criteria N=56
Unable to contact
» N=50
A A
Enrolled
N=60
v
Analysis
N=60
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Table 3.4: Participant characteristics for Study Four

Continuous variables (N=60) Mean (SD) Median (IQR) Min to Max
Age (years) 49.8 (15.7) 48.8 (37.7 to 63.8) 21.0to 75.5
BMI (kg/m?) 28.9(7.7) 27.8 (24.2 to 32.4) 18.3t0 68.9
FEV: % predicted 101.5 (13.8) 100.4 (92.6 to 110.2) 73.0to 129.7
ACQ-5 0.89(0.88) 0.8(0.1t0 1.2) 0to 3.8
AQLQ(S) 6.1(1.0) 6.5 (5.8t0 6.7) 2.1t07.0
Mean ICS dose (FP 478 (205) 500 (400 to 500) 100 to 1000

equivalent/day)

Eosinophil count (x 10%/L) 0.27 (0.18) 0.20 (0.15 to 0.30) 0to 0.8
FeNO (ppb) 24.6 (16.6) 19.0 (13.0 to 29.5) 5.0t0 75.0
Logarithm FeNO (ppB) 3.0(0.62) 2.94 (2.56 to 3.38) 1.61to0 4.33
Periostin (ng/ml) 52.2 (16.4) 48.9 (41.6 to 60.3) 23.2t0 106.6
Logarithm Periostin (ng/ml) 3.91(0.30) 3.89 (3.73 to 4.10) 3.15to 4.67
Categorical Variables N/ 60 (%)

Female 34 (56.7)

Ethnicity:

European 48 (80)

Maori 5(8.3)

Pacific 2(3.3)

Asian 3(5)

Other 2(3.3)

Current smoker 4(6.7)

Rhinosinusitis 46 (76.7)

SD: standard deviation, IQR: interquartile range, BMI: body mass index, FEV1: forced expiratory volume in one second, ACQ:
asthma control questionnaire, AQLQL(S): standardised asthma quality of life questionnaire, ICS: inhaled corticosteroid, FP:

fluticasone propionate, FeNO: Fraction of exhaled nitric oxide, ppb: parts per billion, ng; nanogram, ml: millilitre.
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Periostin values and variability

Individual periostin values per visit are shown in Table 3.5, at the end of this section.
The range of periostin values was 23-:2ng/ml to 106-6ng/ml, with a mean (SD) 52-2ng/
ml (16-4) and median 48-9ng/ml. Individual participant mean periostin levels were

ranked and are depicted in Figure 3.5.

Figure 3.5: Individual participant mean periostin plus or minus one standard

deviation ranked by mean periostin.
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Sequential Bland-Altman plots (Figure 3.6) illustrate examples of between-participant
variability of periostin at each visit compared to their baseline value, and the results
are summarised in Table 3.6 corresponding to these plots but also for the comparison
between consecutive visits (plots not shown). The estimate of inter-participant
variance in periostin, based on the raw-scale measurements was 193-6, which was
large in comparison to the intra-participant variance of 15-3, with an estimated ICC of

0-93. This is consistent with low variability of periostin within individuals in a clinical
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sample representing a well-controlled adult asthmatic population. The 95% CI for
individual predictions of periostin levels were plus or minus 7-7ng/ml. The mean
coefficient of variation (95% Cl) for the periostin for the 60 participants was 6-3 (5-7 to

7-0)%.
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Table 3.6: Limits of agreement for Periostin (raw values) for a particular visit minus baseline

and for adjacent visits

Limits of agreement

From Baseline Visit Bias Paired SD Lower Upper
2 -0.68 381 -8.3 6.94
3 -2 4.35 -10.7 6.7

4 -1.49 4.76 -11.01 8.03
5 -1.73 5.53 -12.79 9.33
6 -1.77 6.05 -13.87 10.33
7 -2.28 6.35 -14.98 10.42
8 -2.02 6.48 -14.98 10.94
9 -1.56 5.92 -13.4 10.28
10 -2.58 5.94 -14.46 9.3
11 -2.88 5.93 -14.74 8.98
Adjacent visit comparison

3and2 -1.4 3.23 -7.86 5.06
4and3 0.42 3.14 -5.86 6.7
S5and 4 -0.24 3.69 -7.62 7.14
6and 5 0.04 4.49 -8.94 9.02
7and 6 -0.72 440 -9.52 8.08
8and7 0.49 5.62 -10.75 11.73
8and 9 0.46 5.08 9.7 10.62
10and 9 -1.04 5.18 -11.4 9.32
11and 10 -0.35 4.18 -8.71 8.01

Note: Visit 2 versus 1 is the same as Visit 2 versus baseline
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Figure 3.6: Sequential Bland-Altman plots depicting Limits of Agreement, illustrating

between participant variability at consecutive visits compared to baseline.
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Seasonal and Monthly variability

There was no evidence of monthly, P=0-56, or seasonal, P=0-90, variation (Figures 3.7
and 3.8). The least squares means of periostin by month and season, which take into
account the repeated measurements on the same participants, are shown in Tables 3.7

and 3.8.
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Figure 3.7: Box plot of mean periostin by month, the horizontal lines are the first

quartile, the median and third quartiles, the whiskers extend from maximum to the

minimum values and the symbol is the mean.
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Figure 3.8: Box plot of mean periostin by season, the horizontal lines are the first

quartile, the median and third quartiles, the whiskers extend from maximum to the

minimum values and the symbol is the mean.
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Table 3.7: Least squares mean estimates for Periostin (ng/ml) by month

Month

Least squares mean estimate (95% Cl)

January
February
March
April

May

June

July
August
September
October
November

December

50.1 (46.1 to 54.1)
49.6 (45.6 to 53.6)
49.3 (45.3 to 53.4)
50.5 (46.4 to 54.7)
51.3 (46.9 to 55.6)
50.8 (46.3 t0 55.2)
49.8 (45.4 to 54.2)
49.8 (45.0 to 54.6)
49.8 (45.4 t0 54.2)
50.6 (46.5 to 54.7)
51.6 (47.5 to 55.6)

51.0 (46.9 to 55.1)

Table 3.8: Least squares mean estimates for Periostin (ng/ml) by season

Season

Least squares mean estimate (95% Cl)

Autumn
Winter
Spring

Summer

50.3 (46.6 to 54.1)
49.8 (45.8 to 53.8)

50.7 (47.0 to 54.5)

50.3 (46.6 to 54.0) |
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Periostin changes in relation to severe asthma exacerbations

Five participants had a severe asthma exacerbation during the study and required a
course of systemic corticosteroids (Figure 3.9) with a mean dose of 35mg/day (range
20-60mg/day, courses lasting from one day to 16 days. The mixed linear model
estimate (95% Cl) of the difference in periostin between being on systemic
corticosteroids and the pre-exacerbation measurements for these five participants was
-5-4ng/ml (-8-3 to -2:6), P = 0-002. The difference (95% Cl) in periostin between the
post- and pre-exacerbation levels was -4-5ng/ml (-7-0 to -1-9), P<0-001 which is smaller

than the 95% ClI for an individual prediction of periostin.

Figure 3.9: Joined line plot by time of the raw periostin levels in the 5 participants
that had a severe exacerbation, with prednisone use marked as an event. An arrow
marks a periostin measurement taken when prednisone was being used for an

exacerbation.
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Cut-point analysis

By Day 5, 3/29 participants (10.3%) changed classification from ‘high’ periostin levels
to ‘low’ periostin levels and 5/31 (16.1%) participants changed from ‘low’ periostin
levels to ‘high’ periostin levels. At Day 24, 4/27 participants (14.8%) changed
classification from ‘high’ to ‘low’ and the same proportion changed from ‘low’ to ‘high’.
On Day 59, no participant changed from ‘high’ to ‘low’ and 1/30 participant (3.3%)
changed from ‘low’ to ‘high’, when compared with Day 1. These changes were not

statistically significant (Table 3.9).
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Table 3.9. Cut point analysis of periostin levels (ng/ml), Days 5, 24 and 59 versus

baseline. Periostin >50ng/ml is ‘High’.

Day 5 periostin (N=60)

Difference in proportions

Day 1 periostin  High Low % (95%Cl) P Value
High 26 3
3.3(-2.9t0 12.5) 0.48
Low 5 26
Day 28 periostin (N=57)
Difference in proportions
Day 1 periostin  High Low % (95%Cl) P Value
High 23 4
0(-9.7t09.7) 0.99
Low 4 26
Day 59 periostin (N=58)
Difference in proportions
Day 1 periostin  High Low % (95%Cl) P Value
High 28 0
1.7 (-1.6 t0 5.7) 0.31
Low 1 29
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Table 3.5: Periostin measurement by participant and day (Visit Day 1 is the baseline

measurement

Visit Day

Serum Periostin (ng/ml)

1 2 3 4 5 10 17 24 31 38 59

1 3577 36.54 3651 3832 3672 4464 3655 3887 3581 4353 36.16
2 6057 6156 64.04 6241 6214 6181 5464 56.26 6225 59.20 NA

3 4370 4140 43.04 43.14 4245 4224 3989 418 502 44,52 47.18
4 5830 5539 5484 5439 5477 6088 5735 50.09 51.06 56.63 51.82
5 5254 4990 49.15 47.16 43.07 46.53 5026 48.63 4847 4046 50.10
6 3737 4126 3914 40.01 3812 4055 3794 36.22 4186 43.18 39.37
7 8831 8567 NA 92,51 9243 73.62 66.05 91.63 9011 79.87 68.07
8 3866 36.04 3513 36.48 3448 3565 3768 3554 3740 41.06 38.46
9 103.20 95.24 90.69 100.60 8536 79.77 7709 7482 7478 8071 77.73
10 4631 46.05 4464 43.17 4530 4055 3858 4133 4053 4243 4236
11 2842 28.12 2814 26.84 25.83 2814 2778 2823 2792 2733 24.08
12 4856 52.99 4877 45.86 52.00 5034 4932 5272 5045 4394 4566
13 4059 4042 3813 42,72 3884 3817 3530 36.27 3523 3839 3470
14 4030 35.57 3881 41.27 38,61 3888 3924 4138 4001 36.42 3857
15 49.26 50.80 54.27 54.01 53.85 53.40 4862 5212 5357 54.09 50.87
16 2487 2359 2287 2240 2361 20.68 2589 2162 2221 NA 25.96
17 66.24 59.52 63.84 70.96 56.84 NA 66.25 82.27 6040 57.58 52.67
18 5112 56.33 5249 5292 5270 5313 5215 5003 5264 5243 50.69
19 4197 4749 4395 42.88 4392 3954 4497 4351 4013 4115 46.48
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3.3.6 Discussion

This longitudinal study investigating periostin variability in stable adult asthmatics,
treated with ICS and LABA therapy, found little variability in periostin measurements
within-individuals over a 59 day period. The within-participant variance was 15-3 with
the 95% confidence interval for an individual measured repeatedly of plus or minus
7-7ng/ml. Variance between participants was much larger than the within participant

variation in this relatively homogenous asthmatic population.

These findings are consistent with studies performed in populations with severe
asthma*3®? over a period of 5 and 2 weeks respectively. These studies reported a
coefficient of variation, rather than variance components, with a point estimate of
5.3% and 5-:0%, respectively, compared to our estimate of 6:3%. This is consistent with

the low intra-participant variability in periostin measurements observed in this study.

The distribution of serum periostin levels in our study sample was relatively wide,
ranging from 23:2 to 106:6 ng/ml, with a median of 48-9ng/ml and mean 52:2ng/ml.
These levels are similar to those found in a sample representative of a population
without respiratory disease (range 28-1 to 136-4ng/ml, median 50-1 ng/ml)'"* and, in a
sample of adults with symptomatic obstructive airways disease (range 15-0 to 164-7ng/
ml, median 54-0ng/ml)!® and those reported in a population of severe asthmatics who
received monoclonal antibody therapy against IgE (median 50ng/ml)¢ and IL-13
(median 50.2ng/ml).>® Together, these findings suggest that serum periostin levels do

not differentiate patients with asthma from individuals without asthma and nor does it
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distinguish between different levels of asthma severity for those that have asthma.
However, within the asthma population, it has been reported to identify patients who

might benefit from targeted therapies to IL-13,354 IL-4Ro°? and IgE.¢Y

There was no evidence of a monthly or seasonal fluctuation in serum periostin in this
population who were recruited over a 12 month period. The lack of seasonal variation
in periostin levels is consistent with the findings of Kanemitsu and colleagues who
found no seasonal variation in a sample of 224 asthmatic patients who averaged 16-2
measurements of periostin over 8 years.”” Thus it is not necessary to consider
seasonality when assessing periostin levels in candidates for treatment with asthma

biologic therapies.

In the five participants who suffered a severe exacerbation of asthma during the study,
there was a reduction in periostin of 4-5ng/ml after the exacerbation and after
treatment with a course of systemic corticosteroid. This reduction is smaller than the
95% CI for an individual prediction in those with clinically stable asthma. It has
previously been shown that periostin levels fall by a similar amount (-4-8ng/ml) in
hitherto steroid naive patients with symptomatic obstructive airways disease after the
initiation of 12 weeks of ICS therapy.'® Together, these findings indicate the serum
periostin levels are reduced by corticosteroids, although the modest 10% decrease
after administration of both inhaled and systemic corticosteroids suggests that
periostin release is primarily a consequence of physiological processes rather than
Type 2 inflammation. This contrasts with FeNO, in which inhaled or systemic

corticosteroid treatment result in around a 20% reduction in FeNO levels. 2!
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The periostin cut-point of 250ng/ml was originally proposed to identify patients with
moderately severe asthma, on ICS and LABA therapy, who could potentially derive
enhanced benefit from monoclonal antibody treatment directed against IL-13.%° This
cut-point was also reported as a predictor of responsiveness to monoclonal antibody
therapy directed against IL-13%° and IgE.** Using this cut-point, 10% and 16% of
participants classified as ‘high’ at Day 1 had changed to ‘low’ on Days 5 and 28
respectively, while 16% and 16% classified as ‘low’ at Day 1, changed to ‘high’ at Days 5
and 28. This proportion of changing between categories of ‘high’ and ‘low’, indicates
differentiated responsiveness to monoclonal antibody therapy, is perhaps not

surprising given the median periostin level in this sample was 48.9 ng/ml.

There are some methodological issues relevant to the interpretation of the study
findings. The participants in the study were all taking regular ICS and LABA therapy in
an attempt to investigate a population in whom monoclonal antibody therapy may be
used. However the subjects had well controlled asthma and as a result, the findings of
this study may not be generalisable to those with unstable asthma or severe airflow
obstruction. Nor would the findings be generalisable to smokers, in whom the
periostin levels have shown to be lower.** In a more general clinical population where
there are additional causes of variation in periostin, such as recent surgical or dental
procedures, there may be greater within-patient variability in periostin levels.
Additionally the participants in this study were primarily New Zealand European (80%)

and thus our results are generalisable to Caucasian populations.
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In conclusion, the 95% individual prediction for periostin in stable asthmatics on ICS
and LABA over a 59 day period is plus or minus 7-7ng/ml. There was no evidence of
seasonal fluctuation in periostin levels in this sample. Periostin levels are modestly
reduced by systemic corticosteroid treatment of a severe asthma exacerbation, but the
effect lies within the 95% confidence interval of serum periostin variability within an
individual with stable asthma. These findings suggest that the day-to-day stability of
periostin measurements supports its use as a biomarker in asthma, predicting

responsiveness to biologic therapy directed against Type 2 disease.

145|Page



Chapter 4: Severe exacerbations and Type

2 biomarkers in asthma

Biological therapies for asthma target specific pro-inflammatory pathways associated
with Type 2 inflammation, characterised by eosinophilic infiltration of the airways.>*
46991 However, identifying potential responders is problematic due to logistical
problems obtaining direct evidence of eosinophilic airway inflammation via
bronchoscopy or sputum induction, which are time consuming, labour intensive,
require specialist facilities and expose the patient to risk. An alternative is to use non-
invasive biomarkers, which could both identify patients likely to respond to

monoclonal antibody therapy as well as monitor disease activity once on treatment.

Peripheral blood eosinophils, FeNO, serum periostin and serum IgE are all markers of
Type 2 inflammation in asthma. Peripheral blood eosinophils, FENO and serum
periostin are predictors of response to treatment with monoclonal antibody therapy
directed against IgE,*” IL4-Ra,*? IL-5%°2 and IL-13,°% whilst monoclonal antibody
therapy directed against IgE is recommended in patients within a target serum Igk
range.%2% Knowledge of the time course changes of these biomarkers during and after
a severe exacerbation of asthma would have clinical utility in identifying requirement
and/or eligibility for monoclonal antibody therapies directed against IgE, IL-4Ra, IL-5

and IL-13.
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Severe exacerbations of asthma are a significant public health burden, leading to over
400,000 hospitalisations per year in the United States, costing about half the total of
$11.5 billion spent on asthma-related healthcare.?** Severe asthma exacerbations are
associated with accelerated progression of disease, increased morbidity and risk of
mortality.?®> Predictors of severe exacerbations have clinical utility in identifying
patients at risk of these outcomes. Clinical features that have been associated with an
increased risk of severe exacerbation include poor symptom control, more than one
severe exacerbation in the previous year, exposure to tobacco smoke, poor lung

function, obesity, major psychosocial problems and high allergen exposures.?%

Other potential predictors of exacerbations in patients with severe asthma are Type 2
biomarkers, including peripheral blood eosinophils, FENO, serum periostin and serum
IgE. Randomised controlled trials of monoclonal antibody therapies directed against
Type 2 asthma have reported that higher levels of blood eosinophils,?*” FeNO® and
serum periostin °2¢? are associated with higher exacerbation rates in populations with
severe eosinophilic asthma. Serum IgE is another Type 2 biomarker which is associated
with an increased risk of exacerbations in asthmatic children.?® While these Type 2
biomarkers predict the likelihood of future exacerbations in adults with severe,
uncontrolled Type 2 asthma, it is unclear if these associations would extend to a

general population of adult asthmatics, across a range of severity.
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From reviewing the literature, it was clear that there was insufficient knowledge
regarding the potential for some of these biomarkers to predict future exacerbations. |
therefore wished to answer the following questions with Studies Five and Six:
* What effect, if any, does a severe exacerbation and its treatment have on the
four Type 2 biomarkers?
* Can these biomarkers potentially predict the risk of future exacerbation of

asthma?
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4.4 Study Five: Change in biomarkers of Type 2 inflammation

following severe exacerbations of asthma

4.4.1 Introduction

Blood eosinophils, FeENO, serum periostin and serum IgE are biomarkers of Type 2
inflammation in asthma. Knowledge of their time course during and after severe
exacerbations would have clinical utility in identifying eligibility for monoclonal

antibody therapy directed against IgE, IL-4Ra, IL-5 and IL-13.

4.4.2 Hypothesis

The hypothesis was that the time course of changes in response to the exacerbation

and/or its treatment may differ between the biomarkers.

4.4.3 Objectives

To describe the change of blood eosinophils, FeNO, serum periostin and serum IgE

over 12 weeks after a severe exacerbation of asthma.
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4.4.4 Methods

This cohort study recruited 34 adults aged between 18 and 75 years, from Wellington
Hospital Emergency Department and participating General Practitioners in the Greater
Wellington Region. Participants presented within 24 hours of commencing systemic
corticosteroid therapy for a severe exacerbation of asthma. A severe exacerbation was
identified in accordance with the American Thoracic Society (ATS) and European
Respiratory Society (ERS) criteria?®?, requiring the use of systemic corticosteroids
(tablets, suspension or injection), or an increase from a stable maintenance dose, for
at least three days or a hospitalisation or Emergency Department visit because of
asthma requiring systemic corticosteroids. Courses of corticosteroids separated by
more than a week were treated as separate severe exacerbations. Participants were
excluded if they had a severe exacerbation in the three months before recruitment or
had started systemic corticosteroids more than 24 hours prior to screening. Other
exclusion criteria included pregnancy, hospital admission (for a condition other than
asthma), surgery requiring general anaesthetic, bone fracture, or dental surgery

occurring within three months of enrolment.

Ethical approval was given by the New Zealand Health and Disability Ethics Committee
(13/NTB/191). The trial was prospectively registered with the Australia New Zealand
Trial Registry (ACTRN12614000443695). Written informed consent was obtained from

all participants prior to any study procedures being undertaken.
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Study Procedures

At enrolment, participants completed written informed consent; a General Health
Questionnaire; Asthma Control Questionnaire-5 (ACQ-5) and Asthma Quality of Life
Questionnaire with Standardised Activities (AQLQ-S); measurement of BMI, FEV, and
FVC, FeNO and blood samples for measurement of full blood count (FBC), creatinine,
urea and electrolytes, serum IgE and serum periostin. Further visits were scheduled
one, two, four, eight and 12 weeks after commencing systemic corticosteroids, with

repeat measurements undertaken as outlined in the study plan (Table 4.1).
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Table 4.1: Study Plan for Study Five

Visit No. 1 2 3 4 5 6

Time Point Dayl Weekl Week2 Week4 Week8 Week12

+3days I3days *3days I3days 13 days

Written informed consent X

Enrolment X

Measurement of BMI X

General Health

X

Questionnaire

ACQ-5 X X
AQLQ X X
Periostin sample X X X X X X
FBC sample X X X X X X
IgE sample X X X X X X
FeNO X X X X X X
Spirometry (FVC + FEV4) X X X X X X
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Lung function and FeNO

Spirometry was performed with measurement of FEV, and FVC using a Masterscreen
Pneumo (Masterscreen Version 2-0, Carefusion, Hoechberg, Germany) in accordance
with ATS guidelines®®4. FeNO was measured with an online nitric oxide monitor (NiOX,

Aerocrine AB, Solna, Sweden) as per ATS guidelines®.

Blood samples

The FBC with white cell differential (Sysmex platform, Mundelein, USA), creatinine,
urea and electrolytes and serum IgE (Roche, Cobas 501, NZ) were performed
immediately in a local laboratory. For serum periostin, blood samples were
coagulated, centrifuged and serum aliquots stored at -80°C, prior to analysis. Serum
periostin levels were measured using the clinical trial version of the Elecsys® Periostin

immunoassay (Roche Diagnositics, Penzberg, Germany) described previously'?.

Study Power

The sample size of 34 participants had 80% power, with a type 1 error rate of 5%, to
detect a paired difference in periostin of 0-5 standard deviations. This arbitrary
difference was used as the clinically meaningful change in serum periostin was
uncertain. The study was not powered to detect a pre-specified paired difference in

the other Type 2 biomarkers.
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Statistical Methods

For the purposes of analysis and data description, severe exacerbation onset was
marked as the day of commencement of systemic corticosteroids and denoted as
‘week zero'. Time was based on the number of weeks after the most recent severe
exacerbation so that participants with multiple severe exacerbations have multiple
week zero data-points and shorter subsequent follow-up periods than those with only

one severe exacerbation.

FeNO, serum periostin and serum IgE have strongly skewed distributions and normality
assumptions, for analyses for these variables, were better met on a logarithm
transformed scale. The exponent of a difference in logarithms can be interpreted as a
ratio of geometric means. Mixed linear models were used to compare the reference 12
week biomarker measurement with those at each previous visit, under the assumption
that biomarker levels would return to stable levels by the end of the study, providing
there were no further severe exacerbations. A type | error rate of 0-05 and associated

95% confidence intervals are shown, for individual statistical tests.

SAS 9-4 was used.
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4.4.5 Results

The flow of participants is shown in Figure 4.1. A total of 34 participants enrolled in the
study as described in Table 4.2. At enrolment, participants’ mean FEV, was 80%
predicted and the mean ACQ-5 score was 3-7. Participants were taking an average of
450ug of fluticasone propionate-equivalent per day with 26/34 (76%) on a concurrent
long-acting beta agonist (LABA). The average length of systemic corticosteroid
prescription was 10-9 days (range one to 28 days) with participants taking an average
dose of 36mg of prednisone per day (range 20 to 60mg per day). Most participants had
a single severe exacerbation over the 12 weeks (25/34, 74%), with six, two and one

participant having a two, three and four severe exacerbations, respectively.
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Figure 4.1: Flow of participants through Study Five

Assessed for eligibility

N=163

Enrolled

N=34

Excluded

- Started corticosteroids >24hr prior to
enrolment or recent course of
corticosteroids (<7 days). N=41

- Declined. N=25

- Aged>75yr. N=4

- Non-asthma diagnosis. N=11
- Pregnancy. N=4

- Hospital admission/surgery/dental
surgery within 3 months. N=12

- No corticosteroid given. N=10

- Other. N=22

- Lost to follow up (withdrawn at
participant’s request). N=4

- Withdrawn by investigator. N = |

Analysed

N=29
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Table 4.2: Description of participants at enrolment

Continuous Variable Mean (SD) Median (IQR) Min to Max
Age (years) N=34 39:3 (16:7) 35 (26 to 53) 18to 70
BMI (kg/m?) N=34 34.2(10-8)  30-8(27-1t0386) 20-2t067-8
FEV1 (L) N=32 2:2(09) 2:0(1-5to 2:8) 0-8to4
FEV1% predicted N=32 77:9(351) 75:2 (45+4 to 102) 20:7to 149-4
FVC (L) N=32 3.3(11) 3.4 (2:5 to 3.9) 1.4 t0 56
FEV1/FVC (%) N=32 0:6(01) 0-7 (06 to 0-7) 0-4 to 0-9
ACQ-5 N=34 3.7(12) 3-8 (3 to 4:6) 1:6 to 5-8
ICS" (ug) N=34 450-7 (463-3) 400 (200 to 500) 0 to 2000
Periostin (ng/L) N=34 546 (215) 486 (42:2t062:6)  31-8t0 154:5
Eosinophil count (x10°/L) N=33 0-07 (0-12) 0:01 (0 to 0-05) 0to 0-46
IgE (U/L) N=32 6603 (862:5) 341:5(122:5to 816) 4to 3274
FeNO (ppb) N=32 48.0(46:1)  33.5(18 to 56) 7 to 195
Categorical Variable N/34 (%)

Atopy 27(79:4)

Female 23(67'7)

Current Smoker 4 (11-8)

European 19 (55:9)

Maori 9 (265)

Samoan 2 (5:9)

Other 4(11-8)

*Fluticasone-propionate equivalent dose

SD=standard deviation; IQR=interquartile range; min to max=minimum to maximum range; BMI = body mass index; FEV1=forced
expiratory volume in one second; FVC=forced vital capacity; FeNO=fractional exhaled nitric oxide; ug= microgram; ng= nanaogram;
ml= millilitre; L= litre
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Peripheral blood eosinophils

Changes in peripheral blood eosinophils are shown in Figure 4.2. Mean (SD) peripheral
blood eosinophils at week zero was 0-07 (0-12)x10%/L, which was significantly lower
than at week 12, mean 0-33 (0-21)x107/L, difference (95% Cl) 0-25 (0-15 to 0-36)x107/L,
P<0-001 (Table 4.3). There were no significant differences in peripheral blood

eosinophils after week one compared with week 12.

Figure 4.2: Boxplot of peripheral blood eosinophils by week after an exacerbation
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FeNO

Changes in FeNO are shown in Figure 4.3. The median (range) FeNO at week zero was
32 (7 to 195)ppb, similar to week 12, when the median (range) FeNO was 33 (10 to

188)ppb. The FeNO was about 30% lower at weeks one, two and four, with medians of
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22, 23 and 23ppb, respectively however these differences were not significant (Table
4.3). There were no significant differences in FeNO after week four compared with

week 12.

Figure 4.3: Boxplot of Fractional exhaled Nitric Oxide (FeNO) by week after an

exacerbation
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Symbol is the mean, the horizontal lines are the 25th, median, and 75th percentiles, and the whiskers extend from the minimum
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Serum Periostin

Changes in serum periostin are shown in Figure 4.4. The median (range) serum
periostin at week zero was 48:9 (31-8 to 154-5)ng/ml, similar to week 12, when the
median (range) was 50-9 (35-3 to 98:3)ng/ml. At week one, the serum periostin level

was lower than at week 12, with a median (range) of 45-9 (24-9 to 146-7)ng/ml, ratio of
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geometric mean periostin (95% Cl) 0-86 (0-82 to 0-92), P<0-001 (Table 4.3). After week

four, serum periostin levels were not significantly different from week 12.

Figure 4.4: Boxplot of serum periostin by week after an exacerbation
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Serum IgE

Changes in serum IgE are shown in Figure 4.5. Serum IgE levels were highest at week
zero when the median (range) was 339 (4 to 3274)U/L, compared to week 12, when
the median (range) was 249 (3 to 2451)U/L, ratio of geometric mean IgE (95% Cl) 1-32
(1-22 to 1-43), P<0-001 (Table 4.3). After week two, serum IgE levels were not

significantly different from week 12.

Figure 4.5: Boxplot of serum IgE by week after an exacerbation
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Table 4.3: Comparison of Type 2 biomarkers with levels at week 12

Type 2 variable Weeks post Mean (SD) Min to Max Difference from P

exacerbation week 12 (95% Cl)
Blood eosinophils 0 n=34 0-07 0to 0-46 025 <0-001
(x10%/L) (0-12) (0-15 to 0-36)
1n=36 0-29 Oto 09 0-06 0-31
(0-24) (-0-05to 0-16)
2n=29 0-32 Oto 1-69 -0-01 0-92
(0-34) (-0-12to 0-11)
4 n=36 0-36 0-0l1to1-2 -0-04 0-43
(0-25) (-0-15 to 0-06)
8n=22 0-38 0-09t0o0-83 -0-07 0-25
(0-23) (-0-18 to 0-05)
12 n=21 0-33 0-04to 09
(0-21)

Type 2 variable Weeks post Median (IQR) Min to Max Ratio of geometric P

exacerbation means (95% Cl)
FeNO (ppb) 0n=33 32 7 to 195 113 0-28
(19to 55) (0-90 to 1-43)
1n=36 22 7to 113 0-82 0-09
(15to 36'5) (0-65 to 1-:03)
2n=27 23 10to 82 0-79 0-06
(20to 39) (0-63 to 1-01)
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(Table 4.3 continued)

Serum periostin

(ng/ml)

4 n=36

8 n=22

12 n=22

0n=35

1n=36

2n=29

4 n=36

8n=23

12 n=21

230
(145 to 39)
365

(20to 59)

33

(16 to 54)
48-9

(422 to 66+6)
45-9

406 to 57-1)
48-7

(433 t0 56-8)
529

(43-1t0 67-6)
529

(459 to 65)
509

(47-7 to 64-3)

51to 155

6 to 90
10to 188
31-8 to
154-5

24-9 to
146-7

326 to
152-2
32:1to 904
32-9t0 939
35-3t0 983

0-87
(0-69 to 1-09)
1-00

(0-78 to 1-28)

0-95
(0-89 to 1-00)
0-86
(0-82 to 0-92)
0-93
(0-87 to 0-98)
0-98
(0:93 to 1-04)
1-02

(0-96 to 1-08)

0-21

0-99

0-06

<0-001

0-008

0-49

0-57
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(Table 4.3 continued)

Serum IgE (U/L)

0 n=33 339

(120 to 729)

1n=35 227
(98 to 772)
2n=28 254
(82 t0 677)
4 n=36 175:5

(80 to 712-5)
8 n=22 285.5

(119 to 862)
12 n=21 249

(109 to 629)

4to 3274

5to 2841

4to 2561

4 to 2887

4 to 2572

3to 2451

132
(122 to 1-43)
122
(114 to 1-32)
1.04
(096 to 1-12)
1-00
(093 to 1-09)
1.04

(0:96 to 1-12)

<0-001

<0-001

0-30

0-91

0-31
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Lung function

The mean (SD) FEV, percent predicted at week zero was 77-9 (35-1)%, significantly

lower than at week 12, when the mean (SD) was 90.4 (35)%, difference (95% Cl) 13.2 (8

to 18.3), P<0-001. After one week there was no significant difference in FEV, percent

predicted when compared with 12 weeks after the exacerbation. (Table 4.4).

Table 4.4: Comparison of FEV1 % predicted values with Week 12

Least squares mean

Week 12 Comparison

Week P value
(95% C1) (95% Cl)

0 79-1 (65-3 to 93-0) 13-2 (8-0 to 18-3) <0-001

1 87-8 (735 to 102-1) 4-5 (-0-6 to 9-7) 0-083

2 90-5 (76-6 to 104-5) 1-8(-3-5t0 7-0) 0-51

4 88-1(74-2 to 102-1) 4-2 (-0-9 t0 9-2) 0-11

8 88-1 (74-0 to 102-2) 4-2 (-1-3 to 9-6) 0-13

12 92.3 (782 to 106-4)
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4.4.6 Discussion

This study found that the time course of the changes in peripheral blood eosinophils,
FeNO, serum periostin and serum IgE all varied during and after treatment for a severe
exacerbation of asthma. Peripheral blood eosinophils were the first to fall after
treatment with systemic corticosteroids (within 24 hours), followed by serum periostin
(after one week), and FeNO (after two weeks). In contrast the initial serum IgE
measurement was higher than the reference week 12 value. All the biomarkers
achieved stable levels within four weeks after the start of a severe exacerbation,
indicating there is a four week period during and after a severe exacerbation where
biomarker measurements are influenced by the event and its treatment. This is of
clinical relevance if these biomarkers are to be used to identify responders to

monoclonal antibody therapy directed against IgE, IL4Ra, IL-5 and IL-13 in asthma.

Peripheral blood eosinophils were almost fully suppressed within 24 hours of
commencing systemic corticosteroids for an exacerbation, with a mean value of
0-07x10?/L, compared with the week 12 measurement of 0-33x10%/L. It is likely that
their levels were suppressed by treatment with systemic corticosteroid, an effect
which has been observed within five hours in non-asthmatic adults, with levels
returning to pre-treatment levels within 24 hours of stopping corticosteroid therapy.2©
This latter observation is consistent with our finding that blood eosinophil levels did
not differ from the reference week 12 measurements after week two, as the average
length of the course of corticosteroids was 11 days. In the USA, one of the current

indications for use of mepolizumab, a monoclonal antibody directed against IL-5, is a
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blood eosinophil count of greater than 0-3x10°/L.?** In our cohort, there were 12/29
(41%) with week 12 measurements who would have met this criteria, compared with
only 3/34 (9%) at the initial 24 hour measurement. The marked suppression of blood
eosinophils during systemic corticosteroid treatment for a severe exacerbation
suggests that reference should not be made to blood eosinophil levels taken during
this period, for the purpose of assessing potential response to monoclonal antibody

therapy directed against IL-5.

There was a trend for FeNO levels to fall by about 30% at week one, where they
remained at this level until week four. This is consistent with previous studies which
demonstrated that FeNO is suppressed by treatment with both inhaled?223 and
systemic corticosteroids.?'* In steroid naive, mild asthmatics, the use of ICS have been
shown to cause a dose-dependent fall in FeNO of up to 30% one week after the start of
treatment,?? similar to the effect in severe asthmatics on high dose ICS treated with
systemic corticosteroids.?** In the study of mild asthmatics, FeNO levels returned to
baseline two weeks after stopping ICS treatment, a time course similar to our findings
in relation to systemic corticosteroid treatment. The use of FeNO is not currently
recommended as a predictor of response to monoclonal antibody therapy directed
against IL-5 or IgE. However, FeNO is a useful maker of responsiveness to inhaled
corticosteroid therapy,’* and reference to values taken within four weeks of a severe
exacerbation may underestimate the potential benefit of an increase in maintenance

inhaled corticosteroid dose.
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There was a modest 10% fall in serum periostin at weeks one and two, similar in
magnitude to the response seen previously to treatment with inhaled!® and
systemic’? corticosteroids in adults with stable asthma. Periostin levels greater than
the proposed 50ng/ml cut point (using the Elecsys® Periostin assay) have been shown
to predict response to monoclonal antibody therapy directed against IL-13°° and IgE.%’
However, serum periostin was suppressed to a median level of 45-9 ng/ml at week
one, compared with the median baseline level of 50-9 ng/ml at week 12, and remained
below the 50ng/ml cut point until four weeks after the start of the exacerbation.
Therefore it would be preferable not to use serum periostin levels measured in the
first four weeks after an exacerbation of asthma for predicting responsiveness to the

monoclonal antibody therapies mentioned above.

A different pattern was observed with serum IgE, which was about 25% higher at week
zero before falling to the reference level at week two. There are a number of potential
mechanisms that might contribute to this pattern. Firstly it may relate to the use of
systemic corticosteroids which cause a paradoxical stimulation of polyclonal IgE
release from B-lymphocytes,?*> an effect which has been demonstrated in asthmatics in
vivo.?¢ Alternatively beta-agonist therapy administered during the exacerbation may
have increased IgE production through stimulation of 1L-4.2'7 Another possibility is that
IgE levels were elevated as a result of allergen exposure which may have contributed
to some of the exacerbations.?® Although IgE levels are not predictive of response to
anti-Igk therapy,”’ a total serum IgE range of between 30 and 700U/L?Y or 30 and

1500U/L>* is required before initiating treatment in the UK and EU respectively. As a
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result, a delay of at least two weeks after treatment for an exacerbation is preferred to

assess for potential eligibility for anti IgE therapy in asthma.

The different time courses of the changes in biomarkers was not surprising, due to
their different nature, ranging from a specific protein, antibody and cell in circulating
blood to an expired gas. The biomarkers have different pathways for synthesis and
migration between vascular and tissue compartments, lifespans and responses to

steroid treatment.

In terms of methodological limitations, our study was designed to detect a difference
in serum periostin and it is likely that the sample size was too small to detect a
meaningful change with respect to FeNO, which has greater intra-participant variability
compared with periostin (mean coefficient of variation of 19-8% vs 5-0%).>® We have
carried out a large number of statistical tests and some of the statistically significant
associations may be a result of Type 1 error rate inflation. Baseline measurements of
the Type 2 biomarkers and lung function during a stable disease phase prior to the
exacerbation were not obtained, due to the study design. We therefore compared all
periostin levels to those taken 12 weeks after the exacerbation under the assumption
that stable levels would be attained by then. As no previous research has been
conducted assessing the variability of Type 2 biomarkers during an exacerbation,
further robust clinical studies are required to corroborate our findings. Finally, the
underlying cause of the asthma exacerbations were heterogeneous. Different triggers

(viral, allergen or bacterial) can initiate different inflammatory cascades,*® but this
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study was not powered to analyse the difference in response between these sub-

groups.

In conclusion, peripheral blood eosinophils, FeENO, serum periostin and serum IgE all
have different time courses and magnitude of change during and following treatment
for a severe exacerbation of asthma. Therefore we suggest a delay of up to four weeks
following a severe exacerbation is required if these biomarkers are used to determine

eligibility for, or predicting responsiveness to, monoclonal antibody therapy.
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4.5 Study Six: Type 2 biomarkers and prediction of future

exacerbations in asthma

4.5.1 Introduction

The Type 2 biomarkers blood eosinophils, FeNO, serum periostin and serum IgE are
predictors of responsiveness to monoclonal antibody therapy directed against IL-4Rq,
IL-5, IL-13 and IgE. In studies primarily undertaken in patients with severe eosinophilic
asthma, higher levels of blood eosinophils, FENO and serum periostin have also been
shown to predict an increased risk of severe exacerbations. Whether blood
eosinophils, FeNO or serum periostin predict severe exacerbations in a broader asthma

population is not known.

4.5.2 Hypothesis

High levels of Type 2 biomarkers are predictive of future severe exacerbations.

4.5.3 Objectives

To describe the association between the Type 2 biomarkers, blood eosinophils, FeNO,
serum periostin, serum IgE and time to a severe exacerbation in a broad asthma

population.
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4.5.4 Methods

Study Population

This study followed-up participants from two previous observational studies conducted
by the MRINZ. The New Zealand Respiratory Health Survey (NZRHS) was a three-phase
cross-sectional study, that enrolled 451 subjects from a randomly selected population
of adult asthmatics between November 2010 and August 2012, from which 285 had a
doctor’s diagnosis of asthma with complete data.?®® The second study enrolled 60
adults with stable asthma, on ICS and LABA therapy, recruited between March 2014
and February 2015.7* A total of 15 participants were enrolled in both studies, so the
baseline data used was from their first visit with complete data. For each study,
participants had baseline measures of lung function, FeNO levels, blood eosinophil
count, serum periostin levels and total serum IgE. Participants were invited to re-
attend the outpatient facility at the MRINZ for a single follow up visit, at least 12
months after their baseline measurements, which took place from May 2015 to June

2016.

Inclusion and Exclusion criteria

Follow up visits were rescheduled if participants reported sustaining a bone fracture,
undergoing major general or dental surgery, or taking systemic corticosteroids within
three months of the study visit. Additionally, visits were rescheduled if participants

reported an upper or lower respiratory tract infection in the three weeks prior to the
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study visit. Participants were excluded from follow up if they were pregnant or

breastfeeding.

Ethical approval for this study was given by the New Zealand Ethics Committee
(15/CEN/33). The study was prospectively registered with the Australia New Zealand
Trial Registry (ACTRN12615000503527). All participants provided written informed

consent prior to participation.

Clinical Data

Respiratory history

All participants were asked about severe exacerbations since the baseline visit. A
severe exacerbation was identified in accordance with the American Thoracic Society
(ATS) and European Respiratory Society (ERS) criteria,®? requiring the use of systemic
corticosteroids (tablets, suspension or injection), or an increase from a stable
maintenance dose, for at least three days or a hospitalisation or Emergency
Department visit because of asthma requiring systemic corticosteroids. Courses of
corticosteroids separated by more than a week were treated as separate severe
exacerbations. Patient-reported exacerbations, including date, treatment provided and
healthcare provider details, were recorded in an investigator-led questionnaire and
then corroborated with general practioner (GP) and hospital electronic medical

records.
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A patient-reported severe exacerbation was counted if there was a prescription of
systemic corticosteroids for three or more days for the treatment of asthma in the
patient’s medical records, in concordance with the date provided by the patient. In the
case of patient-reported self-medication, where patients followed an existing acute
management plan of taking systemic corticosteroids from a home rescue pack, GP
medical records were checked for appointments or prescriptions where the rescue
pack medication would have been replaced. In both cases, if there was no evidence of
prescriptions for systemic corticosteroid, the patient-reported event was discounted.
Regarding occasions where the severe exacerbation occurred abroad and no
supporting documentation was accessible, the patient-reported exacerbations were
counted. In the event that GP or hospital records were not available, all patient-

reported exacerbations were counted.

The remaining questionnaires used were the Asthma Control Questionnaire (ACQ) and
the Asthma Quality of Life Questionnaire for Standardised activities (AQLQ-S) to

establish respiratory health status and disease control.

Lung function
Spirometry was performed using a Masterscreen Pneumo (Masterscreen Version 2.0,
Carefusion, Hoechberg, Germany), in accordance ATS guidelines!®. Global Lung

Initiative reference ranges were used?®.
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Biomarkers

Blood was drawn for full blood count and differential (Sysmex platform, Mundelein,
USA), creatinine and electrolytes and serum IgE (Roche, Cobas 501, NZ), which were
performed immediately in the local laboratory. Blood for serum periostin
measurement was coagulated, centrifuged and serum aliquots stored at -80°C for
analysis using the Elecysys® periostin immunoassay (Roche Diagnostics, Penzberg,
Germany) described previously'?®>. FeENO was measured using a NIOX MINO monitor

(Aerocrine AB, Solna, Sweden) in accordance with ATS guidelines®.

Study Size

In total, 330 participants were invited to take part in the study where the assumed
attrition rate would be in the order of 30%, anticipating a total of 230 participants
would be enrolled. We estimated that this sample size would have 95% confidence
intervals for a proportion of 20% (the anticipated proportion of participants with a

severe exacerbation) of plus or minus 5%.

Statistical Methods

Multivariate models, adjusting for the participant’s original cohort and whether or not
they were on ICS at baseline, were used to estimate the relative differences in time to
a severe exacerbation by estimating the Hazard Ratio between the Type 2 biomarkers
and time to severe exacerbation using the Cox Proportional Hazards model. In the

analysis lower hazard ratio corresponds with a longer time to a severe exacerbation.
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Comparison of Type 2 biomarkers was made between those who had a severe
exacerbation and those who did not, using t-tests. The predictor variables FeNO,
serum periostin and serum IgE required logarithm transformation to better meet
normal distribution. A ratio of geometric means was used to describe the exponent of

these variables. A multiplier of 0.693 represents a doubling of the geometric mean.

Linear regression models were used to describe the relationship between baseline

Type 2 biomarkers and change in FEV,, including multivariate analysis adjusting for

age, sex, ICS use and smoking status at baseline. A significant interaction term

suggested that the change in FEV, with time was dependent of the Type 2 biomarker.

SAS 9.4 was used.
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4.5.5 Results

A total of 212 out of the potential 330 participants returned for testing, of which 177
(84%) were from the New Zealand Health Respiratory Survey (NZRHS).?° The median
(range) time between baseline and follow up visits was 3.8 (1.1 to 5.3) years, with a
total of 642 patient years of follow-up. The flow of participants through the study is
shown in Figure 4.6. All (212/212; 100%) hospital electronic medical records were
reviewed to corroborate hospital attendances and prescriptions of systemic
corticosteroids. A total of 22/212 (10%) participants did not have GP electronic records
reviewed by an investigator as permission was not granted by GP and 4/212 (2%)
participants had severe exacerbations outside of New Zealand, which could not be
corroborated locally. There were 67/212 (32%) participants with at least one severe
exacerbation of asthma. There were a total of 189 severe exacerbations, representing
a rate of 0.29 severe exacerbations per patient year. The participants had well
controlled asthma of mild to moderate severity (Table 4.5). At baseline/follow-up,
there were 41/38 participants prescribed no inhalers, 16/37 participants prescribed a
short-acting beta-agonist (SABA) only, 63/36 prescribed an ICS with SABA inhaler and
92/101 participants prescribed an ICS with a LABA. No participants were prescribed
maintenance systemic corticosteroids for their asthma, although at follow-up three
people reported the chronic use of oral corticosteroids for non-asthma related
conditions. The mean scores at baseline for the ACQ-5 and AQLQ-S were 0.91 and 6.13,
respectively. The mean FEV, percent predicted was 88.9% and 87.3% at baseline and

follow up visits, respectively.
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Figure 4.6: Flow of participants through Study Six

Cohort 1 Cohort 2
N=285 N=60
Enrolled in both cohorts
> N=15
Y
Screened
N=330

Declined N= 49

Uncontactable N= 48

Excluded:

No longer local N= 13
> Pregnant or breast feeding N= 4

Deceased N= 4

Enrolled
N=212

Y
Complete data for
analysis
N=212
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Table 4.5: Participant characteristics for Study Six

Continuous Variable Mean (SD) Mean (SD) Difference* (SD)
Baseline Follow up

Age (years) 50.5(13.2)

BMI (kg/m2) 29 (6.1)

ACQ-5 0.91 (0.74) 0.73 (0.76) -0.17 (0.71)

AQLQ-S 6.13 (0.92) 6.23 (0.81) 0.09 (0.75)

FEV1 (L) 2.90(0.91) 2.77(0.87) -0.14 (0.34)

FEV1 % predicted (%) 88.9 (19.8) 87.3(18.7) -1.6(10.2)

Blood eosinophils 0.25(0.19) 0.24 (0.18) -0.01 (0.15)

(x10%/L)

FeNO (ppb) ' 22.5(13.6to44.4) 22(15to33) -0.4(-9.5to0 5)

Serum periostin (ng/ml)"

52.8 (45 to 65.5)

52.6(43.7to 61.7)

-2.24 (-8.1 to 4.4)

Serum IgE (IU/L) " 123 (32 to 262.5) 103 (23 to 243) -8 (-74.8to 8)
Categorical variables N/212 (%) N/212 (%) Difference (N)
Ethnicity

Asian 8(3.8) 8(3.8)

European 189 (89.2) 189 (89.2)

Maori 8(3.8) 8(3.8)

Pacific 5(2.4) 5(2.4)

Other 2(0.9) 2 (0.9)
Female 109 (51.4) 109 (51.4)
Current smoker 13 (6.1) 13 (6.1) 0
ICS use 155 (74.1) 136 (64.1) -19

*Calculated as Follow up visit value minus baseline visit value. tMedians (IQR) given here as variables skewed.
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Association between Type 2 variables and time to severe exacerbation

The associations between Type 2 biomarkers and time to severe exacerbation are
shown in Table 4.6. The multivariate associations are adjusted for which recruitment
cohort the participants were from and for use of ICS or not. There was no statistically
significant evidence of an association between the cohort the participants were from
and time to severe exacerbation in any of the multivariate analyses. In the univariate
analysis the hazard ratio (95% CI) for time to exacerbation was consistent with the
larger original cohort being less at risk: 0.40 (0.21 to 0.85). However in all the
multivariate models this estimate of association, once adjusted for whether on ICS or
not and the individual Type 2-related measurement, the point estimates for

associations had increased to 0.55 with wide confidence intervals (0.28 to 1.17).
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Table 4.6: Association between Type 2 biomarkers and time to severe exacerbation

Type 2 biomarkers  Univariate

Multivariate

Hazard Ratio (95% P value Hazard Ratio (95% P value
a) a)
Per 0.1 unit 0.92(0.79t01.07) 0.28 0.89(0.76t0 1.05)  0.17
increase in blood
eosinophils
Per 0.693 unit 0.64 (0.52t00.79) <0.001 0.65(0.52t00.81) <0.001
increase of log
FeNO
Per 0.693 unit 0.59 (0.33to 1.07) 0.08 0.62 (0.35 to 1.09) 0.10
increase of log
serum periostin
Per 0.693 unit 0.93(0.83t01.04) 0.20 0.89 (0.80 to 1.00) 0.05

increase of log
serum IgE

Peripheral blood eosinophils

Mean (SD) blood eosinophil counts were 0.25 (0.19) x10°/L and 0.24 (0.18) x10%/L, at

baseline and follow up visits respectively. There was no significant association between

baseline blood eosinophil count and time to severe exacerbation. The adjusted Hazard

Ratio (95% CI) for association between higher eosinophil count and time to

exacerbation was 0.89 (0.76 to 1.05) per 0.1x10°/L eosinophil count increase, P=0.17

(Figure 4.7A).

FeNO

Median (interquartile range; IQR) FeNO levels were 22.5 (13.6 to 44.4) ppb and 22 (15

to 33) ppb, at baseline and follow up visits respectively. The analysis of FeNO was on

the logarithm transformed scale. The adjusted Hazard Ratio (95% CI) for association
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between baseline log FeNO and time to severe exacerbation was 0.65 (0.52 to 0.81),

per 0.693 ppb of log FeNO increase, P<0.001 (Figure 4.7B).

Serum periostin

Median (IQR) serum periostin levels were 52.8 (45 to 65.5) ng/ml and 52.6 (43.7 to
61.7) ng/ml, at baseline and follow up visits respectively. The analysis of serum
periostin was on the logarithm transformed scale. The adjusted Hazard Ratio (95% Cl)
for association between baseline log serum periostin and time to severe exacerbation

was 0.62 (0.35 to 1.09) per 0.693 ng/ml of log periostin increase, P=0.1 (Figure 4.7C).

Serum IgE

Median (IQR) serum IgE levels were 123 (32 to 262.5) IU/L and 103 (28 to 243) IU/L, at
baseline and follow up visits respectively. The analysis of serum IgE was on the
logarithm transformed scale. The adjusted Hazard Ratio (95% Cl) for association
between baseline log serum IgE and time to severe exacerbation was 0.89 (0.80 to

1.00) per 0.693 IU/L of log IgE increase, P=0.05 (Figure 4.7D).

ICS use at baseline

There was strong evidence of an association between ICS use at baseline and time to
severe exacerbation. In all the models ICS use was associated with an increased risk of
exacerbation. The univariate hazard ratio (95% CI) was 3.86 (1.76 to 8.48) and the

adjusted hazard ratio (95%Cl) was 3.66 (1.65 to 8.08).
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Figure 4.7: Kaplan-Meier survival curves for quartiles of blood eosinophil count (A),

log FeNO (B), log serum periostin (C) and log serum IgE (D)

A

Product-Limit Survival Estimates Product-Limit Survival Estimates
10 KE.,\ Loy + Censored 104 4_‘)! + Censored
N v
n k8 - [
[ L, \ TR
4 —- e R e RS R T N + - b1 b - B
o8 ————_— o8 . T )
T T e I LT ——— |
Lt g
: e = L T |
= o064 g b £ o0
= s © et +
S S |
= =
E 0.4 E 0.4+ |
@ @ |
0.2 0.2 I
004 0.0+
0 50 100 150 200 250 [ 50 100 150 200 250
Time to exacerbation (weeks) Time to exacerbation (weeks)
Q_Eos 1 2 T ——1] [G_TogFeNT 1 2 3 — —4]
Product-Limit Survival Estimates Product-Limit Survival Estimates
104 *+ Cansored 104 + Censorad
084 08+ ‘-hL
———
ik Rp—,

[— ' @W@ S—
£ | i !
s 084 B 5 064 |
2 | 2 |
2 2
a a |
= ‘ s |
E 04+ E 0.4 |
@ | @ L

[
02+ ‘ 02+
|
00+ 0.0+
T T T T T T T T T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Time to axacerbation (weeks) Time to exacerbation (weeks)
Q_logpsriostin 1 2 3 ——14] Q_logigE 1 2 3 —— 1)

Quartile 1is the lowest quartile and quartile 4 is the highest quartile.

ICS use at baseline

There was strong evidence of an association between ICS use at baseline and time to exacerbation with a univariate Hazard Ratio

(95% CI) of 3.86 (1.76 to 8.48), P<0.001.
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Change in FEV, over time

There was no evidence of an association between the change in FEV, over time and
baseline FeNO, serum periostin or serum IgE, (difference (95% Cl) of 0.02 (-0.02 to
0.06), -0.01 (-0.12 to 0.09) and 0.01 (-0.01 to 0.04) in FEV, per 0.693 increase in log
FeNO, log periostin and log IgE respectively). In a multivariate model, with adjustments
made for age, sex, ICS use and smoking status at baseline, there was strong evidence
of an interaction between change in FEV, between the follow up and baseline visits,
and blood eosinophil count at baseline (P<0.001). This was best illustrated by plotting
predicted change against time, where the blood eosinophil counts of 0.1 and 0.3x10°/L
represented the 1t and 3 quartiles, respectively (Figure 4.8). Where the baseline
blood eosinophil count was ‘low’, the decrease in FEV, was more rapid with time,
however ‘high’ baseline blood eosinophil counts were associated with an increase in
FEV, with time. The multivariate model estimated the cut-point between ‘high’ and

‘low’ to be 0.21 x10°/L.
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Figure 4.8: Change in FEV1 with time associated with baseline eosinophil count
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change with time for an eosinophil count of 0.1 at baseline and the blue lines that for a baseline eosinophil count of 0.3; both from

the model without the other co-variates.
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4.5.6 Discussion

This study found a statistically significant association between high baseline FeNO and
serum IgE levels and a lower risk of a severe exacerbation in adults with predominantly
intermittent asthma of mild to moderate severity. Those who had at least one severe
exacerbation had lower baseline FeNO levels than those who did not exacerbate. The
association between high baseline peripheral blood eosinophils and serum periostin
levels and time to a severe exacerbation was not statistically significant. A greater
decline in FEV, was associated with a baseline peripheral blood eosinophil count of less

than 0.21x10%/L.

These results do not confirm findings from previous randomised controlled trials of the
efficacy of monoclonal antibody therapies targeting components of the Type 2
inflammatory pathways, in populations with severe asthma32¢%202207 or observational
cohorts with more severe persistent asthma than those in our study.??*-2% This may be
due to differences in the population studied, as outlined below. Although we could not
identify a statistically significant association between time to severe exacerbation and
blood eosinophil or serum periostin levels, the width of the confidence intervals means
that we can't rule out substantial and possibly meaningful associations between time
to severe exacerbation and the Type 2 measurements. For example, for blood
eosinophils the lower 95% confidence limit was 0.76 which could be consistent with a

strong association.
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The most important consideration in this study is confounding by ICS therapy, which is
more likely to be prescribed to patients with more severe persistent disease,?® as it
reduces peripheral blood eosinophil, FeNO and serum periostin levels 213220224 gnd
reduces the risk of severe exacerbation??22¢ with clinical efficacy greater in those with
raised blood or sputum eosinophils or FeNO levels.??”228 Qur finding that ICS use was
associated with an increased risk of severe exacerbations suggests that it was likely to
be a marker of more severe disease. Furthermore, the observation that low FeNO was
associated with both high inhaled fluticasone dose and shorter time to severe
exacerbation may suggest that the FeNO was reduced by high dose inhaled fluticasone
therapy, but that other factors associated with severe asthma may confound the

association.

The other main difference is that we studied an adult population with predominantly
intermittent asthma of mild to moderate severity, with only two thirds taking ICS
therapy, and just less than half received concomitant LABA therapy. In contrast the
randomised controlled studies of monoclonal antibody therapy which demonstrated
that the Type 2 biomarkers predicted severe exacerbation risk had severe refractory
asthma, despite high dose ICS therapy, with or without maintenance oral

corticosteroids, and required additional controller medications.>26202.207

Contrasting results have been reported in observational studies such as the NHLBI
Severe Asthma Program, in which there was a positive association between severe
exacerbations of asthma and blood eosinophils, but not FeNO, and low serum IgE was

associated with severe exacerbation risk.%>
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Our population may also explain the difference from others in our findings of an
association between low blood eosinophils levels and a greater decline in lung
function, and the lack of an association for either FeNO or periostin. In contrast,
studies in more severe asthma populations have either shown no consistent
association between accelerated decline in lung function and either high blood

eosinophils,??? FeNO?® or periostin.””

Limitations of our study include multiplicity of analyses, which may have resulted in
Type 1 error but also for some of the associations assessed, the confidence intervals
were quite wide. There may also have been other factors affecting an individual’s risk
of severe exacerbation not adjusted for in the analyses, such as baseline ICS dose,
previous exacerbation history, particulate or environmental exposures, treatment
adherence or socioeconomic factors, as this data was not collected at baseline. We did
not investigate whether the severe exacerbations were of viral and/or allergic etiology
and so differential associations based on exacerbation type could not be undertaken,
additionally, this study was not designed to investigate potential mechanisms relating
to the pathways associated with the Type 2 biomarkers studied, however, the positive
results for FeNO and IgE and negative results for eosinophils, might indicate that the
exacerbations in our population could be driven by IL-13 rather than IL-5. With respect
to lung function, we did not standardise the bronchodilator withdrawal criteria before
lung function testing in either the initial or the follow up study, which would have been

preferable for an analysis of lung function decline. The follow up rate of 64% was lower
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than anticipated and may have resulted in selection bias in our relatively small

population.

The patient’s reports of severe exacerbations of asthma were corroborated with
medical records where possible. All electronic records of severe exacerbations were
confirmed by the investigator, regardless of whether the event was reported by the
patient. Episodes where there was concordance between the patient-reported date of
severe exacerbation and medical records, were confirmed by the investigator. Where
the dates of severe exacerbations were not concordant with medical records, the
patient-reported severe exacerbation was not counted by the investigator, unless the
medical records could not be accessed such as severe exacerbations that occurred
outside of New Zealand (n=4) or where permission to access medical records was
declined by the primary healthcare provider (n=22). Given these small numbers, we do

not anticipate this resulted in significant recall bias with the data.

This study comprised of two asthmatic cohorts from previous studies, which were
recruited using different methodologies. The first cohort consisted of randomly
selected participants from the electoral role, resulting in the inclusion of patients with
mild to moderate asthma. The second cohort consisted of asthmatics on ICS and LABA
therapy, to include those with more severe disease. Despite differences in recruitment
methodology between the cohorts, baseline measurements for both studies were
undertaken using the same guidelines and laboratory assays. In addition, all

participants underwent baseline testing having been free from upper or lower
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respiratory tract infections for a minimum of three weeks, ensuring stability of disease

immediately before measurements were taken.

Whereas Type 2 ‘high’ asthma has been well characterised and described, Type 2 ‘low’
disease is relatively under-studied. It is likely to align with the broad group of non-
eosinophilic asthma which is an important clinical entity comprising of multiple
phenotypes with differing inflammatory profiles.?** Type 2 ‘low’ asthmatics may have
predominantly neutrophilic airway inflammation, which is the most common
inflammatory phenotype in severe exacerbations.?*? Significantly, Type 2 ‘low’ asthma
is relatively resistant to treatment with corticosteroid therapy, 32272223 gnd may be
the predominant mechanism in sudden-onset fatal asthma.?** Taken together, it may
explain why those with low baseline blood eosinophils were more likely to have a
greater decline in lung function at their follow up visit. Our findings suggest Type 2
‘low’ asthma may be highly prevalent among mild to moderate asthmatics in the
general population which has important clinical implications, given its relative steroid

insensitivity and lack of alternative treatment strategies available.

We conclude that the positive association between Type 2 biomarkers and risk of
severe exacerbations in populations with severe refractory asthma may not extend to
mild and moderate asthma. This study highlights the importance of Type 2 ‘low’
asthma as a phenotype associated with an increased risk of severe exacerbations in

mild to moderate asthmatics and which warrants further study.
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Chapter 5: Conclusions

5.1 Conclusions

Asthma is a common chronic disease with a significant healthcare burden. Despite
widespread use of inhaled corticosteroid, up to 10% of asthmatics remain poorly
controlled on conventional treatment. The emergence of biological therapies targeting
the Type 2 inflammatory pathway has highlighted the potential role surrogate
biomarkers have in identifying potential responders within a heterogeneous
population. Periostin is a potential biomarker for such a use, however there was a lack
of knowledge regarding its epidemiology both in non-asthmatic and asthmatic

populations.

In this thesis, | have presented a series of studies regarding the epidemiology of serum
periostin in non-asthmatic and asthmatic populations to establish whether or not it
would be useful in a clinical setting, compared to more established Type 2 biomarkers,

such as peripheral blood eosinophils, FeENO and serum IgE.

In summary, | found that serum periostin demonstrated a biphasic response to bone
injury, the magnitude and duration of which was proportional to bone size. Serum
levels remained elevated for up to six months after large joint replacement surgery.

However, in contrast, serum periostin did not change in response to simple or surgical
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tooth extractions. Although both these studies were conducted in non-asthmatic
adults, the findings are applicable to asthmatics as there is no difference in serum
periostin between asthmatic and non asthmatic populations.1®1°! These two studies
confirm that serum periostin can vary in response to conditions other than Type 2
asthma, and that the effects on serum levels can last over six months after the event.
This is of clinical relevance if serum periostin is to be used as a biomarker to identify

responders to monoclonal antibody therapy in asthma.

In stable asthma, serum periostin did not vary over eight weeks, showing little intra-
participant variability. However, there was demonstrably large inter-participant
variability in a relatively homogenous population with asthma. The lack of variability in
serum periostin in people with stable asthma is a desirable characteristic, if it is to be
used as a clinical measure of asthma control. However, the large variability in between
participants suggests that there may be significant intrinsic factors which can influence
serum levels. This was evident in Study 4 where serum periostin was higher in people
of Chinese ethnicity than their Caucasian counterparts, irrespective of asthma status. If
serum periostin is to be used in a clinical setting, race-dependent reference ranges will
be required, particularly if cut-points of serum periostin determine eligibility for

treatment with monoclonal antibody therapy in asthma.

Serum periostin changed in response to a severe exacerbation of asthma and its
treatment and remained low for up to four weeks after the start of the exacerbation.
This trend was in broad agreement with the time course of change of the other Type 2

biomarkers (peripheral blood eosinophils, FENO and serum IgE), although the patterns
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of change between the biomarkers did not completely overlap. This suggests that they
all represent different components of the Type 2 inflammatory pathway. The fact that
changes of the biomarkers lasted up to four weeks post-severe exacerbation is an
important consideration, particularly if these biomarkers are used to predict eligibility

to monoclonal antibody therapy in asthma.

The risk of a severe exacerbation of asthma was strongly associated with low baseline
FeNO levels and weakly associated with low baseline serum IgE levels. There was no
association between the risk of exacerbation and peripheral blood eosinophils or
serum periostin. The trend toward an inverse association between time to
exacerbation and Type 2 biomarkers was a surprising finding. The most likely
explanation is the high prevalence of non-Type 2 inflammation in the general
population, which has been previously suggested in the literature to be between 50
and 80%.%%%> This is clinically important given the difference in treatment

responsiveness and disease progression between Type 2 and non-Type 2 asthma.

The aim of this research was to establish the epidemiology of periostin in adults with
and without asthma and to try and establish whether or not it was a good biomarker in
asthma. It has previously been suggested the hallmarks of a good biomarker are to be
‘minimally invasive, easily measurable and reproducible’. Periostin meets these
criteria, and, from the wider literature, there is certainly a correlation between high
levels of periostin and Type 2 inflammation. However, the ubiquity of a protein
involved in a multitude of disease processes makes it difficult to delineate what a

clinically meaningful change in serum periostin is, as demonstrated in the bone injury
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study. In addition, periostin levels are affected by ethnicity, unstable asthma and
corticosteroid use, making the identification of suitable candidates for biological
therapy problematic. Finally, other biomarkers, such as blood eosinophils, are just as
good as periostin in identifying Type 2 asthma and come with cheaper, more readily

available assays.

Before | started this body of research, periostin was emerging as potential diagnostic
biomarker of asthma, identifying those with severe disease who would benefit from
monoclonal antibiody therapy directed against IL-13. However, | have found periostin
to be less discriminating as a surrogate biomarker: | have found that it does not
distinugish between asthma and non-asthma, nor does it usefully discriminate
between adults with severe and non-severe disease. This reseach has highlighted the
importance of non-asthma factors which contribute toward changes in biomarkers,
such as race or concurrent bone injury or use of corticosteroid. Larger observational
population-based studies such as ARIETTA%, U-BIOPRED?¢ and ADEPT?%¥, looking
specifically at biomarkers and disease-related health outcomes will hopefully shed

some light on the increasingly complex world of surrogate biomarkers.

Asthma is such a heterogenous condition that it is unlikely that one biomarker alone
will be sufficient in diagnosing or managing difficult to treat adults with asthma. |
suspect that composite biomarker systems will be developed to help stratify those
with asthma into categories based on severity, endotypes and help modify treatment

regimens, moving ever closer to individualised medicine.
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Appendix I:  Participant Information

Sheet for Study One

Participant Information Sheet

Study title: Serum periostin level in patients with bone fractures (PER04)

Locality: Medical Research Institute of Ethics committee ref.: 13/NTB/186
New Zealand

Lead Prof. Richard Beasley Contact phone number: 04 805 0147

investigator:

You are invited to take part in a study to determine the levels of periostin, a protein in
serum, over 6 months following a bone fracture, or hip or knee surgery, in a normal
population of adults aged 18-75 years. Whether or not you take part is your choice. If
you don’t want to take part, you don’t have to give a reason, and it won't affect the
care you receive. If you do want to take part now, but change your mind later, you can

pull out of the study at any time.

You will not be eligible to take part in this study if any of the following applies to you:
* You have asthma, bronchitis, or COPD
* You have had wheezing or used inhalers for your breathing in the last 12
months.
* You are known to be pregnant
* You have been admitted to hospital or had surgery in the last 3 months

* You have had oral or systemic steroids in the last 3 months.

This Participant Information Sheet will help you decide if you'd like to take part. It sets

out why we are doing the study, what your participation would involve, what the

benefits and risks to you might be, and what would happen after the study ends. We
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will go through this information with you and answer any questions you may have. We
expect this will take about 20 minutes. You may also want to talk about the study with
other people, such as family, whanau, friends, or healthcare providers. Feel free to do
this. The first blood sample we take (see below) will need to be within 48 hours of your

fracture occurring, so please let us know if you would like to participate before this.

If you agree to take part in this study, you will be asked to sign the Consent Form on
the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 7 pages long, including the Consent Form. Please make sure you have

read all the pages. If you require an interpreter, this will be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure. It is easily measured (by a blood test) and in
the future it may be used to determine the status of a person’s disease, including its
severity, if it is progressing or if it is no longer present. Proteins like periostin that can
allow doctors to assess a disease are known as biomarkers. This study is being
conducted to investigate the blood levels of periostin over 6 months following a bone

fracture to provide a more complete picture of periostin production.

We aim to have a total of 102 participants involved in this study.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study
is being funded by Genentech Inc, a member of the Roche Group. The study has been
approved by the Northern B Health and Disability Ethics Committee, reference number

13/NTB/186.

What would your participation involve?
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The study is being conducted at the Medical Research Institute of New Zealand, based
at Wellington Hospital. If you agree to be a part of the study you will answer a general
health questionnaire and have a blood test taken after signing the consent form. You

will then attend MRINZ for a further 6 visits to have a blood test taken.

Visit 1 Outline

After reading this information sheet and signing the informed consent form, the study
investigator provide you with a questionnaire which you will fill out in their presence.
The study investigator will then discuss your medical history and current medications
so that a full picture is gained of your current health. If required we will contact your
GP (with your permission) to clarify aspects of your medical history or current
medications. We will then take a small blood sample to measure serum periostin level
(this will be within 48 hours of your fracture occurring). This visit may take up to an

hour to complete.

Pre-operation Visit

If you are undergoing hip or knee replacement surgery and agree to be part of the
study (informed consent, as above), we will take a blood sample for measurement of
periostin before your operation. We will then take a blood sample as detailed above at

visit 1, up to 48 hours after your surgery.

Visits 2-7
You will then be asked to attend the MRINZ at one, two, four, eight, 12 weeks and 6
months after visit 1, to have a blood test to measure your periostin level. These visits

will take no more than half an hour to complete.

What are the possible benefits and risks to you of participating?

Benefits

There will be no direct benefit to you in participating in this study, you will however be

part of research which may benefit yourself and others in the future.

Study Procedure Risks/ Side Effects
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Blood Samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around a tablespoon of blood will
be taken at each study visit. In some cases we may require extra samples, for example

to re-do a test that could not be analysed.

Periostin will be analysed at a central laboratory outside of New Zealand, by
Genentech. This laboratory is:

Covance Central Laboratory Services

8211 Scicor Drive

Indianapolis, Indiana 46214

USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples will be stored for 5 years after the

study, by Genentech.

You may hold beliefs about a sacred and shared value of all or any tissue samples
removed. The cultural issues associated with sending your samples overseas and/or
storing your tissue should be discussed with your family/whanau as appropriate. There
are a range of views held by Maori around these issues; some iwi disagree with storage
of samples and advise their people to consult prior to participation in research where

this occurs. However it is acknowledged that individuals have the right to choose.

Cost
There will be no cost to you to take part in this study and you will be compensated $20

for your time and travel expenses to attend your study visits.

General Health Care

Your general health care remains with your GP throughout the time you are in the

study and if you experience any problems you should contact your usual health care
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provider. As part of the informed consent process we will ask for your permission to
inform your GP of any unexpected clinically significant findings.
As part of the study you will be seen by study investigators, study doctors and trained

staff who will conduct all the study specific assessments.

What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you won'’t be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor, (Medical Research Institute of New
Zealand), in line with current guidelines. We can give you a copy of these guidelines if
you wish. You would be able to take action through the courts if you disagreed with

the amount of compensation provided.

If you have private health or life insurance, you may wish to check with your insurer

that taking part in this study won't affect your cover.

What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in
this study, and if you choose not to take part it will in no way affect your future health
care. If you do agree to take part you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, as part of doing the study. By agreeing
to take part in this research, you will allow your medical information and results to be
seen by people who check that the research was done properly, for example the ethics
committee and study monitor. Nothing which could personally identify you will be
used in any reports on this study, or provided as part of future studies. Your personal
information (for example name, sex, age and medical conditions) and other
information will be identified by a study specific patient identification number (i.e.

coded). The study records will be stored securely during the course of the study and
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once it is completed. After all participants have completed the study and the data has
been monitored, the records will be archived for a minimum of 10 years as per New

Zealand regulations. The records will then be securely destroyed.

What will happen after the study ends, or if you pull out?
Once the study has finished and the data has been analysed the results will be made
available to you on your request. The sponsor may stop the study at any time. You may
be asked to leave the trial, for the following reasons:
* In the Investigator’s opinion it would not be in your best interest to continue in
the study
* Any safety concerns

* You do not follow instructions during the study visits

Where can you go for more information about the study, or to raise concerns or
complaints?
If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Dr Rachel Varughese
Phone: (04) 805 0236 /0278630361
E-mail: rachel.varughese @mrinz.ac.nz

For Maori health support, please contact:
Whanau Care Services, Cultural Care Centre, Level 2, Wellington Hospital
Phone: 0800 999442 or 04 806 0948

Email: wcs@ccdhb.org.nz

If you want to talk to someone who isn’t involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
Email: advocacy@hdc.org.nz
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You can also contact the health and disability ethics committee (HDEC) that approved
this study on:
Phone: 0800 4 ETHICS (0800 4 384 427)

Email: hdecs@moh.govt.nz
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Consent Form
Study title: Serum periostin levels in patients with bone fractures (PER04)
Participant Number:

Please tick to indicate you consent to the following:

| have read (or have had read to me in a language | understand) and understood

the Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this

study.

I have had the opportunity to use a legal representative, whanau/ family support or

a friend to help me ask questions and understand the study

| am satisfied with the answers | have been given regarding the study and | have a

copy of this consent form and information sheet.

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

| consent to the research staff collecting and processing my information, including

information about my health

| consent to my blood sample for Periostin to be sent overseas for storage and

analysis

If I decide to withdraw from the study, | agree that the information collected about

me up to the point when | withdraw may continue to be processed

| consent to my GP/ usual health care provider being informed of any significant

abnormal results obtained during the study

I understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study.

| understand the compensation provisions in case of injury during the study.

| agree to an approved auditor appointed by the New Zealand Health and Disability
Ethic Committees, or any relevant regulatory authority or their approved
representative reviewing my relevant medical records for the sole purpose of

checking the accuracy of the information recorded for the study.

| understand my responsibilities as a study participant.

| know who to contact if | have any questions about the study in general

| Yes
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| wish to receive a summary of the results from the study.

| give consent for study investigators to contact my GP/ usual health care

provider to clarify my medical history or current medications, if required

| give consent for study investigators to inform my GP/ usual health care

provider of my participation in this study

Declaration by participant:
| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:
| have given a verbal explanation of the research project to the participant, and have

answered the participant’s questions about it.

| believe that the participant understands the study and has given informed consent to

participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion
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Appendix Il: Protocol for Study One

Serum periostin level in patients with bone fractures
Protocol No.: PERO4

UTN: U1111-1150-0576

ANZCTRN: ACTRN12614000151639

Rationale

Periostin, initially named osteoblast-specific factor 2,'° is a matricellular protein
encoded by the POSTN gene (an IL-4/ IL-13 inducible gene) thought to be an adhesion
molecule because it possesses four fasciclin | domains.¢ Periostin has been shown to
be present in the periosteum and periodontal ligament being critical for the formation
and maintenance of bone and teeth.?®® Increased expression of the POSTN gene has
been measured following bone fracture and has been suggested as a specific marker

for preosteoblasts and periosteal callus formation in early fracture healing.**?

Levels of POSTN gene expression following fracture have been measured but as serum
periostin levels have not been measured following bone fractures it is difficult to
determine the clinical significance of increased POSTN gene expression. This study
endeavours to measure the serum periostin levels in participants with small bone and
large bone fractures and in participants undergoing hip or knee joint replacements to
determine if there are clinically significant changes in periostin levels following a

fracture.

This study has been initiated and designed by the Medical Research Institute of New
Zealand in collaboration with Genentech, Inc (a member of the Roche group). The
Institute is the Sponsor of this study and undertakes Sponsor responsibilities for the
purposes of ethical and any applicable regulatory requirements. Genentech are fully

funding the study.
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Objectives
To estimate the magnitude and time course changes in serum periostin following a

fracture.

Outcomes:
Primary outcome measure:

Serum periostin levels over a six month period following a fracture.

Secondary outcome measures:
Investigation of potential associations between serum periostin and the following:
Non-asthmatic health conditions (as captured by general health questionnaire e.g.

diabetes)

Study Design

Participants:
102 participants aged 18 to 75 will be studied including:
* 34 participants with a short-bone or phalangeal fracture
¢ 34 participants with a long bone fracture
* 34 participants undergoing hip or knee joint replacement surgery, or open

reduction internal fixation (ORIF) surgery

Inclusion Criteria
* Aged between 18 to 75 years
* Able to provide informed consent
* Experienced a fracture to short or long bone less than 48 hours prior, or

undergoing hip or knee joint replacement (as described above).

Exclusion Criteria
* Doctor’s diagnosis of Asthma, Bronchitis or COPD
* Wheezing or use of respiratory inhalers in the past 12 months

* Known pregnancy*
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* Significant co morbidities (determined at investigator discretion)

* Hospital admission within last 3 months

e Surgery within last 3 months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc).

* Systemic Corticosteroids within the last 3 months

* Any other safety concern at the investigator’s discretion

* If a potential subject is aware they are currently pregnant, or actively trying to conceive,
they will be excluded from the study as pregnancy can affect periostin expression. No
pregnancy test will be performed on women of childbearing potential as there are no

safety concerns relating to this study.

Study Procedures

Study Visits

Participants with fractures will be approached in fracture clinic or the emergency
department and offered information about the study. Participants who have been
treated and discharged outside of usual working hours will also be offered information

about the study.

They will then complete the following:
*  Written Informed Consent
* Completion of General Health Questionnaire
* Measurement of Body Mass Index (BMI)
* Laboratory samples for measurement of:
* Serum periostin level (within 48 hours of fracture, or time of surgery for those

undergoing hip/knee replacement or ORIF)

Participants will then attend MRINZ at one, two, four, eight, twelve weeks and six months

following the fracture to have periostin levels taken (7 visits in total). Participants
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undergoing surgery will be studied as above, except there will be an additional visit (and
blood test) pre-operation. For visits 2-6 there will be a visit window of +/- 3 days. If a
visit is delayed the calculated schedule of visit dates from baseline (visit 1) shall be
maintained. Any delays greater than +/- 3 days will be recorded as protocol deviations,

and included in the final analysis.

Informed Consent

Written Informed consent will be obtained according to ethical and GCP guidelines,
and will take place in either the fracture clinic or emergency department. Each
participant will sign an informed consent form at the visit, prior to conducting the

procedures listed above.

General Health Questionnaire

The health questionnaire will used to obtain the current health status of participants,
including a history of cancer, cardiovascular disease, gastro-oesophageal reflux
(GORD), rhinitis, sinusitis, and eczema (see appendix 1). As part of the assessment of
general health participants will undergo height and weight measurement to obtain

their BMI.

Laboratory Samples
All laboratory samples will be taken by the MRINZ study team, who are appropriately
trained in phlebotomy procedures. The first sample will be taken in the fracture clinic
or emergency department and the others will be taken at MRINZ.
Samples for the following tests will be sent to Genentech (or designee) to be analysed:
* Serum periostin level
* Serum periostin samples will be stored by Genentech for 5 years after the

study.

Safety Monitoring
Adverse Event Reporting
For the purposes of this study, the study duration is considered to start once the

informed consent form has been signed by the participant. The study period will be
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deemed to have ended when the study participant completes their last study visit and

leaves MRINZ premises.

Adverse Events

An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visit and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death
¢ Life-threatening event
* Permanently disabling or incapacitating event
* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for
elective reasons
* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current
guidelines. SAEs and AEs will be followed up until resolution, or judged to be
permanent. All SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours

of the study investigators becoming aware of the event.

Data Safety Monitoring Committee
Internal safety monitoring and review of safety events (adverse events and serious
adverse events) will be conducted by a Medical Research Institute non-study

Researcher.
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Data Handling/ Statistical Methods

Study Power

34 participants are sufficient to detect a paired difference in periostin of 0.5 of a
standard deviation with 80% power. The conventional interpretation of an effect size
of 0.5 of a standard deviation is of a medium effect size. For a comparison between
large and small bone fractures a sample size of 68 has 90% power to detect a 0.8

standard deviation difference, a large effect size difference.

Statistical analysis

The periostin levels will be plotted against time and a non-parametric scatter plot
smoother will be used to determine if there is a pattern of variation with time that
might be usefully explored with parametric regression (e.g. linear, quadratic, cubic
time terms). Paired t-test and mixed linear models will be used to compare the six
month periostin level with measurements at the other times to formally compare the
change with time.

If a highly skew distribution is found we may need to perform the analyses on the log

transformed scale.
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Appendix lll: Participant Information

Sheet for Study Two

Participant Information Sheet

Study title: Serum periostin levels in participants undergoing dental extractions
(PERO5)

Locality: Medical Research Institute of New Ethics committee  13/NTB/187
Zealand ref..

Lead Prof. Richard Beasley Contact phone 04 805

investigator: number: 0147

You are invited to take part in a study to determine the levels of periostin, a protein in
serum, over 12 weeks following dental surgery, in a normal population of adults aged
18-75 years. Whether or not you take part is your choice. If you don’t want to take
part, you don’t have to give a reason, and it won’t affect the care you receive. If you
do want to take part now, but change your mind later, you can pull out of the study at

any time.

You will not be eligible to take part in this study if any of the following applies to you:
* You have asthma, bronchitis, or COPD
* You have had wheezing or used inhalers for your breathing in the last 12
months.
* You are known to be pregnant
* You have been admitted to hospital or had surgery in the last 3 months

* You have had oral or systemic steroids in the last 3 months.
This Participant Information Sheet will help you decide if you'd like to take part. It sets

out why we are doing the study, what your participation would involve, what the

benefits and risks to you might be, and what would happen after the study ends. We
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will go through this information with you and answer any questions you may have. We
expect this will take about 20 minutes. You may also want to talk about the study with
other people, such as family, whanau, friends, or healthcare providers. Feel free to do

this.

If you agree to take part in this study, you will be asked to sign the Consent Form on
the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 7 pages long, including the Consent Form. Please make sure you have

read all the pages. If you require an interpreter, this will be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure. It is easily measured (by a blood test) and in the
future it may be used to determine the status of a person’s disease, including its
severity, if it is progressing or if it is no longer present. Proteins like periostin that can
allow doctors to assess a disease are known as biomarkers. This study is being
conducted to investigate the blood levels of periostin over 12 weeks following dental

surgery to provide a more complete picture of periostin production.

We aim to have a total of 68 participants involved in this study.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study
is being funded by Genentech Inc, a member of the Roche Group. The study has been
approved by the Northern B Health and Disability Ethics Committee, reference number

13/NTB/187.
What would your participation involve?

The study is being conducted at the Medical Research Institute of New Zealand and

dental clinics based in the Wellington Region. If you agree to be a part of the study you
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will answer a general health questionnaire and have a blood test taken after signing
the consent form. We will need to take the blood test within 1 week of your tooth
extraction, so please let us know if you decide to take part before this. You will then
attend MRINZ, the dental clinic, or an MRINZ approved laboratory for a further 6 visits

to have a blood test taken.

Visit Outline

After reading this information sheet and signing the informed consent form, the study
investigator will provide you with a questionnaire which you will fill out in their
presence. The study investigator will then discuss your medical history and current
medications so that a full picture is gained of your current health. If required we will
contact your GP (with your permission) to clarify aspects of your medical history or
current medications. We will take a small blood sample to measure serum periostin

level

Visits 2-7
You will then be asked to attend the MRINZ at one, two, three, four, six and 12 weeks
after visit 1, to have a blood test to measure your periostin level. This should take no

more than half an hour.

What are the possible benefits and risks to you of participating?
Benefits
There will be no direct benefit to you in participating in this study, you will however be

part of research which may benefit yourself and others in the future.

Study Procedure Risks/ Side Effects

Blood Samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around a tablespoon of blood will

be taken at each study visit. In some cases we may require extra samples, for example
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to re-do a test that could not be analysed. Periostin will be analysed at a central
laboratory outside of New Zealand, by Genentech. This laboratory is:

Covance Central Laboratory Services

8211 Scicor Drive

Indianapolis, Indiana 46214

USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples analysed locally will be destroyed by
the laboratory once the results are reported. The samples sent to Genentech will be
stored for 5 years after the study. You may hold beliefs about a sacred and shared
value of all or any tissue samples removed. The cultural issues associated with sending
your samples overseas and/or storing your tissue should be discussed with your
family/whanau as appropriate. There are a range of views held by Maori around these
issues; some iwi disagree with storage of samples citing whakapapa and advise their
people to consult prior to participation in research where this occurs. However it is

acknowledged that individuals have the right to choose.

Cost

There will be no cost to you to take part in this study and you will be compensated for
your time to attend your study visits. Any reasonable travel expenses incurred
travelling to Wellington Hospital from outside the Wellington Central area, will be
reimbursed if the money received for study visits does not cover your costs. You will

receive $70 for the first visit and $30 for each visit thereafter.

General Health Care

Your general health care remains with your GP throughout the time you are in the
study and if you experience any problems you should contact your usual health care
provider. As part of the informed consent process we will ask for your permission to
inform your GP of any unexpected clinically significant findings. As part of the study
you will be seen by study investigators, study doctors and trained staff who will

conduct all the study specific assessments.
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What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you won'’t be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor, (Medical Research Institute of New
Zealand), in line with current guidelines. We can give you a copy of these guidelines if
you wish. You would be able to take action through the courts if you disagreed with
the amount of compensation provided. If you have private health or life insurance, you
may wish to check with your insurer that taking part in this study won't affect your

cover.

What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in
this study, and if you choose not to take part it will in no way affect your future health
care. If you do agree to take part you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, as part of doing the study. By agreeing to
take part in this research, you will allow your medical information and results to be
seen by people who check that the research was done properly, for example the ethics
committee and study monitor. Nothing which could personally identify you will be
used in any reports on this study, or provided as part of future studies. Your personal
information (for example name, sex, age and medical conditions) and other
information will be identified by a study specific patient identification number (i.e.
coded). The study records will be stored securely during the course of the study and
once it is completed. After all participants have completed the study and the data has
been monitored, the records will be archived for a minimum of 10 years as per New

Zealand regulations. The records will then be securely destroyed.
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What will happen after the study ends, or if you pull out?
Once the study has finished and the data has been analysed the results will be made
available to you on your request. The sponsor may stop the study at any time. You may
be asked to leave the trial, for the following reasons:
* In the Investigator’s opinion it would not be in your best interest to continue in
the study
* Any safety concerns

* You do not follow instructions during the study visits

Where can you go for more information about the study, or to raise concerns or
complaints?
If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Ruth Semprini
Phone: 805 0232
E-mail: ruth.semprini@mrinz.ac.nz

For Maori health support, please contact:
Whanau Care Services, Cultural Care Centre, Level 2, Wellington Hospital
Phone: 0800 999442 or 04 806 0948

Email: wcs@ccdhb.org.nz

If you want to talk to someone who isn’t involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
Email: advocacy@hdc.org.nz

You can also contact the health and disability ethics committee (HDEC) that approved
this study on:
Phone: 0800 4 ETHICS (0800 4 384 427)

Email: hdecs@moh.govt.nz
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Consent Form

Study title: Serum periostin levels in participants undergoing major dental surgery
(PERO5)
Participant Number:

Please tick to indicate you consent to the following:

| have read (or have had read to me in a language | understand) and understood the

Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this study

I have had the opportunity to use a legal representative, whanau/ family support or a

friend to help me ask questions and understand the study

| am satisfied with the answers | have been given regarding the study and | have a copy

of this consent form and information sheet

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

| consent to the research staff collecting and processing my information, including

information about my health

| consent to my blood sample for Periostin to be sent overseas for storage and analysis

If I decide to withdraw from the study, | agree that the information collected about me

up to the point when | withdraw may continue to be processed

| consent to my GP or current health care provider being informed of any significant

abnormal results obtained during the study

| understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study

| understand the compensation provisions in case of injury during the study

| agree to an approved auditor appointed by the New Zealand Health and Disability
Ethic Committees, or any relevant regulatory authority or their approved
representative reviewing my relevant medical records for the sole purpose of checking

the accuracy of the information recorded for the study

| understand my responsibilities as a study participant

| know who to contact if | have any questions about the study in general
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Yes

No

| wish to receive a summary of the results from the study

| give consent for study investigators to contact my GP/ usual health care provider

to clarify my medical history or current medications, if required

| give consent for study investigators to inform my GP/ usual health care provider

of my participation in this study

Declaration by participant:

| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:

| have given a verbal explanation of the research project to the participant, and have
answered the participant’s questions about it. | believe that the participant understands

the study and has given informed consent to participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion
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Appendix IV: Protocol for Study Two

Serum periostin levels in participants undergoing major dental surgery
Protocol No.: PERO5

UTN: U1111-1150-3950

ANZCTRN: ACTRN12614000152628

Rationale

Periostin, initially named osteoblast-specific factor 2,'° is a matricellular protein
encoded by the POSTN gene (an IL-4/ IL-13 inducible gene) thought to be an adhesion
molecule because it possesses four fasciclin | domains.*¢ Periostin has been shown to
be present in the periosteum and periodontal ligament being critical for the formation

and maintenance of bone and teeth.2®

Periostin is associated with type | collagen in the periodontal ligament where it
regulates fibrillogenesis and the biomechanical properties of connective tissue around
the tooth.'® Increased expression of the POSTN gene has been measured in the
periodontal ligament on occlusal loading, investigators concluding that periostin is

therefore essential for the integrity and function of the ligament.%©

The serum levels of periostin following dental surgery have not yet been investigated.

This study of the magnitude and longitudinal changes in serum periostin levels in
participants undergoing dental surgery endeavours to determine the clinical
significance of periostin following dental surgery. Results from this study will provide a
clearer picture of periostin production and further the development of periostin as a

serum biomarker for asthma.
This study has been initiated and designed by the Medical Research Institute of New

Zealand in collaboration with Genentech, Inc (a member of the Roche group). The

Institute is the Sponsor of this study and undertakes Sponsor responsibilities for the
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purposes of ethical and any applicable regulatory requirements. Genentech are fully

funding the study.

Objectives

To estimate the magnitude and time course changes in serum periostin following

dental extractions, with or without surgery.

Outcomes:

Primary outcome measure:

Serum periostin levels over a 12 week period following dental extraction

Secondary outcome measures:
Investigation of potential associations between serum periostin and the following:
Non-asthmatic health conditions (as captured by general health questionnaire e.g.

diabetes)

Study Design

Participants:
Participants attending a dental clinic, for dental extraction/surgery.
68 participants aged 18 to 75 will be studied including participants undergoing a simple

and/or surgical tooth extractions.

For the purposes of this study a ‘surgical’ tooth extraction requires cutting into bone to
remove the tooth. Simple tooth extractions do not involve the bone. If the participant
is not sure of what type of extraction they are scheduled to have, clarification should

be sought by the study investigator from the Dentist performing the extraction.

Inclusion Criteria

* Aged between 18 to 75 years
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Able to provide informed consent

Scheduled for dental extraction + surgery

Exclusion Criteria

Doctor’s diagnosis of Asthma, Bronchitis or COPD

Wheezing or use of respiratory inhalers in the past 12 months

Known pregnancy*

Significant co morbidities (determined at investigator discretion)

Hospital admission within last 3 months

Surgery within last 3 months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc).

Oral or Systemic Corticosteroids within the last 3 months

Any other safety concern at the investigator’s discretion

* If a potential subject is aware they are currently pregnant, or actively trying to

conceive, they will be excluded from the study.

Study Procedures

Study Visits

Participants will be identified through dental surgery lists at designated dental clinics.

Participants will be offered information on the study and if they consent they will

complete a general health questionnaire in the presence of a study investigator and

then have a pre-surgery/extraction blood sample taken. This sample will be taken up

to one week prior to the simple tooth extraction, or surgery. Participants will be

approached at the dental clinic and the following will be completed:

Written Informed Consent
Completion of General Health Questionnaire*
Measurement of Body Mass Index (BMI)#

Laboratory samples for measurement of:
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* Serum periostin level

*Should it not be possible to complete the General Health Questionnaire and BMI at
Visit 1 (e.g. due to participant time constraints), then this may be completed at Visit 2
(week one). Smoking and exercise history on the General Health Questionnaire will be
captured up to the date of Visit 1 only. Participants will then attend MRINZ, an MRINZ
designated laboratory, or the dental clinic as convenient, at one, two, three, four, six
and 12 weeks following dental extraction, to have periostin levels taken (7 visits in
total). If necessary, blood samples may be taken at the participant’s home, in line with
MRINZ health and safety policy. For visits 2-7 there will be a visit window of +/- 3 days.
If a visit is delayed the calculated schedule of visit dates from baseline (visit 1) shall be
maintained. Any delays greater than +/- 3 days will be recorded as protocol deviations,

and included in the final analysis.

Visit Schedule:

Visit Number Scheduled time

Visit 1 Up to 1 week prior to extraction

Visit 2 1 week POST extraction (+/- 3 Days)
Visit 3 2 weeks POST extraction (+/- 3 days)
Visit 4 3 weeks POST extraction (+/- 3 days)
Visit 5 4 weeks POST extraction (+/- 3 days)
Visit 6 6 weeks POST extraction (+/- 3 days)
Visit 7 12 weeks POST extraction (+/- 3 days)

Informed Consent
Written informed consent will be obtained according to ethical and GCP guidelines,
and will take place at the dental clinic. Each participant will sign an informed consent

form at the visit, prior to conducting the procedures listed above.

General Health Questionnaire

The health questionnaire will be used to obtain the current health status of
participants, including a history of cancer, cardiovascular disease, gastro-oesophageal
reflux (GORD), rhinitis, sinusitis, and eczema (see appendix 1). As part of the
assessment of general health participants will undergo height and weight

measurement to obtain their BMI.
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Laboratory Samples
All laboratory samples will be taken by staff appropriately trained in phlebotomy
procedures. Samples may be taken at the dental clinic, the MRINZ, or a laboratory site

approved by the MRINZ, or the participant’s home, as outlined in study visits.

Samples for the following tests will be sent to Genentech (or designee) to be analysed:
* Serum periostin level

e Safety Monitoring

Adverse Event Reporting

For the purposes of this study, the study duration is considered to start once the
informed consent form has been signed by the participant. The study period will be
deemed to have ended when the study participant completes their final study visit and

leaves MRINZ premises.

Adverse Events

An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visit and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death
* Life-threatening event
* Permanently disabling or incapacitating event
* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for

elective reasons
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* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current
guidelines. SAEs and AEs will be followed up until resolution, or judged to be
permanent. All SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours

of the study investigators becoming aware of the event.

Data Safety Monitoring Committee
Internal safety monitoring and review of safety events (adverse events and serious
adverse events) will be conducted by a Medical Research Institute non-study

Researcher.

Data Handling/ Statistical Methods

Study Power

While the final balance of participants between simple and surgical extractions will not
be known until the end of recruitment, 34 participants in each group are sufficient to
detect a paired difference in periostin of 0.5 of a standard deviation with 80% power.
The conventional interpretation of an effect size of 0.5 of a standard deviation is of a
medium effect size. For a comparison between large and small dental procedures a
sample size of 68 has a 90% power to detect a 0.8 standard deviation difference, a

large effect size difference.

Statistical analysis

The periostin levels will be plotted against time and a non-parametric scatter plot
smoother will be used to determine if there is a pattern of variation with time that
might be usefully explored with parametric regression (e.g. linear, quadratic, cubic
time terms). Paired t-test and mixed linear models will be used to compare the 12
week periostin level with measurements at the other times to formally compare the
change with time. If a highly skew distribution is found we may need to perform the

analyses on the log transformed scale.
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Appendix V: Participant Information

Sheet for Study Three

Study title: Periostin levels in those of Chinese descent (PER0O7)

Locality: Medical Research Institute  Ethics 13/NTB/190
of New Zealand committee ref.:

Lead Prof. Richard Beasley Contact phone 04 805 0147

investigator: number:

You are invited to take part in a study to determine the levels of periostin, a protein in
serum, in an asthmatic population of adults aged 18-75 years, of Chinese descent.
Whether or not you take part is your choice. If you don’t want to take part, you don't
have to give a reason, and it won't affect the care you receive. If you do want to take
part now, but change your mind later, you can pull out of the study at any time.
You will not be eligible to take part in this study if any of the following applies to you:

* You are pregnant

* You have been admitted to hospital or had surgery in the last 3 months

* You have had a bone fracture in the last 3 months

* Current smoker, or a former smoker ( >10 pack-years)

* You currently have (or within the 3 weeks prior to visit) a respiratory tract

infection

This Participant Information Sheet will help you decide if you'd like to take part. It sets
out why we are doing the study, what your participation would involve, what the
benefits and risks to you might be, and what would happen after the study ends. We
will go through this information with you and answer any questions you may have. We
expect this will take about 20 minutes. You may also want to talk about the study with
other people, such as family, whanau, friends, or healthcare providers. Feel free to do

this. If you agree to take part in this study, you will be asked to sign the Consent Form
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on the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 8 pages long, including the Consent Form. Please make sure you have

read all the pages. If you require an interpreter, this will be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure. It is easily measured (by a blood test) and in the
future it may be used to determine the status of a person’s disease, including its
severity, if it is progressing or if it is no longer present. Proteins like periostin that can
allow doctors to assess a disease are known as biomarkers.

This study is being conducted to determine the normal population reference range for
periostin in adults of Chinese descent as there has been indication from previous
studies that periostin levels may differ in those of Chinese heritage. This study is also
looking to see if there is a difference in periostin levels in asthmatic and non-asthmatic
participants of Chinese descent. We aim to recruit a total of 68 participants in this part
of the study; 34 participants with mild asthma and another 34 participants with
moderate/severe asthma. For this study, participants with mild and moderate/severe
asthma is defined as participants treated with short-acting B-agonist (SABA) only and
participants treated with SABA and inhaled corticosteroid therapy (ICS) respectively.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study
is being funded by Genentech Inc, a member of the Roche Group. The study has been
approved by the Northern B Health and Disability Ethics Committee, reference number

13/NTB/190.

What would your participation involve?
The study is being conducted at the Medical Research Institute of New Zealand
(MRINZ). If you agree to be a part of the study you will need to attend the research

facility for one visit lasting approximately 100 minutes (slightly more than an hour and
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a half). The study visit will involve breathing exercises (including spirometry tests), and
a blood test. You will also be asked to fill out a general health questionnaire and
discuss your medical history and current medications. You will be asked to bring in
your current medications and to withhold the following prior to the breathing tests:

* Withhold caffeine for 6 hours prior to your appointment.

* Withhold food for 1 hour prior to your appointment

Visit Outline

After reading this information sheet and signing the informed consent form, the study
investigator provide you with two respiratory health questionnaires which you will fill
out in their presence. A third questionnaire about your general health will be
administered by the investigator. The study investigator will then discuss your current
medications so that a full picture is gained of your current health. If required, we will
contact your GP (with your permission) to clarify aspects of your medical history or
current medications. You will also be asked to complete a genogram for you, your

parents and your grandparents, to document ethnicity and country of birth.

We will measure nitric oxide (a gas that you normally breathe out) by asking you to
breathe into a tube. To check the health and function of your lungs you will be asked
to do some breathing exercises. You will then follow the instructions given to you by
the investigator, for a few minutes. This test will be done so that 3 of your best
measurements are recorded. This may take up to 8 measurements (or more if you
agree) in total, so that we can record the best results.

We will take a small blood sample, to measure your full blood count, urea, electrolytes
and creatinine as well as serum IgE, serum periostin level and other immune mediated

biomarkers.

Travel

If you live in a region of New Zealand other than Auckland or Wellington, we will
arrange for you to attend your study visit at MRINZ in Wellington and pay for all
associated travel costs. This might involve air travel and an extra time commitment on

your part besides the time required for the study visit itself.
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What are the possible benefits and risks to you of participating?
Benefits
There will be no direct benefit to you in participating in this study, you will however be

part of research which may benefit yourself and others in the future.

Study Procedure Risks/ Side Effects

Blood Samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around 2 tablespoons of blood will
be taken during the study. In some cases we may require extra samples, for example to
re-do a test that could not be analysed. A local laboratory will analyse your full blood
count, urea, electrolytes and creatinine as well as serum IgE.

Periostin will be analysed at a central laboratory outside of New Zealand, by
Genentech. This laboratory is:

Covance Central Laboratory Services

8211 Scicor Drive

Indianapolis, Indiana 46214

USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples analysed locally will be destroyed by
the laboratory once the results are reported. The samples sent to Genentech will be
stored for 5 years after the study. You may hold beliefs about a sacred and shared
value of all or any tissue samples removed. The cultural issues associated with sending
your samples overseas and/or storing your tissue and/or undertaking genetic analysis
on them should be discussed with your family/whanau as appropriate. There are a
range of views held by Maori around these issues; some iwi disagree with storage of
samples and genetic testing citing whakapapa and advise their people to consult prior
to participation in research where this occurs. However, it is acknowledged that

individuals have the right to choose.
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Breathing Exercises

You may feel some discomfort during or after performing the breathing exercises,
however this will be transient and you will be monitored constantly throughout the
tests by trained technicians/ study investigators. You will be seated at all times for the
tests.

Cost

There will be no cost to you to take part in this study and you will be compensated $50

for your time and travel expenses (if you live in Wellington) to attend your study visit.

General Health Care

Your general health care remains with your GP throughout the time you are in the
study and if you experience any problems you should contact your usual health care
provider. As part of the informed consent process we will ask for your permission to
inform your GP of any unexpected clinically significant findings.

As part of the study you will be seen by study investigators, study doctors and trained

staff who will conduct all the study specific assessments.

What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you won'’t be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor (Medical Research Institute of New
Zealand), in line with current guidelines. We can give you a copy of these guidelines if
you wish. You would be able to take action through the courts if you disagreed with
the amount of compensation provided. If you have private health or life insurance, you
may wish to check with your insurer that taking part in this study won't affect your

cover.
What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in

this study, and if you choose not to take part it will in no way affect your future health
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care. If you do agree to take part you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, as part of doing the study.

By agreeing to take part in this research, you will allow your medical information and
results to be seen by people who check that the research was done properly, for
example the ethics committee and study monitor. Nothing which could personally
identify you will be used in any reports on this study, or provided as part of future
studies. Your personal information (for example name, sex, age and medical
conditions) and other information will be identified by a study specific patient
identification number (i.e. coded). The study records will be stored securely during the
course of the study and once it is completed. After all participants have completed the
study and the data has been monitored, the records will be archived for a minimum of

10 years as per New Zealand regulations. The records will then be securely destroyed.

What will happen after the study ends, or if you pull out?
Once the study has finished and the data analysed, the results will be made available
to you on your request. You may also request a copy of your individual lung function
results.
The sponsor may stop the study at any time. You may be asked to leave the trial, for
the following reasons:

* In the Investigator’s opinion it would not be in your best interest to continue in

the study
* Any safety concerns

* You do not follow instructions during the study visit

Where can you go for more information about the study, or to raise concerns or

complaints?
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If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Evan Tan
Phone: 04 805-0249
E-mail: evan.tan@mrinz.ac.nz

For Maori health support, please contact:

Whanau Care Services, Cultural Care Centre, Level 2, Wellington Hospital
Phone: 0800 999442 or 04 806 0948

Email: wcs@ccdhb.org.nz

If you want to talk to someone who isn’t involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
Email: advocacy@hdc.org.nz

You can also contact the health and disability ethics committee (HDEC) that approved
this study on:
Phone: 0800 4 ETHICS (0800 4 384 427)

Email: hdecs@moh.govt.nz
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Consent Form

Study title: Periostin levels in those of Chinese descent (PER07)

Participant Number:

Please tick to indicate you consent to the following:

| have read (or have had read to me in a language | understand) and understood the

Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this study

| have had the opportunity to use a legal representative, whanau/ family support or a

friend to help me ask questions and understand the study

| am satisfied with the answers | have been given regarding the study and | have a copy

of this consent form and information sheet

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

I consent to the research staff collecting and processing my information, including

information about my health

| consent to my blood sample for Periostin to be sent overseas for storage and analysis

If | decide to withdraw from the study, | agree that the information collected about me

up to the point when | withdraw may continue to be processed

| consent to my GP/ usual health care provider being informed of any significant

abnormal results obtained during the study

| understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study.

| understand the compensation provisions in case of injury during the study

| agree to an approved auditor appointed by the New Zealand Health and Disability
Ethic Committees, or any relevant regulatory authority or their approved

representative reviewing my relevant medical records for the sole purpose of checking

| understand my responsibilities as a study participant

I know who to contact if | have any questions about the study in general
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Yes No

| wish to receive a summary of the results from the study.

Yes No

| give consent for study investigators to contact my GP/ usual health care

provider to clarify my medical history or current medications, if required

Declaration by participant:

| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:
| have given a verbal explanation of the research project to the participant, and have

answered the participant’s questions about it.

| believe that the participant understands the study and has given informed consent to

participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion

232 |Page



Declaration by member of research team:
| have given a verbal explanation of the research project to the participant, and have

answered the participant’s questions about it.

| believe that the participant understands the study and has given informed consent to

participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion
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Appendix VI: Protocol for Study Three

Protocol

Periostin levels in those of Chinese descent
Protocol No.: PERO7

UTN: U1111-1150-5103

ANZCTRN: ACTRN12614000122651

Rationale

Periostin is a matricellular protein encoded by the POSTN gene (an IL-4/ IL-13 inducible
gene) thought to be an adhesion molecule because it possesses four fasciclin |
domains.* Periostin has been shown to be secreted in the extracellular matrix from

the basolateral surface of bronchial epithelial cells after stimulation with IL-13.%8

Periostin has been studied predominantly in patients with asthma, expression levels of
the POSTN gene corresponding to reticular basement membrane thickness an
indicator of subepithelial fibrosis.”® Periostin is thought to enhance fibrosis in the
airways by binding to other extracellular proteins collagen, fibronectin and tenascin
C.%¥ Periostin levels correlate with eosinophilic airway inflammation and may also have
a role in TH2 driven inflammation as seen in nasal polyps, eosinophilic oesophagitis,

allergic rhinitis and atopic dermatitis.

Increased expression of the POSTN gene has been measured following bone fracture
and has been suggested as a specific marker for preosteoblasts and periosteal callus
formation in early fracture healing.'” Periostin has also been shown to be present in
the periosteum and periodontal ligament being critical for the formation and

maintenance of bone and teeth.23#
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Periostin has also been shown to have a role in the repair of both skin and cardiac
tissue following injury?*® and to be expressed by various types of cancer as well as

being involved in the formation of distant metastases.?®

Periostin levels have been measured in a number of tissues and disease states and
recent results from studies measuring serum periostin levels have indicated that there
may be a difference in serum periostin levels in patients of Chinese descent. This study
endeavours to provide serum periostin levels in a 1%t and 2™ generation healthy
Chinese population which will then be compared to levels found in healthy Caucasians.
Results from this study will be used to determine whether a serum periostin reference

range is required for the Chinese population.

This study has been initiated and designed by the Medical Research Institute of New
Zealand (MRINZ) in collaboration with Genentech, Inc (a member of the Roche group).
The Institute is the Sponsor of this study and undertakes Sponsor responsibilities for
the purposes of ethical and any applicable regulatory requirements. Genentech are

fully funding the study.

Objectives
* To determine a serum periostin reference range for an adult Chinese
population.
* To compare serum periostin levels in Caucasian and Chinese populations.
* To determine if country of birth influences periostin levels.
* To determine if there is a difference in periostin levels between Chinese adults

with and without asthma.

Outcomes:

Primary outcome measure:

e Reference range (mean, median and 90% confidence intervals) of periostin

levels in a non-asthmatic adult Chinese population.
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Main secondary outcome measures:

Comparison of the periostin levels in non-asthmatic Caucasian and Chinese
populations.

Comparison of the periostin levels in non-asthmatic and asthmatic Chinese
adults.

Determine the effects of country of birth (New Zealand and Australia vs Asia)
on periostin levels.

Comparison of the FeNO, blood eosinophil and serum IgE levels in non-
asthmatic Caucasian and Chinese populations.

Comparison of periostin levels between mild and moderate/severe asthmatics

of Chinese descent.

Exploratory outcome measures (RCR only):

Other immune mediated biomarkers

DNA and RNA- based biomarker analyses

Study Design

Participants:

The study will consist of two groups of adult Chinese participants making up a total of

188 adults aged 18 to 75 years, and 364 Caucasian adults (already investigated).

Group 1: consists of 120 non-asthmatic participants, with at least 20 participants (10

male and 10 female) recruited to each of the following four age bands; 18-30, 31-45,

46-60 and 61-75 years.

A total of 364 Caucasian adults aged 18 to 75 years, studied in ‘Periostin Study 1”

(reference ranges for serum periostin in a population without asthma or COPD), that

meet the smoking criteria of this study (Periostin Study 7), will be included as the

Caucasian reference population.

236|Page



Group 2: consists of 68 participants with a doctor’s diagnosis of asthma, aged 18 to 75

years. More specifically, the participants will include:

34 participants with mild asthma; participants treated with short-acting -
agonist (SABA) only
34 participants with moderate/severe asthma; participants treated with at least

inhaled corticosteroid (ICS) therapy.

Inclusion Criteria

Between 18 to 75 years of age

Able to provide written informed consent

Born in New Zealand, Australia, China, Hong Kong, Taiwan, Singapore or other
countries in Asia

Of Chinese descent, more specifically:

Both parents that self-identify as ethnic Chinese

Residing in New Zealand for more than one year at Visit 1

For Group 1 (non-asthmatics?), at least 10 male and 10 female participants will
be recruited to each of the following four age bands; 18-30, 31-45, 46-60 and
61-75 years.

For Group 2 (asthmatics), participants will have a current diagnosis of asthma.
34 will have mild asthma (treated with a SABA) and 34 will have

moderate/severe asthma (treated with an ICS).

*Potential subjects with a historic diagnosis of asthma or bronchitis will be deemed

eligible for the study. This is defined as the subject having had no symptoms of asthma

or bronchitis, and has neither taken nor had prescribed any medications for the

treatment of those conditions, within 10 years prior to the study visit. A prior diagnosis

of COPD at any time will result in exclusion of a potential subject. This is consistent

with ‘Periostin Study 1’ and will enable comparison between the two groups.

Exclusion Criteria

Group 1

Doctor’s diagnosis of Asthma, Chronic Bronchitis or COPD
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Wheezing or use of respiratory inhalers in the past 12 months

Systemic Corticosteroids within the last three months

Group 1and 2

Current smoker, or former smoker with a smoking history of > 10 pack-years.
Known pregnancy*

First six weeks post-partum

Significant co morbidities (determined at investigator discretion)

Hospital admission within last three months

Surgery within last three months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc).

Bone fracture within the last three months

Active (current, or within the three weeks prior to the visit) upper or lower
respiratory tract infection

Any other safety concern at the investigator’s discretion

*If a potential subject is aware they are currently pregnant, or actively trying to

conceive, they will be excluded from the study as pregnancy can affect FeNO,

eosinophil and spirometry results. No pregnancy test will be performed on women of

childbearing potential as there are no safety concerns relating to this study.

Participants may be re-screened at a suitable time should it become apparent they

cannot fulfil eligibility criteria at their initial visit (for example they are experiencing a

respiratory infection).

Study Procedures

Study Visits

Participants will present at the research facility (MRINZ or Optimal Clinical Trials) for a

single visit, with the following procedures being completed:

Written Informed Consent
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Completion of General Health Questionnaire

Completion of Genogram (to document ethnicity and country of birth of
participant, participant’s parents and participant’s grandparents)

Measurement of Body Mass Index (BMI)

Spirometry assessment (Measurement of FEV, and FVC)

Measurement of FeNO

In participants with Asthma, two respiratory health questionnaires will be

administered to determine current asthma control (ACQ-5 and AQLQ-S). Self-reported

date of last use of oral steroids and exacerbation of asthma will be documented.

Laboratory samples for measurement of:

Full blood count (including differential white cell count)

Creatinine, urea and electrolytes

Serum IgE

Serum periostin level

Serum, DNA and RNA based biomarker analyses will also be conducted on
samples collected for the Roche Clinical Repository (RCR). These samples will
only be collected from participants who provide consent on the RCR informed
consent form which is a separate consent to the main study (see Optional

samples for RCR).

Informed Consent

Written informed consent will be obtained according to ethical and Good Clinical

Practice (GCP) guidelines, and will take place at the research facility. Each participant

will sign an informed consent form at the visit, prior to conducting the procedures

listed above.

In order to allow completion of the study in one visit, participants will be requested to

avoid eating for one hour and ingesting caffeine for six hours prior to the testing being

performed, provided ethical approval is given to allow the request for abstinence prior

to the participant signing the informed consent form. If a participant has not abstained
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as required at their initial visit, informed consent may be obtained and the participant
may return at a future date to complete the study visit in full, provided they have

fulfilled the abstinence requirements at the second visit.

General Health Questionnaire

The health questionnaire will used to obtain the current health status of participants,
including a history of cancer, cardiovascular disease, gastro-oesophageal reflux
(GORD), rhinitis, sinusitis, and eczema (see appendix one). As part of the assessment of
general health participants will undergo height and weight measurement to obtain
their BMI. Participants will also complete a genogram in order to determine their

ethnicity to three generations, including the country of birth of each generation.

Respiratory Health Questionnaires

The Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ-S) is a
validated 32 question self-administered questionnaire that will be used to obtain
severity of asthma in the two weeks prior to study visit.

The Asthma Control Questionnaire (ACQ-5) is a validated 7 question self-administered
guestionnaire (only the first 5 questions are scored) that will be used to obtain severity

of asthma in the 1 week prior to study visit.

Lung Function Tests

Nitric Oxide

Nitric oxide (FeNO) will be measured using a nitric oxide monitor (NIOX MINO;
Aerocrine AB, Solna, Sweden) according to the ATS guidelines published in 2005.
Seated subjects will exhale fully and then inhale ambient air through a nitric oxide
scrubber to total lung capacity. Subjects will then exhale against an automatically
adjusting resistance to achieve a constant exhalation flow rate of 50 ml/s +/- mils.
Resistance will be adjusted so that an upper airway pressure of 10-20 cm H20 is

maintained throughout exhalation, sufficient to close the velum and exclude nasal air.

240 |[Page



FeNO measurements will be taken from a stable plateau in exhaled nitric oxide
concentration during an exhalation. Exhalations where flow rate and plateau criteria
are not met will be deemed not acceptable for measurement. One acceptable
exhalation will be measured and recorded at the visit. Measurements will be made
before other pulmonary function testing. Participants will avoid eating for one hour,
smoking tobacco for two hours, and caffeine ingestion for six hours prior to the testing
being performed. Subjects will not be tested within three weeks of an upper or lower

respiratory tract infection.

Spirometry
Participants will undergo pulmonary testing using a spirometer which meets the
guidelines outlined by the American Thoracic Society 2005-Standardisation of

spirometry.

General guidelines
All tests will be performed:
Sitting

With nose clips on

The tests will be clearly explained to the subject before they are started and positive

encouragement given at all stages of the test.

Acceptability criteria
Criteria for technically unsatisfactory tests:
* Coughing during the first second of the exhalation
* Glottis closure that influences the measurement
* Effort that is not maximal throughout
* Obstructed mouthpiece e.g. tongue in front of the mouthpiece
* Aleak in the system or around the mouthpiece
* Excessive hesitation at the start of expiration (extrapolated volume <5% or
150ml of FVC -whichever is greater.

* Early termination of test by subject
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Repeatability criteria
* Less than 150 ml variation in FEV1 between attempts

* Less than 150 ml variation in FVC between attempts

Testing should be continued until three acceptable manoeuvres have been completed
or the subject has performed eight manoeuvres - more can be done if the subject
agrees. According to ATS guidelines subjects who are unable to produce reproducible
flow volume loops (reproducible flow loops are those with <150ml variation in FEV1
and FVC) will not be excluded from analysis. In subjects who were not able to produce
three acceptable flow volume loops comments regarding the technical acceptability of

their testing will be made.

Laboratory Samples

All laboratory samples will be taken by the study team at the research facilities, who
are appropriately trained in phlebotomy procedures. Samples for the following tests
will be analysed by a local laboratory:

¢ Creatinine, urea and electrolytes, serum Igk

* Full blood count (including differential white cell count)

Samples will be analysed as per the laboratory’s standard operating procedures.

Samples for the following tests will be sent to the Genentech (or designee) to be
analysed:

* Serum periostin level

* Optional samples for exploratory research (as per the RCR analysis below) will
also be sent to Genentech (or their designee):
e Other immune mediated serum biomarkers

* DNA and RNA- based biomarker analyses
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Optional Samples for Roche Clinical Repository (RCR)

Overview of the Roche Clinical Repository

The Roche Clinical Repository (RCR) is a centrally administered group of facilities for
the long-term storage of human biologic specimens, including body fluids, solid tissues,
and derivatives thereof (e.g., DNA, RNA, proteins, peptides). The collection and
analysis of RCR specimens will facilitate the rational design of new pharmaceutical
agents and the development of diagnostic tests, which may allow for individualized
drug therapy for patients in the future. Specimens for the RCR will be collected from

patients who give specific consent to participate in this optional research.

Approval by the Institutional Review Board or Ethics Committee

Sampling for the RCR is contingent upon the review and approval of the exploratory
research and the RCR specific Informed Consent Form (ICF) by the New Zealand Health
and Disability Ethics Committees (HDEC).

Optional RCR Sample Collection

For sampling procedures, storage conditions, and shipment instructions, see the
laboratory manual. RCR specimens will be destroyed no later than 15 years after the
date of final closure of the associated clinical database. The RCR storage period will be
in accordance with the HDEC - approved ICF and applicable laws (e.g., health authority
requirements). The dynamic biomarker specimens will be subject to confidentiality
standards, i.e. by coding each participant enrolled in the study through assignment of a
unique subject identification number. This means that participant names are not
included in data sets that are transmitted to any location outside of the research

facility.

Confidentiality

Data generated from RCR specimens must be available for inspection upon request by
representatives of national and local health authorities, and Roche/Genentech
monitors, representatives, and collaborators, as appropriate. Participant medical

information associated with RCR specimens is confidential and may only be disclosed
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to third parties as permitted by the ICF (or separate authorization for use and
disclosure of personal health information) signed by the participant, unless permitted
or required by law. Data derived from RCR specimen analysis on individual participants
will generally not be provided to study investigators unless a request for research use
is granted. The aggregate results of any research conducted using RCR specimens will
be available in accordance with the effective Roche policy on study data publication.

Any inventions and resulting patents, improvements, and/or know-how originating
from the use of the RCR data will become and remain the exclusive and unburdened

property of Roche, except where agreed otherwise.

Consent to Participate in the Roche Clinical Repository

There will be a separate ICF which will contain information that addresses participation
in the RCR. The investigator or authorized designee will explain to each participant the
objectives, methods, and potential hazards of participation in the RCR. Participants will
be told that they are free to refuse to participate and may withdraw their specimens at
any time and for any reason during the storage period. A separate, specific signature
will be required to document a participant’s agreement to provide optional RCR
specimens. Participants who decline to participate will not provide a separate
signature.

In the event of an RCR participant's death or loss of competence, the participant's

specimens and data will continue to be used as part of the RCR research.

Withdrawal from the Roche Clinical Repository

Participants who give consent to provide RCR specimens have the right to withdraw
their specimens from the RCR at any time for any reason. If a participant wishes to
withdraw consent to the testing of his or her specimens, the investigator will inform
the Genentech in writing of the participant’s wishes. The participant will be provided
with instructions on how to withdraw consent after the trial is closed. A participant’s
withdrawal from this study does not, by itself, constitute withdrawal of specimens
from the RCR. Likewise, a participant’s withdrawal from the RCR does not constitute

withdrawal from this study.
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Monitoring and Oversight

RCR specimens will be tracked in a manner consistent with GCP by a quality-controlled,
auditable, and appropriately validated laboratory information management system, to
ensure compliance with data confidentiality as well as adherence to authorized use of
specimens as specified in this protocol and in the ICF. Roche/Genentech and MRINZ
monitors and auditors will have direct access to appropriate parts of records relating
to patient participation in the RCR for the purposes of verifying the data provided to
Roche, as necessary. The site will permit monitoring, audits, HDEC review, and health
authority inspections by providing direct access to source data and documents related

to the RCR samples.

Safety Monitoring

Adverse Event Reporting

For the purposes of this study, the study duration is considered to start once the
informed consent form has been signed by the participant. The study period will be
deemed to have ended when the study participant completes their study visit and
leaves the research facility. The research facilities will be responsible for reviewing the
blood tests taken during the study visit and reporting the clinically significant

abnormalities to the participant’s GP/ primary healthcare provider, as necessary.

Adverse Events

An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visit and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death

¢ Life-threatening event
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* Permanently disabling or incapacitating event

* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for
elective reasons

* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current
guidelines. SAEs and AEs will be followed up until resolution, or judged to be
permanent. SAEs must be sent to the Sponsor within 24 hours of becoming aware of
the event. SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours of

the study investigators becoming aware of the event.

Abnormal Laboratory Values
Not every laboratory abnormality qualifies as an adverse event. A laboratory test result
should be reported as an adverse event if it meets any of the following criteria:
e Accompanied by clinical symptoms
* Results in a medical intervention (e.g., potassium supplementation for
hypokalemia) or a change in concomitant therapy

* Clinically significant in the investigator’s judgment

The investigators will review all laboratory findings. Medical and scientific judgment
will be exercised in deciding whether an isolated laboratory abnormality should be
classified as an adverse event. All relevant adverse event information will be

communicated to a participant’s primary health care provider as necessary.
Data Safety Monitoring Committee
Internal safety monitoring and review of safety events (adverse events and serious

adverse events) will be conducted by a MRINZ non-study Researcher.

Data Handling/ Statistical Methods
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Statistical analysis

For the non-asthmatic cohort, estimates of the mean and median periostin levels and
90% confidence intervals for prediction will be determined for both Chinese and
Caucasian ethnic groups by a general linear model. As periostin has a highly skewed
distribution, we will perform the analysis on the logarithm transformed scale with a
back-transformation to establish the 90% confidence interval for prediction. An
estimate of the difference between the Chinese and Caucasian ethnic groups will also
be calculated by the general linear model. An exploratory analysis will be done to

examine the effects of country of birth (New Zealand and Australia vs Asia).

The sample size of 120 adults is based on the recommendations of the Clinical and
Laboratory Standards Institute that 120 participants should be studied to allow 90%
confidence intervals to be computed by non-parametric methods if normal distribution
assumptions are not met. No stratification by age or sex will be undertaken, as there is
no association between these variables and serum periostin levels. Based on the SD of
the logarithm periostin of 0.22, a sample size of 120 in the Chinese group and 420 in
the Caucasian group has 90% power with alpha 5% to detect a difference in mean

logarithm periostin of 0.074 equivalent to a ratio of mean periostin of 1.08.

With regards to investigating if an association exists between asthma severity and
serum periostin levels in a Chinese population, 68 participants are sufficient to detect a
paired difference in periostin of 0.5 of a standard deviation with 80% power. The
conventional interpretation of an effect size of 0.5 of a standard deviation is of a
medium effect size. For a comparison between mild and moderate/severe asthma, a
sample size of 68 has 90% power to detect a 0.8 standard deviation difference, a large

effect size difference.
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Appendix VII: Participant Information
Sheet for Study Four

Participant Information Sheet

Study title:  Longitudinal study of serum periostin levels in asthma (PER02)

Locality: Medical Research Ethics 13/NTB/185

Institute of New Zealand committee ref.:

Lead Prof. Richard Beasley Contact phone 04 805 0147

investigator: number:

You are invited to take part in a study to determine the change in periostin levels over
eight weeks in group of patients, aged 18-75 years, with stable asthma. Whether or
not you take part is your choice. If you don't want to take part, you don’t have to give
areason, and it won't affect the care you receive. If you do want to take part now, but

change your mind later, you can pull out of the study at any time.

You will not be eligible to take part in this study if any of the following applies to you:
* You have had a change in asthma medication in the last 3 months

* You are known to be pregnant

You have been admitted to hospital or had surgery in the last 3 months

You have had a bone fracture in the last 3 months

You have had oral or systemic steroids in the last 3 months.

This Participant Information Sheet will help you decide if you'd like to take part. It sets
out why we are doing the study, what your participation would involve, what the
benefits and risks to you might be, and what would happen after the study ends. We
will go through this information with you and answer any questions you may have. We

expect this will take about 20 minutes. You may also want to talk about the study with
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other people, such as family, whanau, friends, or healthcare providers. Feel free to do

this.

If you agree to take part in this study, you will be asked to sign the Consent Form on
the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 8 pages long, including the Consent Form. Please make sure you have

read all the pages. If you require an interpreter, this will be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure. It is easily measured (by a blood test) and in the
future it may be used to determine the status of a person’s disease, including its
severity, if it is progressing or if it is no longer present. Proteins like periostin that can
allow doctors to assess a disease are known as biomarkers. This study is being
conducted to determine changes in periostin levels over time in patients with asthma

which will allow this disease to be better monitored and treated in the future.

We aim to have a total of 60 participants involved in this study.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study

is being funded by Genentech Inc, a member of the Roche Group.

The study has been approved by the Northern B Health and Disability Ethics
Committee, reference number 13/NTB/185.
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What would your participation involve?

The study is being conducted at the Medical Research Institute of New Zealand, based
at Wellington Hospital. If you agree to be a part of the study you will need to attend
the Institute for a total of 11 visits. Visit 1 will take up to an hour and the remaining

visits will be approximately fifteen minutes each.

Visit Outline

Visit 1
After reading this information sheet and signing the informed consent form, the study
investigator will provide you with a general health questionnaire which you will fill out
in their presence. The study investigator will then discuss your medical history and
current medications so that a full picture is gained of your current health. If required
we will contact your GP (with your permission) to clarify aspects of your medical
history or current medications. You will be asked to bring in your current medications
and to withhold the following prior to the breathing tests:

* Withhold caffeine for 6 hours prior to your appointment.

* Withhold cigarettes for 2 hours prior to your appointment

* Withhold food for 1 hour prior to your appointment

You will be given two asthma questionnaires (AQLQ and ACQ-5) which you will fill out

in the presence of the study investigator.

The following tests will then be carried out:

We will measure nitric oxide (a gas that you normally breathe out) by asking you to
breathe into a tube.

To check the health and function of your lungs you will be asked to do some breathing
exercises. You will then follow the instructions given to you by the investigator, for a
few minutes. This test will be done so that 3 of your best measurements are recorded.
This may take up to 8 measurements (or more if you agree) in total, so that we can

record the best results.
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We will take a small blood sample, to measure your full blood count, serum IgE and

serum periostin level.

If for any reason you cannot complete the tests (e.g. due to not withholding caffeine
etc) at the first visit, you can go through the consent process and can attend for visit 1b

and complete the testing on a different day.

Visit 2-11

You will be asked about your current health and any changes to your health since your
last visit.

A blood sample will be taken to measure your periostin level at visits 2-11.

A blood sample will also be taken at visits 2-7, so that we can measure your full blood
count.

At visits 6-11 we will ask you to complete the ACQ-5 questionnaire.

What are the possible benefits and risks to you of participating?

Benefits
There will be no direct benefit to you in participating in this study, you will however be

part of research which may benefit yourself and others in the future.

Study Procedure Risks/ Side Effects

Blood Samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around 1-2 tablespoons of blood
will be taken at each visit. In some cases we may require extra samples, for example to
re-do a test that could not be analysed. A local laboratory will analyse your full blood
count, as well as serum IgE. Periostin will be analysed at a central laboratory outside of
New Zealand, by Genentech. This laboratory is:

Covance Central Laboratory Services
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8211 Scicor Drive
Indianapolis, Indiana 46214
USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples analysed locally will be destroyed by
the laboratory once the results are reported. The samples sent to Genentech may be
stored for 5 years after the study. You may hold beliefs about a sacred and shared
value of all or any tissue samples removed. The cultural issues associated with sending
your samples overseas and/or storing your tissue and/or undertaking genetic analysis
on them should be discussed with your family/whanau as appropriate. There are a
range of views held by Maori around these issues; some iwi disagree with storage of
samples and genetic testing citing whakapapa and advise their people to consult prior
to participation in research where this occurs. However it is acknowledged that

individuals have the right to choose.

Breathing Exercises

You may feel some discomfort during or after performing the breathing exercises,
however this will be transient and you will be monitored constantly throughout the
tests by trained technicians/ study investigators. You will be seated at all times for the

tests.

Cost
There will be no cost to you to take part in this study and you will be compensated for
your time and travel expenses to attend your study visits ($45 for visit 1 and $20 for

visits 2-11).

General Health Care

Your general health care remains with your GP throughout the time you are in the
study and if you experience any problems you should contact your usual health care
provider. As part of the informed consent process we will ask for your permission to

inform your GP of any unexpected clinically significant findings. As part of the study
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you will be seen by study investigators, study doctors and trained staff who will

conduct all the study specific assessments.

What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you won't be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor (Medical Research Institute of New
Zealand), in line with current guidelines. We can give you a copy of these guidelines if
you wish. You would be able to take action through the courts if you disagreed with

the amount of compensation provided.

If you have private health or life insurance, you may wish to check with your insurer

that taking part in this study won't affect your cover.

What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in
this study, and if you choose not to take part it will in no way affect your future health
care. If you do agree to take part you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, as part of doing the study. By agreeing
to take part in this research, you will allow your medical information and results to be
seen by people who check that the research was done properly, for example the ethics
committee and study monitor. Nothing which could personally identify you will be
used in any reports on this study, or provided as part of future studies. Your personal
information (for example name, sex, age and medical conditions) and other

information will be identified by a study number (i.e. coded).
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The study records will be stored securely during the course of the study and once it is
completed. After all participants have completed the study and the data has been
monitored, the records will be archived for a minimum of 10 years as per New Zealand

regulations. The records will then be securely destroyed.

What will happen after the study ends, or if you pull out?

Once the study has finished and the data has been analysed you will be able to find out
the results from the study. You may also request a copy of your individual lung

function results.

The sponsor may stop the study at any time. You may be asked to leave the trial, for
the following reasons:
* In the Investigator’s opinion it would not be in your best interest to continue in
the study
* Any safety concerns

* You do not follow instructions during the study visits

Where can you go for more information about the study, or to raise concerns or

complaints?

If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Dr Rachel Caswell-Smith
Phone: 805 0247
E-mail: rachel.caswell-smith@mrinz.ac.nz

For Maori health support, please contact:

Whanau Care Services, Cultural Care Centre, Level 2, Wellington Hospital

Phone: 0800 999442 or 04 806 0948
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Email: wcs@ccdhb.org.nz

If you want to talk to someone who isn’t involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
Email: advocacy@hdc.org.nz

You can also contact the health and disability ethics committee (HDEC) that approved

this study on:

Phone: 0800 4 ETHICS (0800 4 384 427)

Email: hdecs@moh.govt.nz
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Consent Form

Study title: Longitudinal study of serum periostin levels in asthma (PER02)
Participant Number:

Please tick to indicate you consent to the following:

| have read (or have had read to me in a language | understand) and understood the

Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this study.

| have had the opportunity to use a legal representative, whanau/ family support or a

friend to help me ask questions and understand the study

| am satisfied with the answers | have been given regarding the study and | have a copy

of this consent form and information sheet.

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

| consent to the research staff collecting and processing my information, including

information about my health

| consent to my blood sample for Periostin to be sent overseas for storage and analysis

If | decide to withdraw from the study, | agree that the information collected about me

up to the point when | withdraw may continue to be processed

| consent to my GP/ usual health care provider being informed of any significant

abnormal results obtained during the study

| agree to an approved auditor appointed by the New Zealand Health and Disability Ethic
Committees, or any relevant regulatory authority or their approved representative

reviewing my relevant medical records for the sole purpose of checking the accuracy of

| understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study.

| understand the compensation provisions in case of injury during the study.

| know who to contact if | have any questions about the study in general

| understand my responsibilities as a study participant.

Yes

No

| wish to receive a summary of the results from the study.

| give consent for study investigators to contact my GP/ usual health care

provider to clarify my medical history or current medications, if required
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| give consent for study investigators to inform my GP/ usual health care

provider of my participation in this study

Declaration by participant:

| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:

| have given a verbal explanation of the research project to the participant, and have

answered the participant’s questions about it.

| believe that the participant understands the study and has given informed consent to

participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion
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Appendix VIiI: Protocol for Study Four

Protocol

Longitudinal study of serum periostin levels in asthma
Protocol No.: PER02

UTN: U1111-1150-0071

ANZCTRN: ACTRN12614000235606

Rationale

Periostin is an extracellular matrix protein encoded by the POSTN gene (an IL-4/ IL-13
inducible gene) thought to be an adhesion molecule because it possesses four fasciclin
| domains.*¢ Periostin has been shown to be secreted in the extracellular matrix from

the basolateral surface of bronchial epithelial cells after stimulation with IL-13.%8

Periostin has been studied in patients with asthma, expression levels of the POSTN
gene corresponding to reticular basement membrane thickness an indicator of
subepithelial fibrosis.”® Periostin is thought to enhance fibrosis in the airways by
binding to other extracellular proteins collagen, fibronectin and tenascin C.?*! Periostin
may also have a role in other TH2 driven inflammation such as nasal polyps,

eosinophilic oesophagitis, allergic rhinitis and atopic dermatitis.

A highly specific serum assay for periostin has been produced which allows levels of
periostin in peripheral blood to be tested. Through use of this assay periostin has been
identified as a systemic biomarker for airway eosinophilia. Periostin levels in
peripheral blood correspond to eosinophilic inflammation in tissue taken from the
airways of patients with asthma.”® Using periostin as a systemic biomarker of airway
eosinophilia would provide a minimally invasive monitoring technique which could be
used to monitor severity, response to treatment and determine treatment options for
patients with asthma.?®?*!  In order to use serum periostin levels as a biomarker in

asthma a more complete picture of periostin production in asthma needs to be
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formed. This study of the longitudinal variation of periostin in patients with stable
asthma would provide further information on the production of periostin in asthma.
Until now the periostin assay has only been used to determine the relationship of
periostin with eosinophilic airway inflammation in patients not responding to inhaled
steroid treatment and has not been studied in patients with stable, well controlled

asthma.?!

This study has been initiated and designed by the Medical Research Institute of New
Zealand in collaboration with Genentech, Inc (a member of the Roche group). The
Institute is the Sponsor of this study and undertakes Sponsor responsibilities for the
purposes of ethical and any applicable regulatory requirements. Genentech are fully

funding the study.

Objective

To determine the eight-week longitudinal variation in serum periostin level in a

population with stable asthma.

Outcomes
Primary outcome measure:

* Longitudinal variation in serum periostin level over an eight-week period

Secondary outcome measures:
Investigation of potential associations between serum periostin, eosinophils and the
following:

* AQLQ score (from respiratory health questionnaire)

* Non-asthmatic health conditions (as captured by general health questionnaire

e.g. diabetes)
* Spirometry (FEV1 and FVC)
* Fractional exhaled Nitric Oxide (FeNO) level

* Serum IgkE
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Investigation of potential associations between serum periostin and eosinophils

* Exploratory outcome measures
¢ Other asthma related biomarkers
* RNA- based biomarker analyses

* Variation of eosinophils

Study design

Participants:

60 Participants with a doctor’s diagnosis of asthma on regular medication (including
maintenance inhaled corticosteroid and long acting beta agonists) primarily recruited
from the Medical Research Institute of New Zealand (MRINZ) databases. If required
further recruitment will take place via referrals from other medical professionals, or

through direct advertising.

Inclusion Criteria
* Aged between 18 to 75 years
* Able to provide written informed consent
* Doctor diagnosis of asthma
* On a stable asthma treatment regime for 23 months prior to visit 1, taking
regular inhaled medication for asthma (including maintenance inhaled

corticosteroid and long acting beta agonists)

Exclusion Criteria
* Unstable asthma (as determined by the investigator and/or a change in asthma
medication in last 3 months)
* Oral or Systemic Corticosteroids within the last 3 months
*  Known Pregnancy*
* Significant co morbidities (determined at investigator discretion)

* Hospital admission within last 3 months
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e Surgery within last 3 months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc).

* Bone fracture within the last 3 months

e Active (current, or within the 3 weeks prior to the visit) upper or lower
respiratory tract infection

* Any other safety concern at the investigator’s discretion

* If a potential subject is aware they are currently pregnant, or actively trying to
conceive, they will be excluded from the study as pregnancy can affect FeNO,
eosinophil and spirometry results. No pregnancy test will be performed on women of

childbearing potential as there are no safety concerns relating to this study.

Participants may be re-screened at a suitable time should it become apparent they
cannot fulfil eligibility criteria at their initial visit (for example they are experiencing a

respiratory infection).

Following screening, 60 participants will be enrolled, from which there will be
anticipated maximal 20% withdrawal or exclusion rate. As a result data will be

collected on at least 50 participants.

Study Procedures

Study Visits

Participants will attend the MRINZ for a total of 11 visits.

Visits will be daily for 5 days, weekly for 4 weeks and then at 8 weeks. (Day 1, 2, 3, 4, 5,
10, 17, 24, 31, 38, 59). There will be a visit window of +/- 1 day. If a visit is delayed the
calculated schedule of visit dates from baseline (visit 1b) shall be maintained. Any

delays greater than +/- 1 day will be recorded as protocol deviations.

Visit 1a
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Written Informed Consent

Visit 1b

* Completion of General Health Questionnaire

* Completion of Respiratory Health Questionnaire AQLQ

* Completion of Respiratory Health Questionnaire ACQ-5

* Measurement of Body Mass Index (BMI)

* Spirometry assessment (Measurement of FEV, and FVC)

* Measurement of FeNO

* Laboratory samples for measurement of:

* Full blood count (including differential white cell count)

e Serum IgE

* Serum periostin level

¢ Serum and RNA- based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be
collected from participants who provide consent on the RCR informed consent
form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository).

Visits 1a and 1b will be combined if the participant meets the testing criteria for the
FeNO testing and spirometry (outlined below - avoidance of caffeine, tobacco, and

food)

Visit 2-11
* Laboratory samples for measurement of:
* Periostin level at visits 2-11
* Serum and RNA based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be
collected from participants who provide consent on the RCR informed consent
form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository) at visits 2-11
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e A full blood count with differential cell count (for eosinophil measurement) at
visits 2-7
* ACQ-5 will be administered at visits 6-11.

Informed Consent
Informed consent will be obtained according to ethical and GCP guidelines, and will
take place at the MRINZ. Each participant will sign an informed consent form at the

first visit, prior to conducting the procedures listed above.

Respiratory Health Questionnaires

The Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ(S)) is a
validated 32 question self administered questionnaire that will be used to obtain
severity of asthma in the two weeks prior to visit 1(b).

The Asthma Control Questionnaire (ACQ5) is a validated 5 question self-administered
guestionnaire that will be used to obtain severity of asthma in the 1 week prior to visit

1.

General Health Questionnaire

The health questionnaire will be used to obtain the current health status of
participants, including a history of cancer, cardiovascular disease, gastro-oesophageal
reflux (GORD), rhinitis, sinusitis, and eczema (see appendix 1). As part of the
assessment of general health participants will undergo height and weight

measurement to obtain their BMI.

Lung Function Tests

Nitric Oxide

Nitric oxide (FeNO) will be measured using a nitric oxide monitor (NIOX MINO;
Aerocrine AB, Solna, Sweden) according to the ATS guidelines published in 2005.
Seated subjects will exhale fully and then inhale ambient air through a nitric oxide
scrubber to total lung capacity. Subjects will then exhale against an automatically
adjusting resistance to achieve a constant exhalation flow rate of 50 ml/s +/- mls.

Resistance will be adjusted so that an upper airway pressure of 10-20 cm H20 is
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maintained throughout exhalation, sufficient to close the velum and exclude nasal air.

FeNO measurements will be taken from a stable plateau in exhaled nitric oxide

concentration during an exhalation. Exhalations where flow rate and plateau criteria

are not met will be deemed not acceptable for measurement. One acceptable

exhalation will be measured and recorded at each time point. Measurements will be

made before other pulmonary function testing. Participants will avoid eating for 1

hour, smoking tobacco for 2 hours, and caffeine ingestion for 6 hours. Subjects will not

be tested within 3 weeks of an upper or lower respiratory tract infection.

Spirometry

Participants will undergo pulmonary testing using a spirometer which meets the

guidelines outlined by the American Thoracic Society 2005-Standardisation of

spirometry.

General guidelines

All tests will be performed:

Sitting

With nose clips on

The tests will be clearly explained to the subject before they are started and positive

encouragement given at all stages of the test.

Acceptability criteria

Criteria for technically satisfactory tests:

Coughing during the first second of the exhalation

Glottis closure that influences the measurement

Effort that is not maximal throughout

Obstructed mouthpiece e.g. tongue in front of the mouthpiece

A leak in the system or around the mouthpiece

Excessive hesitation at the start of expiration (extrapolated volume <5% or

150ml of FVC -whichever is greater.

Early termination of test by subject
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Repeatability criteria
* Less than 150 ml variation in FEV1 between attempts

* Less than 150 ml variation in FVC between attempts

Testing should be continued until 3 acceptable manoeuvres have been completed or
the subject has performed 8 manoeuvres-more can be done if the subject agrees.
According to ATS guidelines subjects who are unable to produce reproducible flow
volume loops (reproducible flow loops are those with <150ml in variation in FEV1 and
FVC) will not be excluded from analysis. In subjects who were not able to produce 3
acceptable flow volume loops comments regarding the technical acceptability of their

testing will be made.

Laboratory Samples

Samples for the following tests will be analysed by a local laboratory:
¢ Serum IgE
* Full blood count (including differential white cell count)

Samples will be analysed as per the laboratory’s standard operating procedures.

Samples for the following tests will be sent to Genentech (or designee) to be analysed:
* Serum periostin level

* Optional serum and RNA- based biomarker analyses (as per the RCR below)

Optional Samples for Roche Clinical Repository (RCR)

Overview of the Roche Clinical Repository

The Roche Clinical Repository (RCR) is a centrally administered group of facilities for
the long-term storage of human biologic specimens, including body fluids, solid tissues,
and derivatives thereof (e.g., DNA, RNA, proteins, peptides). The collection and
analysis of RCR specimens will facilitate the rational design of new pharmaceutical
agents and the development of diagnostic tests, which may allow for individualized

drug therapy for patients in the future.
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Specimens for the RCR will be collected from patients who give specific consent to

participate in this optional research.

Approval by the Institutional Review Board or Ethics Committee

Sampling for the RCR is contingent upon the review and approval of the exploratory
research and the RCR specific Informed Consent Form (ICF) by the New Zealand Health
and Disability Ethics Committees.

Optional RCR Sample Collection

For sampling procedures, storage conditions, and shipment instructions, see the
laboratory manual. RCR specimens will be destroyed no later than 15 years after the
date of final closure of the associated clinical database. The RCR storage period will be
in accordance with the IRB/EC-approved ICF and applicable laws (e.g. health authority
requirements). The dynamic biomarker specimens will be subject to confidentiality
standards, i.e. by coding each participant enrolled in the study through assignment of a
unique subject identification number. This means that participant names are not

included in data sets that are transmitted to any location outside of the MRINZ.

Confidentiality

Data generated from RCR specimens must be available for inspection upon request by
representatives of national and local health authorities, and Roche monitors,
representatives, and collaborators, as appropriate.

Participant medical information associated with RCR specimens is confidential and may
only be disclosed to third parties as permitted by the ICF (or separate authorization for
use and disclosure of personal health information) signed by the participant, unless
permitted or required by law. Data derived from RCR specimen analysis on individual
participants will generally not be provided to study investigators unless a request for
research use is granted. The aggregate results of any research conducted using RCR
specimens will be available in accordance with the effective Roche policy on study data
publication. Any inventions and resulting patents, improvements, and/or know-how
originating from the use of the RCR data will become and remain the exclusive and

unburdened property of Roche, except where agreed otherwise.
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Consent to Participate in the Roche Clinical Repository

There will be a separate ICF which will contain information that addresses participation
in the RCR. The investigator or authorized designee will explain to each participant the
objectives, methods, and potential hazards of participation in the RCR. Participants will
be told that they are free to refuse to participate and may withdraw their specimens at
any time and for any reason during the storage period. A separate, specific signature
will be required to document a participant’s agreement to provide optional RCR
specimens. Participants who decline to participate will not provide a separate
signature. In the event of an RCR participant's death or loss of competence, the

participant's specimens and data will continue to be used as part of the RCR research.

Withdrawal from the Roche Clinical Repository

Participants who give consent to provide RCR specimens have the right to withdraw
their specimens from the RCR at any time for any reason. If a participant wishes to
withdraw consent to the testing of his or her specimens, the investigator will inform
Genentech in writing of the participant’s wishes. The participant will be provided with
instructions on how to withdraw consent after the trial is closed. A participant’s
withdrawal from this study does not, by itself, constitute withdrawal of specimens
from the RCR. Likewise, a participant’s withdrawal from the RCR does not constitute

withdrawal from this study.

Monitoring and Oversight

RCR specimens will be tracked in a manner consistent with Good Clinical Practice (GCP)
by a quality-controlled, auditable, and appropriately validated laboratory information
management system, to ensure compliance with data confidentiality as well as
adherence to authorized use of specimens as specified in this protocol and in the ICF.
Roche and MRINZ monitors and auditors will have direct access to appropriate parts of
records relating to patient participation in the RCR for the purposes of verifying the
data provided to Roche, as necessary. The site will permit monitoring, audits, IRB/EC
review, and health authority inspections by providing direct access to source data and

documents related to the RCR samples.
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Safety Monitoring
Adverse Event Reporting

For the purposes of this study, the study duration is considered to start once the
informed consent form has been signed by the participant. The study period will be
deemed to have ended when the study participant completes their final study visit
(visit 12) and leaves MRINZ premises. The MRINZ will be responsible for reviewing the
blood tests taken during the study visits and reporting any clinically significant

abnormalities to the participant’s GP/ primary healthcare provider, as necessary.

Adverse Events

An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visits and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death
* Life-threatening event
* Permanently disabling or incapacitating event
* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for
elective reasons
* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current

guidelines. SAEs and AEs will be followed up until resolution, or judged to be
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permanent. All SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours

of the study investigators becoming aware of the event.

Abnormal Laboratory Values
Not every laboratory abnormality qualifies as an adverse event. A laboratory test result
should be reported as an adverse event if it meets any of the following criteria:
* Accompanied by clinical symptoms
e Results in a medical intervention (e.g., potassium supplementation for
hypokalemia) or a change in concomitant therapy

¢ Clinically significant in the investigator’s judgment

The investigators will review all laboratory findings. Medical and scientific judgment
will be exercised in deciding whether an isolated laboratory abnormality should be
classified as an adverse event. All relevant adverse event information will be

communicated to a participant’s primary health care provider as necessary.

Data Safety Monitoring Committee
Internal safety monitoring and review of safety events will be conducted by a Medical

Research Institute non-study Researcher.

Data Handling/ Statistical Methods

Study Power:

60 Participants will be recruited to the study. Assuming at most 20%
withdrawal/exclusion rates during the study this will ensure complete data on at least
50 participants. The recent three-month inhaled steroid intervention trial conducted
as part of the NZRHS had a 12% withdrawal rate and few severe exacerbations. An

achieved sample size of 50 has reasonable precision for estimates of variance.

Statistical analysis:

The baseline characteristics of the population will be described and the variance and

mean values for serum periostin will be calculated for participants who complete the
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study without developing a severe exacerbation. Confidence intervals for the variance
of periostin will be calculated using a Chi-square statistic. This analysis may need to be

performed on the log transformed scale.
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Appendix IX: General Health

Questionnaire

Periostin Reference Range General Health Questionnaire

Participant ID:

Name:

Day Month Year

Day Month Year
1. Date of Birth ‘

Date: ‘

A. General Questions

Age

2. Which ethnic group do you belong to? Mark the space or spaces which apply to you.

Maori

New Zealand European

Samoan

Cook Island Maori

Tongan

Niuean

Chinese

Indian

Other (such as DUTCH, JAPANESE, TOKELAUAN). Please state:

M
3. Are you male or female? l:l

B. Smoking History

D“

4a.  Have you ever smoked cigarettes? |:|

N

4b. Do you currently smoke cigarettes? |:|

4c.  IfNO, date of last cigarette: ‘ ‘ ‘ ‘ ‘ ‘ ‘ ’ ‘

4d.  Number of years as smoker D

4e.  Number of cigarettes smoked per day on average:

Investigator calculate pack years

PERO1 General Health Questionnaire
Version 1 (06/11/2013)
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C. Exercise

Yes No
5.  Inthe last 7 days have you exercised for >30minutes at a time and had to
breathe hard.
If NO, please go to question 6, if YES, proceed with this section:
5a. Date of last exercise
5b. Time of last exercise
Activity/Activities
5c.  Exercise Activity
D. Respiratory
Yes No
10a. Have you ever been diagnosed with asthma, chronic bronchitis, COPD,
emphysema or bronchiectasis?
Yes No
10b. Have you experienced any wheezing or whistling in the chest in the past 12
months?
Yes No
10c. Have you ever been admitted to hospital or required surgery for a condition
relating to your lungs?
Please Specify:
E. Eyes
Yes No
6a. Do you ever experience itchy or watery eyes?
Please Specify:
Yes No
6b. Have you been diagnosed with an eye condition?

Please Specify:

PERO!1 General Health Questionnaire
Version 1 (06/11/2013)
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Ta.

Te.

7d.

Te.

Ear, Nose and Throat

Do you experience symptoms of Rhinitis (runny/stuffy, itchy nose,
sneezing) not associated with a cold/flu? Please circle

Have you been diagnosed with nasal polyps?
Do you have a known tooth cavity?
Have you had a dental procedure in the last 3 months?

Have you been diagnosed with an ear, nose or throat condition?

Runny Stuffy
Nose Nose
Itchy Sneezing
nose
Yes No
Yes

Yes
Yes

No
No
No

Please Specify:

G. Gastrointestinal

8a.

8b.

8c.

8d.

Do you have eosinophilic oesophagitis?

Please Specify:

Yes No
Do you have Gastroesophageal Reflux Disease (GORD) or reflux?

Yes No

Yes No
Do you have inflammatory bowel disease (crohn’s disease, ulcerative colitis)?

Yes No
Have you been diagnosed with a condition relating to your digestive tract

(oesophagus, stomach or bowel)?

Please Specify:

PERO! General Health Questionnaire
Version 1 (06/11/2013)
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H. Cardiovascular

9a.

9b.

9¢.

9d.

Se.

of.

9g.

Have you been diagnosed with high blood pressure?

Have you ever been diagnosed with high cholesterol?

Do you experience chest pain/angina?

Have you ever had a heart attack (myocardial infarction)?

Have you ever been diagnosed with heart failure?

Have you ever been diagnosed with problem with your heart valve(s)?

Have you ever been admitted to hospital for a heart condition or had cardiac
surgery?

5D5D§D§D5D§D§

7
2

Please Specify:

Genitourinary

11a. Have you ever been diagnosed with kidney disease?

<
&
g

Please Specify:

11b. FEMALES: Are you using contraception?

llc.

Yes No

Please Specify:

FEMALES: Are you post menopausal?

Date of last Period:

PERO1 General Health Questionnaire
Version 1 (06/11/2013)
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Musculoskeletal

12a. Have you ever been diagnosed with osteoarthritis?

12b. Have you ever been diagnosed with inflammatory arthritis? (theumatoid

arthritis, ankylosing spondylitis, psoriatic arthritis)

12c. Have you ever been diagnosed with osteoporosis?

12d. Have you ever broken a bone?

Yes No
Yes No
Yes No
Yes No

Date of most recent Fracture:

Site of most recent Fracture:

12e. Have you ever had a joint replacement?

13a.

13b.

13c.

14.

Date of Replacement:

Site of Replacement:

Skin

Have you ever been diagnosed with eczema?

Have you ever been diagnosed with psoriasis?

No

Yes No
Do you have a current open wound?
Date of Injury:
Site of Wound:
Neurological
Yes No

Have you ever been diagnosed with a neurological condition?

Please Specify:

PERO! General Health Questionnaire
Version 1 (06/11/2013)
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M. Psychiatric

15. Have you ever been diagnosed with a psychiatric or mental health condition?

Please Specify:

Endocrine

Yes No
16a. Have you ever been diagnosed with a Thyroid condition?
Please Specify:
Yes No
16b. Have you ever been diagnosed with diabetes? l:l |:|
Yes No
16¢c. Have you ever been diagnosed with impaired glucose tolerance or
prediabetes?
Yes No
16d. Have you ever been diagnosed with any other endocrine condition?
Please Specify:
0. Haematology
Yes No
17a. Have you ever been diagnosed with a blood disorder? eg anaemia,
haemochromatosis, leukaemia
Please Specify:
P. Cancer
Yes No
18a. Have you ever been diagnosed with cancer?

Please Specify site:

Date:

Treatment:

PERO1 General Health Questionnaire
Version 1 (06/11/2013)
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Q. Allergies

19. Do you have any allergies?

Please Specify:

R. Medications

Investigator:

No

Please document all medications in visit worksheet

Medications reconciled to medical history?

PERO1 General Health Questionnaire

Version 1 (06/11/2013)
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Appendix X: Asthma Control

Questionnaire (ACQ)
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ASTHMA CONTROL
QUESTIONNAIRE (ACQ)

ENGLISH VERSION FOR NEW ZEALAND

© 2001

QOL TECHNOLOGIES Ltd.

For further information:

Elizabeth Juniper, MCSP, MSc
Professor

20 Marcuse Fields

Bosham, West Sussex

PO18 8NA, England This translation has been made possible through

Telephone: +44 1243 572124 a grant from GLAXOSMITHKLINE
Fax: +44 1243 573680 Translated by MAPI RESEARCH INSTITUTE
E-mail: juniper@qoltech.co.uk Senior Translator: Ray Kirk

Web: http://www.qgoltech.co.uk

© The Asthma Control Questionnaire is copyrighted. It may not be altered, sold
(paper or electronic), translated or adapted for another medium without the
permission of Elizabeth Juniper.

NOVEMBER 2001

FAINSTITUT\CULTADAP\PROJECT\gsk1149\question\final versions\Acqnzeq.doc30/11/2001
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ASTHMA CONTROL QUESTIONNAIRE®

(ENGLISH VERSION FOR NEW ZEALAND)

PATIE

DATE:

NT ID:

Page 1 of 2

INSTRUCTIONS

Please answer questions 1 - 6.

Please circle the number of the response that best describes how you have been during the past

week.

1. In general, during the past week,
how often were you woken by your
asthma during the night?

2. In general, during the past week,
how uncomfortable were your

asthma symptoms when you woke up

in the morning?

3. In general, during the past week, how

limited were you in your activities
because of your asthma?

4. In general, during the past week, how

much shortness of breath did you
experience because of your asthma?

FANSTITUT'CULTADAPWPROJECT\gsk1148\questionifinal versions\Acgnzeq.doc30/11/2001

o WN =0 ok WwWN-=O aoubwN-=>O

O bhwWN-=0O

Never

Hardly ever

A few times

Several times

Many times

A great many times

Unable to sleep because of asthma

No symptoms

Very mild symptoms
Mild symptoms
Moderate symptoms
Quite severe symptoms
Severe symptoms

Very severe symptoms

Not limited at all
Very slightly limited
Slightly limited
Moderately limited
Very limited
Extremely limited
Totally limited

None

A very little

A little

A moderate amount
Quite a lot

A great deal

A very great deal
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ASTHMA CONTROL QUESTIONNAIRE® PATIENT ID:

(ENGLISH VERSION FOR NEW ZEALAND) DATE:

Page 2 of 2

5. Ingeneral, during the past week, how 0 Never
much time did you wheeze? 1 Hardly any of the time
2 Alittle of the time
3 A moderate amount of the time
4 Alot of the time
5 Most of the time
6 Allthe time
6. On average, during the past week, 0 None
how many puffs/inhalations of your 1 1 -2 puffs/inhalations most days
reliever (eg. Ventolin/Bricanyl) have 2 3 -4 puffs/inhalations most days
you used each day? 3 5 -8 puffs/inhalations most days
(If you are not sure how to answer this 4 9-12 puffsf/inhalations most days
question, please ask for help) 5 13 - 16 puffs/inhalations most days
6 More than 16 puffs/inhalations most days

To be completed by a member of the clinic staff

7. FEV,pre-bronchodilator: ........................ 0 > 95% predicted
1 95-90%
FEV predicted:..........cooeiniiiienn, 2 89-80%
3 79-70%
FEV1%predicted:.........cccoeeeemreriinneennnn. 4 69-60%
(Record actual values on the dotted 5 59-50%

lines and score the FEV,; % predicted 6 <50% predicted

in the next column)

FAINSTITUT\CULTADAPIPROJECT\gsk1148\questiontfinal versions\Acqnzeq.doc30/11/2001
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Appendix XI: Asthma Quality of Life

Questionnaire with Standardised Activities

(AQLQ-S)
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ASTHMA QUALITY OF LIFE QUESTIONNAIRE
WITH STANDARDISED ACTIVITIES (AQLQ(S))

SELF-ADMINISTERED
NEW ZEALAND VERSION

© ORIGINAL 1997

© REVISION 1996
QOL TECHNOLOGIES LTD.

For further information:

Elizabeth Juniper, MCSP, MSc
Professor

20 Marcuse Fields

Bosham

West Sussex

PO18 8NA. UK

Telephone: + 44 (0) 1243 572124
Fax: + 44 (0) 1243 573680
E-mail: juniper@qoltech.co.uk
http://www.qoltech.co.uk

Senior Translator: Peter Barron
Revision Translator: Nadir Kheir

The AQLQ is copyrighted. It may not be altered, sold (paper or electronic),
translated or adapted for another medium without the permission of
Elizabeth Juniper.

JANUARY 2003
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ASTHMA QUALITY OF LIFE QUESTIONNAIRE (S) PATIENT ID
(NEW ZEALAND VERSION)
SELF-ADMINISTERED DATE

Page 10of 5

Please complete all the questions by circling the number that best describes how you have been
during the last 2 weeks as a result of your asthma.

HOW LIMITED HAVE YOU BEEN DURING THE LAST 2 WEEKS IN THESE ACTIVITIES AS A
RESULT OF YOUR ASTHMA?

Totally Extremely Very Moderate Some A Little Not at all
Limited Limited Limited Limitation Limitation Limitation Limited

1. STRENUQUS ACTIVITIES
(such as hurrying, exercising, 1 2 3 4 ] 6 7
running up stairs, sports)

2. MODERATE ACTIVITIES
(such as walking, housework, 2 3 4
gardening, shopping, climbing
stairs)

3. SOCIAL ACTIVITIES
such as talking, playing with 1 2 3 4
pets/children, visiting
friends/relatives)

4. WORK-RELATED 1 2 3 4 5 6 7
ACTIVITIES* (tasks you
have to do at work)

*If your are not employed or self-employed, these should be tasks you have to do most days.

5. SLEEPING 1 2 3 4 5 6 7

HOW MUCH DISCOMFORT OR DISTRESS HAVE YOU FELT DURING THE LAST 2 WEEKS?

A Very A Great A Good Moderate Some Very None
Great Deal Deal Deal Amount Little
6. How much discomfort
or distress have you felt over
the last 2 weeks as a result of 1 2 3 4 5 6 7

CHEST TIGHTNESS?

C:\My Documents\WordPerfectiWpdocs\QolglAsthma\SELFDIR\Nzealand\STNDASTH\Asssnzeal2K3.doc

284 |Page



ASTHMA QUALITY OF LIFE QUESTIONNAIRE (S) PATIENT ID

(NEW ZEALAND VERSION)
SELF-ADMINISTERED DATE

Page 2 of 5

IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DID YOU:

All of the Most of A Good Some of A Little Hardly Any

Time the Time Bit of the the Time of the of the Time
Time Time
7. Feel CONCERNED ABOUT
HAVING ASTHMA? 1 2 3 4 5 6
8. Feel SHORT OF BREATH as a
result of your asthma? 1 2 3 4 5 6

9. Experience asthma symptoms as
a RESULT OF BEING EXPOSED 1 2 3 4 5 6
TO CIGARETTE SMOKE?

10. Experience a WHEEZE in your

11. Feel you had to AVOID A
SITUATION OR ENVIRONMENT 1 2 3 4 5 6
BECAUSE OF CIGARETTE
SMOKE?
HOW MUCH DISCOMFORT OR DISTRESS HAVE YOU FELT DURING THE LAST 2 WE
A Very A Great A Good Moderate Some Very
Great Deal Deal Deal Amount Little

12. How much discomfort or
distress have you felt over 1 2 3 4 5 6
the last 2 weeks as a result
of COUGHING?

IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DID YOU:

All of the Most of A GoodBit  Some of A Little of  Hardly Any
Time the Time of the the Time the Time  of the Time
Time
13. Feel FRUSTRATED as a
result of your asthma? 1 2 3 4 5 6
14. Experience a feeling of
CHEST HEAVINESS? 1 2 3 4 5 6
C:\My Documents\WordPerfectiWpdocs\Qolq\Astt 'SELFDIR\Nzealand\STNDASTH\Asssnzeal2K3.doc
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ASTHMA QUALITY OF LIFE QUESTIONNAIRE (S) PATIENT ID
(NEW ZEALAND VERSION)
SELF-ADMINISTERED DATE

Page 3 of 5

IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DID YOU:

All of the Mostof A GoodBit Someofthe AlLittleof Hardly Any  None of
Time the Time ofthe Time Time the Time  ofthe Time the Time

15. Feel CONCERNED ABOUT THE
NEED TO USE MEDICATION for 1 2 3 4 5 6 7
your asthma?

16. Feel the need to CLEAR YOUR
THROAT? 1 2 3 4 5 6 7

17. Experience asthma symptoms as a
RESULT OF BEING EXPOSED TO 1 2 3 4 5 6 7
DUST?

18. Experience DIFFICULTY
BREATHING OUT as a result of 1 2 3 4 5 6 7
your asthma?

19. Feel you had to AVOID A
SITUATION OR ENVIRONMENT 1 2 3 4 5 6 7
BECAUSE OF DUST?

20. WAKE UP IN THE MORNING WITH
ASTHMA SYMPTOMS? 1 2 3 4 5 6 7

21. Feel AFRAID OF NOT HAVING
YOUR ASTHMA MEDICATION 1 2 3 4 5 6 7
AVAILABLE?

22. Feel bothered by HEAVY
BREATHING? 1 2 3 4 5 6 7

23. Experience asthma symptoms as a
RESULT OF THE WEATHER OR 1 2 3 4 5 6 7
AIR POLLUTION/POLLEN
OUTSIDE?

24. Were you WOKEN AT NIGHT by
your asthma?

25. AVOID OR LIMIT GOING OUTSIDE
BECAUSE OF THE WEATHER OR 1 2 3 4 5 6 7
AIR POLLUTION/POLLEN?
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ASTHMA QUALITY OF LIFE QUESTIONNAIRE (S) PATIENT ID
(NEW ZEALAND VERSION)
SELF-ADMINISTERED DATE

Page 4 of 5

IN GENERAL, HOW MUCH OF THE TIME DURING THE LAST 2 WEEKS DID YOU:

All of the Mostofthe A GoodBit Someof A Litlle ofthe Hardly Any None of
Time Time ofthe Time  the Time Time of the Time  the Time

26. Experience asthma symptoms as a
RESULT OF BEING EXPOSED 1 2 3 4 5 6 7
TO STRONG SMELLS OR
PERFUME?

27. Feel AFRAID OF GETTING OUT
OF BREATH? 1 2 3 4 5 6 7

28. Feel you had to AVOID A
SITUATION OR ENVIRONMENT
BECAUSE OF STRONG SMELLS 1 2 3 4 5 6 7
OR PERFUME?

29. Has you asthma INTERFERED
WITH GETTING A GOOD 1 2 3 4 5 6 7
NIGHT'S SLEEP?

30. Have the feeling of FIGHTING FOR
BREATH? 1 2 3 4 5 6 7

HOW LIMITED HAVE YOU BEEN DURING THE LAST 2 WEEKS?

Most Not Several Very Few No
Done Not Done Not Done Limitation

31. Think of all the OVERALL RANGE
OF ACTIVITIES that you would 1 2 3 4 5 6 7
have liked to have done during the
last 2 weeks? How much has your
range of activities been limited by
your asthma?
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Appendix Xll: Participant Information

Sheet for Study Five

Participant Information Sheet

Study title:  Change in serum periostin level in severe exacerbations of asthma

(PERO3)
Locality: Medical Research Institute of Ethics 13/NTB/191
New Zealand committee ref.:
Lead Prof. Richard Beasley Contact phone 04 8050147
investigator: number:

You are invited to take part in a study to determine the change in periostin levels over
the twelve weeks following an exacerbation of asthma in a group of patients, aged 18-
75 years. Whether or not you take part is your choice. If you don’t want to take part,
you don't have to give a reason, and it won't affect the care you receive. If you do
want to take part now, but change your mind later, you can pull out of the study at any

time.

You will not be eligible to take part in this study if any of the following applies to you:
* You are known to be pregnant
* You have been admitted to hospital (not including admissions for asthma) or
had surgery in the last 3 months

¢ You have had a bone fracture in the last 3 months

This Participant Information Sheet will help you decide if you'd like to take part. It sets

out why we are doing the study, what your participation would involve, what the

benefits and risks to you might be, and what would happen after the study ends. We
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will go through this information with you and answer any questions you may have. We
expect this will take about 20 minutes. You may also want to talk about the study with
other people, such as family, whanau, friends, or healthcare providers. Feel free to do

this.

If you agree to take part in this study, you will be asked to sign the Consent Form on
the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 8 pages long, including the Consent Form. Please make sure you have

read all the pages. If you require an interpreter, this will be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure.

It is easily measured (by a blood test) and in the future it may be used to determine
the status of a person’s disease, including its severity, if it is progressing or if it is no
longer present. Proteins like periostin that can allow doctors to assess a disease are
known as biomarkers. This study is being conducted to determine changes in periostin
levels over time in patients with asthma which will allow this disease to be better

monitored and treated in the future.

We aim to have a total of 34 participants involved in this study.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study

is being funded by Genentech Inc, a member of the Roche Group.

The study has been approved by the Northern B Health and Disability Ethics
Committee, reference number 13/NTB/191.
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What would your participation involve?

The study is being conducted at the Medical Research Institute of New Zealand, based
in Wellington Hospital. If applicable study visits may also take place at your GP surgery,
local hospital, or at your home, with your permission. If you agree to be a part of the
study you will complete your first visit within 24 hours of your exacerbation of asthma
and then attend for a further 5 visits (6 in total). Visits 1 and 6 will take about an hour

and visits 2-5 will take about half an hour.

Visit Outline

Visit 1

After reading this information sheet and signing the informed consent form, the study
investigator will provide you with a general health questionnaire which you will fill out
in their presence. The study investigator will then discuss your medical history and
current medications so that a full picture is gained of your current health. If required
we will contact your GP (with your permission) to clarify aspects of your medical
history or current medications. You will be given two asthma questionnaires (AQLQ

and ACQ-5) which you will fill out in the presence of the study investigator.

The following tests will then be carried out.

* We will measure nitric oxide (a gas that you normally breathe out) by asking
you to breathe into a tube.

* To check the health and function of your lungs you will be asked to do some
breathing exercises. You will then follow the instructions given to you by the
investigator, for a few minutes. This test will be done so that 3 of your best
measurements are recorded. This may take up to 8 measurements (or more if
you agree) in total, so that we can record the best results.

* We will take a small blood sample, to measure your full blood count,
electrolytes and creatinine as well as serum IgE, and serum periostin level.

* Finally we will take a nasal swab, which will be inserted into your nose and a

sample will be collected and analysed for viruses.
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Visit 2-5
You will be asked about your current health and any changes to your health since your
last visit. We will then ask you to perform the following:

* We will measure nitric oxide (a gas that you normally breathe out) by asking
you to breathe into a tube.

* To check the health and function of your lungs you will be asked to do some
breathing exercises. You will then follow the instructions given to you by the
investigator, for a few minutes. This test will be done so that 3 of your best
measurements are recorded. This may take up to 8 measurements (or more if
you agree) in total, so that we can record the best results.

* We will take a small blood sample, to measure your full blood count,

electrolytes and creatinine as well as serum IgE, and serum periostin level.

Visit 6

You will be asked about your current health and any changes to your health since your
last visit. You will complete both of the asthma questionnaires again in the presence of
the study investigator. The following tests will again be carried out:

* We will measure nitric oxide (a gas that you normally breathe out) by asking
you to breathe into a tube.

* To check the health and function of your lungs you will be asked to do some
breathing exercises. You will then follow the instructions given to you by the
investigator, for a few minutes. This test will be done so that 3 of your best
measurements are recorded. This may take up to 8 measurements (or more if
you agree) in total, so that we can record the best results.

* We will take a small blood sample, to measure your full blood count,

electrolytes and creatinine as well as serum IgE, and serum periostin level.

What are the possible benefits and risks to you of participating?

Benefits
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There will be no direct benefit to you in participating in this study, you will however be

part of research which may benefit yourself and others in the future.

Study Procedure Risks/ Side Effects

Blood Samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around 10ml of blood will be taken
during the study. In some cases we may require extra samples, for example to re-do a
test that could not be analysed.

A local laboratory will analyse your full blood count, as well as serum IgE.

Periostin will be analysed at a central laboratory outside of New Zealand, by
Genentech. This laboratory is:

Covance Central Laboratory Services

8211 Scicor Drive

Indianapolis, Indiana 46214

USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples analysed locally will be destroyed by
the laboratory once the results are reported. The samples sent to Genentech may be
stored for 5 years after the study. You may hold beliefs about a sacred and shared
value of all or any tissue samples removed. The cultural issues associated with sending
your samples overseas and/or storing your tissue and/or undertaking genetic analysis
on them should be discussed with your family/whanau as appropriate. There are a
range of views held by Maori around these issues; some iwi disagree with storage of
samples and genetic testing citing whakapapa and advise their people to consult prior
to participation in research where this occurs. However it is acknowledged that

individuals have the right to choose.

Breathing Exercises
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You may feel some discomfort during or after performing the breathing exercises,
however this will be transient and you will be monitored constantly throughout the
tests by trained technicians/ study investigators. You will be seated at all times for the

tests.

Nasal Swab sample

You may feel some discomfort when the nasal swab is inserted to collect the sample.
The sample will be collected at the Institute and then sent to Genentech (outside of
New Zealand) for analysis of respiratory viruses. After measurement, the sample will
be destroyed

Cost

There will be no cost to you to take part in this study and you will be compensated for
your time and travel expenses to attend your study visits ($20 for visits 2-5 and $45 for

visit 6).

General Health Care

Your general health care remains with your GP throughout the time you are in the
study and if you experience any problems you should contact your usual health care
provider. As part of the informed consent process we will ask for your permission to
inform your GP of any unexpected clinically significant findings.

As part of the study you will be seen by study investigators, study doctors and trained

staff who will conduct all the study specific assessments.

What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you won't be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor, (Medical Research Institute of New
Zealand), in line with current guidelines. We can give you a copy of these guidelines if
you wish. You would be able to take action through the courts if you disagreed with

the amount of compensation provided.
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If you have private health or life insurance, you may wish to check with your insurer

that taking part in this study won't affect your cover.

What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in
this study, and if you choose not to take part it will in no way affect your future health
care. If you do agree to take part you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, as part of doing the study. By agreeing
to take part in this research, you will allow your medical information and results to be
seen by people who check that the research was done properly, for example the ethics
committee and study monitor.Nothing which could personally identify you will be used
in any reports on this study, or provided as part of future studies. Your personal
information (for example name, sex, age and medical conditions) and other
information will be identified by a study number (i.e. coded). The study records will be
stored securely during the course of the study and once it is completed. After all
participants have completed the study and the data has been monitored, the records
will be archived for a minimum of 10 years as per New Zealand regulations. The

records will then be securely destroyed.

What will happen after the study ends, or if you pull out?
Once the study has finished and the data has been analysed you will be able to find out
the results from the study. You may also request a copy of your individual lung

function results.

The sponsor may stop the study at any time. You may be asked to leave the trial, for

the following reasons:
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* In the Investigator’s opinion it would not be in your best interest to continue in
the study
* Any safety concerns

* You do not follow instructions during the study visits

Where can you go for more information about the study, or to raise concerns or
complaints?
If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Dr Ruth Semprini
Phone: (04) 805 0232
E-mail: ruth.semprini@mrinz.ac.nz

For Maori health support, please contact:
Whanau Care Services, Cultural Care Centre, Level 2, Wellington Hospital
Phone: 0800 999442 or 04 806 0948

Email: wcs@ccdhb.org.nz

If you want to talk to someone who isn’t involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
Email: advocacy@hdc.org.nz

You can also contact the health and disability ethics committee (HDEC) that approved
this study on:
Phone: 0800 4 ETHICS (0800 4 384 427)

Email: hdecs@moh.govt.nz
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Consent Form

Study title: Change in serum periostin level in severe exacerbations of asthma
(PERO3)
Participant Number:

Please tick to indicate you consent to the following:

| have read (or have had read to me in a language | understand) and understood the

Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this

study.

| have had the opportunity to use a legal representative, whanau/ family support or a

friend to help me ask questions and understand the study

| am satisfied with the answers | have been given regarding the study and | have a

copy of this consent form and information sheet.

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

| consent to the research staff collecting and processing my information, including

information about my health

| consent to my blood sample for Periostin and my nasopharyngeal swab sample to be

sent overseas for storage and analysis

If | decide to withdraw from the study, | agree that the information collected about

me up to the point when | withdraw may continue to be processed

| consent to my GP/usual health care provider being informed of any significant

abnormal results obtained during the study

| agree to an approved auditor appointed by the New Zealand Health and Disability
Ethic Committees, or any relevant regulatory authority or their approved
representative reviewing my relevant medical records for the sole purpose of

checking the accuracy of the information recorded for the study.

| understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study.

| understand the compensation provisions in case of injury during the study.

| know who to contact if | have any questions about the study in general
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| understand my responsibilities as a study participant.

Yes No

| wish to receive a summary of the results from the study.

| give consent for study investigators to contact my GP/ usual health care

provider to clarify my medical history or current medications, if required

| give consent for study investigators to inform my GP/ usual health care

provider of my participation in this study

Declaration by participant:

| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:

| have given a verbal explanation of the research project to the participant, and have
answered the participant’s questions about it.

| believe that the participant understands the study and has given informed consent to

participate.

Name of person conducting informed consent discussion

(print)
Signature of person conducting informed consent Date

discussion
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Appendix Xlll: Protocol for Study Five

Protocol

Change in serum periostin level in severe exacerbations of asthma
Protocol No.: PERO3

UTN: U1111-1150-0474

ANZCTRN: ACTRN12614000443695

Rationale

Periostin is an extracellular matrix protein encoded by the POSTN gene (an IL-4/ IL-13
inducible gene) thought to be an adhesion molecule because it possesses four fasciclin
| domains.? Periostin has been shown to be secreted in the extracellular matrix from

the basolateral surface of bronchial epithelial cells after stimulation with IL-13.%

Periostin has been studied in patients with asthma, expression levels of the POSTN
gene corresponding to reticular basement membrane thickness an indicator of
subepithelial fibrosis.”® Periostin is thought to enhance fibrosis in the airways by
binding to other extracellular proteins collagen, fibronectin and tenascin C.?*’ Periostin
may also have a role in other TH2 driven inflammation such as nasal polyps,

eosinophilic oesophagitis, allergic rhinitis and atopic dermatitis.

A highly specific serum assay for periostin has been produced which allows levels of
periostin in peripheral blood to be tested. Through use of this assay periostin has been
identified as a systemic biomarker for airway eosinophilia. Periostin levels in
peripheral blood correspond to eosinophilic inflammation in tissue taken from the
airways of patients with asthma.?® Using periostin as a systemic biomarker of airway
eosinophilia would provide a minimally invasive monitoring technique which could be
used to monitor severity, response to treatment and determine treatment options for

patients with asthma.”® In order to use serum periostin levels as a biomarker in
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asthma a more complete picture of periostin production in asthma needs to be
formed. This study of the periostin levels in severe exacerbations of asthma would
provide further information on the production of periostin in asthma. Until now the
periostin assay has only been used to determine the relationship of periostin with
eosinophilic airway inflammation in patients not responding to inhaled steroid
treatment and has not been studied in patients with acute severe exacerbations of

asthma.?

This study has been initiated and designed by the Medical Research Institute of New
Zealand in collaboration with Genentech, Inc (a member of the Roche group). The
Institute is the Sponsor of this study and undertakes Sponsor responsibilities for the
purposes of ethical and any applicable regulatory requirements. Genentech are fully
funding the study.

Objective

To determine the change in serum periostin level over the 12 weeks following a severe

exacerbation of asthma which resulted in hospital admission

Outcomes
Primary outcome measure:

Changes in periostin level over the 12 weeks following a severe exacerbation of asthma

Secondary outcome measures:
Investigation of potential associations between serum periostin and the following:
* AQLQ score (from respiratory health questionnaire)
* Non-asthmatic health conditions (as captured by general health questionnaire
e.g. diabetes)
* Spirometry (FEV1 and FVC)
* Fractional exhaled Nitric Oxide (FeNO) level
* Full blood count including white cell differential

e Serum IgE

Exploratory outcome measures (RCR only)
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Other immune mediated biomarkers

RNA- based biomarker analyses

Study design

Participants:

34 Participants will be recruited within 24 hours of commencing systemic

corticosteroids for a severe exacerbation of asthma.

Inclusion Criteria

Aged between 18 to 75 years

Able to provide written informed consent

Doctor diagnosis of asthma

Exacerbation of asthma, defined as one or both of the following criteria:

Use of systemic corticosteroids (tablets, suspension, or injection), or an
increase from a stable maintenance dose, for at least 3 days. For consistency,
courses of corticosteroids separated by 1 week or more should be treated as
separate severe exacerbations.

A hospitalization or Emergency Department visit because of asthma, requiring
systemic corticosteroids.

Participants prescribed a dose of systemic corticosteroids for at least 3 days will
be eligible for the study, though it is recognised they will not have taken
systemic corticosteroids for 3 days at the point of enrolment. Participants will
not be eligible if they have commenced systemic corticosteroids greater than
24 hours prior to enrolment.

Participants who have increased from their stable maintenance dose of
systemic corticosteroids will only be eligible if this dose increase is confirmed to

be less than 24 hours prior to enrolment.

Exclusion Criteria

Known Pregnancy*

Significant co morbidities (determined at investigator discretion)
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* Hospital admission within last 3 months for condition other than asthma

e Surgery within last 3 months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc).

* Bone fracture within the last 3 months

* Any other safety concern at the investigator’s discretion

* If a potential subject is aware they are currently pregnant, or actively trying to
conceive, they will be excluded from the study as pregnancy can affect FeNO,
eosinophil and spirometry results. No pregnancy test will be performed on women of

childbearing potential as there are no safety concerns relating to this study.

Following screening, 34 participants will be enrolled.

Study Procedures

Study Visits

Participants will be seen é times. The location of this visit will depend upon the
circumstances of the potential participant’s asthma exacerbation, but will be within a
pre- approved Locality as per HDEC guidelines. Visit 1 will be within 24 hours of
starting systemic corticosteroids (or from increasing from a stable maintenance dose
of systemic corticosteroids) and then participants will be seen one, two, four, eight and

12 weeks post Visit 1.

For visits 2-6 there will be a visit window of +/- 3 days. If a visit is delayed the
calculated schedule of visit dates from baseline (visit 1) shall be maintained. Any delays
greater than +/- 3 days will be recorded as protocol deviations, and included in the

final analysis.

Visit 1

Details of the severe asthma exacerbation documented as follows:
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Written Informed Consent

Completion of General Health Questionnaire

Completion of Respiratory Health Questionnaire AQLQ

Completion of ACQ5 Questionnaire

Measurement of Body Mass Index (BMI)

Spirometry assessment (Measurement of FEV, and FVC)

Measurement of FeNO

Nasopharyngeal swab for viral PCR

Laboratory samples (taken within 24 hours of participant commencing or
increasing maintenance systemic corticosteroids) for measurement of:

Full blood count (including differential white cell count)

Serum IgE

Serum periostin level.

Serum and RNA- based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be
collected from participants who provide consent on the RCR informed consent
form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository).

Visit 2-5

Spirometry assessment (Measurement of FEV, and FVC)

Measurement of FeNO

Laboratory samples for measurement of:

Periostin level

Full blood count (including differential white cell count)

Serum IgE

Serum periostin level

Serum and RNA based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be
collected from participants who provide consent on the RCR informed consent
form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository).
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Visit 6
At 12 weeks participants will attend an end of study visit during which the following

will be performed:

* Respiratory Health Questionnaire AQLQ

¢ ACQ5 Questionnaire

* Spirometry (FEV,and FVC)

* FeNO

* Laboratory samples for measurement of:

* Full blood count (including differential white cell count)

¢ Serum IgE

* Serum periostin level

¢ Serum and RNA based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be
collected from participants who provide consent on the RCR informed consent
form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository).

Informed Consent
Informed consent will be obtained according to ethical and GCP guidelines, and will
take place in an appropriate environment. Each participant will sign an informed

consent form at the first visit, prior to conducting the procedures listed above.

Respiratory Health Questionnaire

The Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ(S)) is a
validated 32 question self administered questionnaire that will be used to obtain
severity of asthma in the two weeks prior to visit 1 and 6.

The Asthma Control Questionnaire (ACQ5) is a validated 5 question self administered
guestionnaire that will be used to obtain severity of asthma in the 1 week prior to visit

1 and 6.
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General Health Questionnaire

The health questionnaire will be used to obtain the current health status of
participants, including a history of cancer, cardiovascular disease, gastro-oesophageal
reflux (GORD), rhinitis, sinusitis, and eczema (see appendix 1). As part of the
assessment of general health participants will undergo height and weight

measurement to obtain their BMI.

Lung Function Tests

Nitric Oxide

Nitric oxide (FeNO) will be measured using a nitric oxide monitor (NIOX MINO;
Aerocrine AB, Solna, Sweden) according to the ATS guidelines published in 2005.
Seated subjects will exhale fully and then inhale ambient air through a nitric oxide
scrubber to total lung capacity. Subjects will then exhale against an automatically
adjusting resistance to achieve a constant exhalation flow rate of 50 ml/s +/- mls.
Resistance will be adjusted so that an upper airway pressure of 10-20 cm H20 is
maintained throughout exhalation, sufficient to close the velum and exclude nasal air.
FeNO measurements will be taken from a stable plateau in exhaled nitric oxide
concentration during an exhalation. Exhalations where flow rate and plateau criteria
are not met will be deemed not acceptable for measurement. One acceptable
exhalation will be measured and recorded at each time point. Measurements will be
made before other pulmonary function testing. Participants will be tested within 24
hours of a hospital attendance or commencement of systemic steroids, times of last

consumption of caffeine, food and tobacco prior to testing will be documented.

Spirometry

Participants will undergo pulmonary testing using a spirometer which meets the
guidelines outlined by the American Thoracic Society 2005-Standardisation of
spirometry. A portable spirometer (Micro Medical Micro DL) attached to a laptop so
that flow loops can be viewed at time of procedure.

Last use of bronchodilator medication (inhaler, nebuliser) prior to testing will be

documented.
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General guidelines
All tests will be performed:
Sitting

With nose clips on

The tests will be clearly explained to the subject before they are started and positive

encouragement given at all stages of the test.

Acceptability criteria
Criteria for technically unsatisfactory tests:
* Coughing during the first second of the exhalation
* Glottis closure that influences the measurement
¢ Effort that is not maximal throughout
¢ Obstructed mouthpiece e.g. tongue in front of the mouthpiece
* Aleak in the system or around the mouthpiece
* Excessive hesitation at the start of expiration (extrapolated volume <5% or
150ml of FVC -whichever is greater.

* Early termination of test by subject

Repeatability criteria
* Less than 150 ml variation in FEV1 between attempts

* Less than 150 ml variation in FVC between attempts

Testing should be continued until 3 acceptable manoeuvres have been completed or
the subject has performed 8 manoeuvres-more can be done if the subject agrees.
According to ATS guidelines subjects who are unable to produce reproducible flow
volume loops (reproducible flow loops are those with <150ml variation in FEV1 and
FVC) will not be excluded from analysis. In subjects who were not able to produce 3
acceptable flow volume loops comments regarding the technical acceptability of their

testing will be made.

Laboratory Samples
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Samples for the following tests will be analysed by a local laboratory:
e Serum IgE
* Full blood count (including differential white cell count)

Samples will be analysed as per the laboratory’s standard operating procedures.

Samples for the following tests will be sent to Genentech (or designee) to be analysed:
* Serum periostin level
* Optional serum and RNA- based biomarker analyses (as per the RCR analysis
below)

* Nasopharyngeal swab for viral PCR

Optional Samples for Roche Clinical Repository (RCR)

Overview of the Roche Clinical Repository

The Roche Clinical Repository (RCR) is a centrally administered group of facilities for
the long-term storage of human biologic specimens, including body fluids, solid tissues,
and derivatives thereof (e.g., DNA, RNA, proteins, peptides). The collection and
analysis of RCR specimens will facilitate the rational design of new pharmaceutical
agents and the development of diagnostic tests, which may allow for individualized
drug therapy for patients in the future. Specimens for the RCR will be collected from

patients who give specific consent to participate in this optional research.

Approval by the Institutional Review Board or Ethics Committee

Sampling for the RCR is contingent upon the review and approval of the exploratory
research and the RCR specific Informed Consent Form (ICF) by the New Zealand Health
and Disability Ethics Committees.

Optional RCR Sample Collection

For sampling procedures, storage conditions, and shipment instructions, see the
laboratory manual. RCR specimens will be destroyed no later than 15 years after the
date of final closure of the associated clinical database. The RCR storage period will be

in accordance with the IRB/EC-approved ICF and applicable laws (e.g., health authority
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requirements). The dynamic biomarker specimens will be subject to confidentiality
standards, i.e. by coding each participant enrolled in the study through assignment of a
unique subject identification number. This means that participant names are not

included in data sets that are transmitted to any location outside of the MRINZ.

Confidentiality

Data generated from RCR specimens must be available for inspection upon request by
representatives of national and local health authorities, and Roche monitors,
representatives, and collaborators, as appropriate. Participant medical information
associated with RCR specimens is confidential and may only be disclosed to third
parties as permitted by the ICF (or separate authorization for use and disclosure of
personal health information) signed by the participant, unless permitted or required by
law. Data derived from RCR specimen analysis on individual participants will generally
not be provided to study investigators unless a request for research use is granted. The
aggregate results of any research conducted using RCR specimens will be available in
accordance with the effective Roche policy on study data publication.

Any inventions and resulting patents, improvements, and/or know-how originating
from the use of the RCR data will become and remain the exclusive and unburdened

property of Roche, except where agreed otherwise.

Consent to Participate in the Roche Clinical Repository

There will be a separate ICF which will contain information that addresses participation
in the RCR. The investigator or authorized designee will explain to each participant the
objectives, methods, and potential hazards of participation in the RCR. Participants will
be told that they are free to refuse to participate and may withdraw their specimens at
any time and for any reason during the storage period. A separate, specific signature
will be required to document a participant’s agreement to provide optional RCR
specimens. Participants who decline to participate will not provide a separate
signature. In the event of an RCR participant's death or loss of competence, the

participant's specimens and data will continue to be used as part of the RCR research.

Withdrawal from the Roche Clinical Repository
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Participants who give consent to provide RCR specimens have the right to withdraw
their specimens from the RCR at any time for any reason. If a participant wishes to
withdraw consent to the testing of his or her specimens, the investigator will inform
the Genentech in writing of the participant’s wishes. The participant will be provided
with instructions on how to withdraw consent after the trial is closed. A participant’s
withdrawal from this study does not, by itself, constitute withdrawal of specimens
from the RCR. Likewise, a participant’s withdrawal from the RCR does not constitute

withdrawal from this study.

Monitoring and Oversight

RCR specimens will be tracked in a manner consistent with Good Clinical Practice (GCP)
by a quality-controlled, auditable, and appropriately validated laboratory information
management system, to ensure compliance with data confidentiality as well as
adherence to authorized use of specimens as specified in this protocol and in the ICF.
Roche and MRINZ monitors and auditors will have direct access to appropriate parts of
records relating to patient participation in the RCR for the purposes of verifying the
data provided to Roche, as necessary. The site will permit monitoring, audits, IRB/EC
review, and health authority inspections by providing direct access to source data and

documents related to the RCR samples.

Safety Monitoring

Adverse Event Reporting

For the purposes of this study, the study duration is considered to start once the
informed consent form has been signed by the participant. The study period will be
deemed to have ended when the study participant completes their final study visit
(visit 6) and leaves MRINZ premises. The MRINZ will be responsible for reviewing the
blood tests taken during the study visits and reporting any clinically significant

abnormalities to the participant’s GP/ primary healthcare provider, as necessary.

Adverse Events
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An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visits and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death
¢ Life-threatening event
* Permanently disabling or incapacitating event
* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for
elective reasons
* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current
guidelines. SAEs and AEs will be followed up until resolution, or judged to be
permanent. All SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours

of the study investigators becoming aware of the event.

Abnormal Laboratory Values
Not every laboratory abnormality qualifies as an adverse event. A laboratory test result
should be reported as an adverse event if it meets any of the following criteria:
* Accompanied by clinical symptoms
* Results in a medical intervention (e.g., potassium supplementation for
hypokalemia) or a change in concomitant therapy

¢ Clinically significant in the investigator’s judgment
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The investigators will review all laboratory findings. Medical and scientific judgment
will be exercised in deciding whether an isolated laboratory abnormality should be
classified as an adverse event. All relevant adverse event information will be

communicated to a participant’s primary health care provider as necessary.

Data Safety Monitoring Committee
Internal safety monitoring and review of safety events will be conducted by a Medical

Research Institute non-study Researcher.

Data Handling/ Statistical Methods

Study Power:
34 Participants are sufficient to detect a paired difference in periostin of 0.5 standard
deviation with 80% power. The conventional interpretation of an effect size of 0.5 of a

standard deviation is of a medium effect size.

Statistical analysis:

The periostin levels will be plotted against time and a non-parametric scatter plot
smoother will be used to determine if there is pattern of variation with time that might
be usefully explored with parametric regression (eg linear, quadratic, cubic time
terms). Paired t-test and mixed linear models will be used to compare the 12 week
periostin level with measurements at the other times to formally compare the change

with time. This analysis may need to be performed on the log-transformed scale.
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Appendix XIV: Participant Information

Sheet for Study Six

Participant Information Sheet

Study title:  periostin as a predictor of severe exacerbations in asthma (PER09)
Locality: Medical Research Institute Ethics 15/CEN/33

of New Zealand committee ref.:
Lead Prof. Richard Beasley Contact phone 048050147
investigator: number:

You are invited to take part in a study to determine whether or not periostin levels are
predictive of severe asthma attacks in a group of patients with otherwise stable
asthma. Whether or not you take part is your choice. If you do not want to take part,
you do not have to give a reason, and it will not affect the care you receive. If you do
want to take part now, but change your mind later, you can pull out of the study at any
time. You are being asked to take part in this study, as you have previously been
involved in the New Zealand Respiratory Health Survey, or the Longitudinal Study of
Serum Periostin Levels in Asthma (Periostin 2), run at the Medical Research Institute of

New Zealand.

You will not be eligible to take part in this study if any of the following applies to you:
* You are known to be pregnant or actively trying to conceive
* You have had surgery in the last 3 months

* You have had a bone fracture in the last 3 months
The Participant Information Sheet will help you decide if you would like to take part. It

sets out why we are doing the study, what your participation would involve, what the

benefits and risks to you might be, and what would happen after the study ends. We
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will go through this information with you and answer any questions you may have. We
expect this will take about 20 minutes. You may also want to talk about the study with
other people, such as family, whanau, friends or healthcare providers. Feel free to do

this.

If you agree to take part in this study, you will be asked to sign the Consent Form on
the last page of this document. You will be given a copy of both the Participant

Information Sheet and the Consent Form to keep.

This document is 7 pages long, including the Consent Form. Please make sure you

have read all the pages. If you require an interpreter, this can be arranged.

Why are we doing the study?

The protein periostin has been found to be present in a number of medical conditions,
including asthma, early bone healing, progression of various cancers and kidney
disease related to high blood pressure. It is easily measured (by a blood test) and in
the future, it may be used to determine the status of a person’s disease, including its
severity, if it is progressing or if it is no longer present. Proteins like periostin that can
allow doctors to assess a disease are known as biomarkers. This study is being
conducted to determine whether or not periostin can be used as a predictive
biomarker for severe asthma attacks in people with asthma, which may allow asthma
to be better monitored and treated in the future. To find out, we would like to follow-
up on our previous studies that you were involved in, by looking at your serum
periostin level in relation to any severe asthma attacks you may have experienced,
between the original periostin level being taken and your current visit as part of this

study.

We aim to have a total of 230 participants involved in this study.

The Sponsor of this study is the Medical Research Institute of New Zealand. The study

is being funded by Genentech Inc., a member of the Roche Group. The study has been

approved by Central Health and Disability Ethics Committee, reference 15/CEN/33.
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What would your participation involve?
The Study is being conducted at the Medical Research Institute of New Zealand, based
at Wellington Hospital. If you agree to be a part of the study, you will need to attend

the Institute for a visit, which will take up to two hours.

Visit Outline

After reading this information sheet and signing the informed consent form, the study
investigator will provide you with an Asthma Exacerbation Questionnaire, which you
will fill out in their presence. The study investigator will then discuss your medical
history and current medications so that a full picture is gained of your current health.
With your permission, we will contact your GP and search your hospital records, to
confirm your contact with healthcare services since you last visited the Medical

Research Institute of New Zealand.

You will be asked to bring in your current medications and to withhold the following
prior to breathing tests:

* Withhold caffeine for 6 hours prior to your appointment

* Withhold cigarettes for 2 hours prior to your appointment

* Withhold food for 1 hour prior to your appointment

* You will be given two asthma questionnaires (Asthma Quality of Life
Questionnaire and Asthma Control Questionnaire-7) which you will fill out in
the presence of the study investigator.

The following tests will then be carried out:

* We will measure nitric oxide (a gas that you normally breathe out) by asking
you to breathe into a tube.

* To check the health and function of your lungs, you will be asked to do some
breathing exercises. You will then follow the instructions given to you by the
investigator for a few minutes. This test will be done so that three of your best
measurements are recorded. This may take up to eight measurements (or

more if you agree) in total, so that we can record the best results.
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*  We will take a small blood sample, to measure your full blood count, serum IgE,
creatinine, urea, electrolytes and your serum periostin level.

If for any reason you cannot complete the tests (e.g. due to not withholding caffeine

etc) at the visit, you can go through the consent process and can attend for a second

visit to complete the testing on a different day.

What are the possible benefits and risk to you of participating?

Benefits
There will be no direct benefit to you in participating in this study. You will however

be part of research that may benefit yourself and others in the future.

Study Procedure Risks and Side Effects

Blood samples

You may experience some discomfort during the taking of a blood sample and there is
always the risk of bleeding, swelling and bruising at the site of the needle during
sampling. All samples will be taken by trained staff. Around 1-2 tablespoons of blood
will be taken. A local laboratory will analyse your full blood count, creatinine, urea,
electrolytes and serum IgE. Periostin will be analysed at a central laboratory outside
New Zealand, by Genentech. This laboratory is:

Covance Central Laboratory Services

8211 Scicor Drive

Indianapolis

Indiana 46214

USA

Your blood samples will be coded with a unique subject number and your name will
not be used to identify the samples. The samples analysed locally will be destroyed by
the laboratory once the results are reported. The samples sent to Genentech may be
stored for 5 years after the study has ended. You may hold beliefs about a sacred and
shared value of all or any tissue samples removed. The cultural issues associated with

sending your samples overseas and/or storing your tissue and/or undertaking genetic
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analysis on them should be discussed with your family/whanau as appropriate. There
are a range of views held by Maori around these issues; some lwi disagree with the
storage of samples and genetic testing citing whakapapa and advise their people to
consult prior to participation in research where this occurs. However, it is

acknowledged that individuals have the right to choose.

Breathing Exercises

You may feel some discomfort during or after performing the breathing exercises,
however this will be transient and you will be monitored constantly throughout the
tests by trained technicians/study investigators. You will be seated at all times for the

tests.

Cost
There will be no cost to you to take part in this study and you will be compensated for

your time and travel expenses to attend your study visits ($50 per visit).

General Health Care

Your general health care remains with your GP throughout the time you are in the
study and if you experience any problems, you should contact your usual health care
provider. As part of the informed consent process, we will ask for your permission to
inform your GP of any unexpected clinically significant findings we become aware of
during the course of the study. As part of the study, you will be seen by study
investigators, study doctors and trained staff who will conduct all the study specific

assessments.

What would happen if you were injured in the study?

If you were injured as a result of treatment given as part of this study, which is
unlikely, you may not be eligible for compensation from ACC. However, compensation
would be available from the study’s sponsor (Medical Research Institute of New
Zealand). You would be able to take action through the courts if you disagreed with

the amount of compensation provided.
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If you have private health or life insurance, you may wish to check with your insurer

that taking part in this study will not affect your cover.

What are the rights of participants in the study?

Your participation is entirely voluntary (your choice). You do not have to take part in
this study, and if you choose not to take part it will in no way affect your future health
care. If you do agree to take part, you are free to withdraw from the study at any time,

without having to give a reason.

Confidentiality and Data Privacy

If you decide to participate, the study doctor and relevant Institute staff will collect
medical and personal information about you, including from your hospital and GP
records, as part of doing the study. By agreeing to take part in this research, you will
allow your medical information and results to be seen by people who check that the
research was done properly, for example the ethics committee and study monitor.
Nothing that could personally identify you will be used in any reports on this study, or
provided as part of future studies. Your personal information (for example name, sex,
age and medical conditions) and other information will be identified by a unique

number (i.e. coded).

The study records will be stored securely during the course of the study and once it is
completed. After all participants have completed the study and the data has been
monitored, the records will be archived for a minimum of 10 years as per New Zealand

regulations. The records will then be securely destroyed.

What will happen after the study ends, or if you pull out?

Once the study has finished and the data has been analysed you will be able to find out
the results from the study. You may also request a copy of your individual lung
function results. If you pull out of the study, you may request that we do not use any
of your data as part of the results. The sponsor may stop the study at any time. You

may be asked to leave the trial, for the following reasons:
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* In the Investigator’s opinion it would not be in your best interest to continue in
the study
* Any safety concerns

* You do not follow instructions during the study visit

Where can you go for more information about the study, or to raise concerns or
complaints?
If you have any questions, concerns or complaints about the study at any stage, you

can contact the study investigator:

Name: Ruth Semprini
Phone: 04 805 0232
E-mail: ruth.semprini@mrinz.ac.nz

For Maori health support, please contact:
Whanau Care Services, Cultural Care Centre, Level 2 Wellington Hospital
Phone: 0800 999 442 or 04 806 0948

E-mail: wcs@ccdhb.org.nz

If you want to talk to someone who is not involved with the study, you can contact an

independent health and disability advocate on:

Phone: 0800 555 050
Fax: 0800 2 SUPPORT (0800 2787 7678)
E-mail: advocacy@hdc.org.nz

You can also contact the Health and Disability Ethics Committee (HDEC) that approved
this study on:
Phone: 0800 4 ETHICS (0800 4384 427)

E-mail: hdecs@moh.govt.nz
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Consent Form

Study Title: Periostin as a predictor for a severe exacerbation in asthma (PER09)
Participant Number:

Please tick to indicate you consent to the following. If you need an interpreter, please

tell us:

| have read (or have had read to me in a language | understand) and understood the

Participant Information Sheet

| have been given sufficient time to consider whether or not to participate in this study.

| have had the opportunity to use a legal representative, whanau/family support or a

friend to help me ask questions and understand the study.

| am satisfied with the answers | have been given regarding the study and | have a copy

of this consent form and information sheet.

| understand that taking part in this study is voluntary (my choice) and that | may

withdraw from the study at any time without this affecting my medical care.

| consent to the research staff collecting and processing my information, including

information about my health.

| consent to my blood sample for Periostin to be sent overseas for storage and analysis.

If I decide to withdraw from the study, | agree that the information collected about me

up to the point when | withdraw may continue to be processed.

| consent to my GP/usual health care provider being informed for any significant

abnormal results obtained during the study.

| agree to an approved auditor appointed by the New Zealand Health and Disability
Ethics Committees, or any relevant regulatory authority or their approved representative
reviewing my relevant medical records for the sole purpose of checking the accuracy of

the information recorded for the study.

| understand that my participation in this study is confidential and that no material,

which could identify me personally, will be used in any reports on this study.

| understand the compensation provisions in case of injury during the study.

| know whom to contact if | have any questions about the study in general.

| understand my responsibilities as a study participant.

| give consent for study investigators to review my medical records from both my
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GP/usual health care provider and hospital records to corroborate my use of healthcare

since my last visit to the Medical Research Institute of New Zealand.

| give consent for the study investigators to inform my GP/usual health care provider of

my participation in this study.

YES

NO

| wish to receive a summary of the results from the study.

Declaration by participant:

| hereby consent to take part in this study

Participant name (print)

Participant signature Date

Declaration by member of research team:

| have given a verbal explanation of the research project to the participant, and have

answered the participant’s questions about it. | believe that the participant understands

the study and has given informed consent to participate.

Name of person conducting informed consent discussion

(print)

Signature of person conducting informed consent Date

discussion
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Appendix XV: Protocol for Study Six

Protocol

Periostin as a predictor of severe exacerbations in asthma
Protocol No.: PERO9

UTN: U1111-1167-8494

ANZCTRN: ACTRN12615000503527

Rationale

Asthma is a heterogenous and common condition. New Zealand has some of the
highest rates of childhood asthma in the world.?*> The economic burden of such a
common condition has been estimated at around NZ$800 million per annum with
around 8,000 hospital admissions and 2800 day cases.?*> Asthma is primarily an
inflammatory condition featuring wheeze, cough and breathlessness. The main
pathway implicated in asthma airway inflammation is that of the Th2 inflammatory
pathway.** Whilst eosinophilic airway inflammation is upregulated by IL-5, periostin is
induced by IL-4 and IL-13 and has been shown to be upregulated in the airways of
severe asthmatics.”” Traditionally corticosteroids have been used to treated airway
inflammation found in asthma and are particularly effective in asthmatics where their
inflammation is driven by airway eosinophilia.?*®* However roughly five to ten per cent
of asthmatic patients remain uncontrolled despite high doses of inhaled and/or
ingested corticosteroids.?** A biomarker that correlates with asthma severity would be
useful both in terms of disease monitoring but also tailoring treatment to that of the

individual patient.

Periostin is an extracellular matrix protein encoded by the POSTN gene (an IL-4/1L-13
inducible gene) and is thought to be an adhesion molecule as it possesses four fasciclin
| domains.* It has been shown to have functions in bone and tissue repair, oncology,
cardiovascular and respiratory systems and in various other inflammatory settings.

The secretion of periostin by lung fibroblasts, after stimulation with IL-13, results in
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subepithelial fibrosis.'® Periostin is thought to enhance fibrosis in the airways by
binding to other extracellular proteins such as collagen, fibronectin and tenascin C.?*
Periostin may also have a role in other TH2 driven inflammation such as nasal polyps,

eosinophilic oesophagitis, allergy rhinitis, chronic sinusitis and atopic dermatitis.

Periostin has previously been shown to be useful as a biomarker of TH2 and
eosinophilic inflammation.?”?® A highly specific serum assay has been produced which
allows levels of periostin in peripheral blood to be tested. Using periostin as a
systemic biomarker of airway eosinophilia would provide a minimally invasive
monitoring technique which could be used to identify asthmatics who are at high risk
of severe exacerbations and, as a result, justify expensive monoclonal antibody
treatment which are known to reduce the risk of severe asthma exacerbations.?* This
study will assess the use of periostin as a predictor of severe asthma exacerbations in
pre-existing cohorts of adults with a diagnosis of asthma and compare this to currently
used markers such as blood eosinophil count, serum IgE and fractional exhaled nitric

oxide (FeNO). The cohorts include patients across a range of disease severity.

This study has been initiated and designed by the Medical Research Institute of New
Zealand in collaboration with Genentech, Inc (a member of the Roche group). The
Institute is the Sponsor of this study and undertakes Sponsor responsibilities for the
purposes of ethical and any applicable regulatory requirements. Genentech are fully

funding the study.

Objective

To evaluate the use of serum periostin as a predictor of severe asthma exacerbations*

in adults with a diagnosis of asthma.

Outcomes

Primary outcome measure

The association between serum periostin and severe asthma exacerbations in adult

asthmatics.
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Secondary outcome measures:

* The associations between serum periostin, blood eosinophil count, serum IgE,
FeNO levels and the following:

* The number of severe exacerbations of asthma (as defined by ATS/ERS
critera),®’ i.e. the use of systemic corticosteroids for at least 3 consecutive
days; or hospitalisation or ED attendances because of asthma, requiring
systemic corticosteroids

* The number of hospitalisations or ED attendances because of asthma, requiring
systemic corticosteroids

* The number of courses of systemic corticosteroids taken (prescribed or self-

administered)

These exacerbation outcomes are measured from the time of the baseline assessment
in the NZRHS and PERO2 studies to the time of reassessment, between one and five

years later.

The associations between serum periostin, blood eosinophil count, serum Igk, FeNO
levels and the following:
* Changes in asthma treatment (in accordance with stepwise approach to asthma
treatment in GINA guidelines)?

* Changein FEV, (mL/year)
Exploratory outcome measures
e  Other immune mediated biomarkers

* DNA-based biomarker analyses

*Severe asthma exacerbations are as defined by American Thoracic Society and the

European Respiratory Society criteria?®?

Study Design
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Participants
356 participants with a doctor’s diagnosis of asthma from pre-existing cohorts will be
screened. Anticipating an attrition rate of 30%, data will be collected from at least 230

participants

Cohort One

296 participants took part in the previous New Zealand Respiratory Health Survey
(NZRHS) secondary phase, completing a General Health Questionnaire, spirometry
assessment (FEV1 and FVC), bronchodilator reversibility, FENO measurement and a

blood test which included white cell differentials and a serum periostin level.

Cohort Two

60 participants have completed the previous longitudinal study of serum periostin
levels in asthma (PERO2). At initial testing, all participants answered a General Health
Questionnaire, completed spirometry assessment (FEV1 and FVC), had FeNO levels

measured and a blood test for white cell differentials and serum periostin level.

Inclusion Criteria
* NZRHS phase two or PERO2 participants

¢ Able to provide written informed consent

Exclusion Criteria

* Known Pregnancy*

e Surgery within last 3 months, determined at investigator discretion (this
includes all major surgery requiring general anaesthetic, dental extractions and
root canal procedures. This does not include minor procedures, including but
not limited to mole or wart removal, dental fillings etc)

* Bone fracture within the last 3 months

e Active (current, or within the 3 weeks prior to the visit) upper or lower
respiratory tract infection

* Any other safety concern at the investigator’s discretion
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*If a potential subject is aware they are currently pregnant, or actively trying to
conceive, they will be excluded from the study as pregnancy can affect FeNO,
eosinophil and spirometry results. No pregnancy test will be performed on women of

childbearing potential as there are no safety concerns relating to this study.

Participants may be re-screened at a suitable time should it become apparent they
cannot fulfil eligibility criteria at their initial visit (e.g. if they currently have an upper

respiratory tract infection).

Study Procedures

Study Visits
Participants will attend the MRINZ for one visit. During this visit, they will be asked to
complete:

*  Written informed consent, including consent to retrospectively review medical
records through hospital and primary health care providers to corroborate the
events described by the participants

e Asthma Control Questionnaire (ACQ7)

* Juniper Asthma Quality of Life Questionnaire (AQLQ)

* Body Mass Index (BMI) measurement

e Spirometry assessment (FEV1 and FVC)

*  FeNO measurement

* Laboratory samples for measurement of:

* Full blood count (including white cell differentials)

e Urea, electrolytes and creatinine

e Serum IgE

* Serum periostin level

* Serum and DNA based biomarker analyses will also be conducted on samples
collected for the Roche Clinical Repository (RCR). These samples will only be

collected from participants who provide consent on the RCR informed consent
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form which is a separate consent to the main study (see Optional samples for

Roche Clinical Repository).

Asthma and other respiratory-related events over the intervening time period, since
their last attendance at the MRINZ will be documented. Such events will include, but
not be limited to:

* Medication changes

* Unplanned primary health care appointments

* Emergency Department visits

* Hospitalisations for asthma

* The number of courses of prednisone completed by the participant

All participants will have their hospital medical records and their primary health care
records reviewed by a member of the study team, with their informed consent, to
corroborate the information gathered. Documented contact with the participant will
over-ride participant recall when appropriate. Participant’s recall regarding their
contact with medical professionals during an asthma exacerbation will be particularly
important where this has happened outside of Wellington, New Zealand and cannot be

corroborated with local records.

Informed Consent
Informed consent will be obtained according to ethical and GCP guidelines, and will
take place at the MRINZ. Each participant will sign an informed consent form upon

visiting MRINZ, prior to conducting the procedures listed above.

Respiratory Health Questionnaires
The Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ(S)) is a
validated 32 question self-administered questionnaire that will be used to obtain

severity of asthma in the two weeks prior to attending MRINZ.
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The Asthma Control Questionnaire (ACQ7) is a validated 7 question self-administered
guestionnaire that will be used to obtain severity of asthma in the 1 week prior to

visiting MRINZ.

Asthma Exacerbation Questionnaire is a detailed questionnaire prompting participants
to recall moderate and severe exacerbations they may have had for each twelve

month period before review.

Lung Function Tests

Nitric Oxide

FeNO will be measured using a nitric oxide monitor (NIOX MINO; Aerocrine AB, Solna,
Sweden) according to the ATS guidelines published in 2005%. Seated subjects will
exhale fully and then inhale ambient air through a nitric oxide scrubber to total lung
capacity. Subjects will then exhale against an automatically adjusting resistance to
achieve a constant exhalation flow rate of 50 ml/s +/- mls. Resistance will be adjusted
so that an upper airway pressure of 10-20 cm H20 is maintained throughout
exhalation, sufficient to close the velum and exclude nasal air. FENO measurements
will be taken from a stable plateau in exhaled nitric oxide concentration during an
exhalation. Exhalations where flow rate and plateau criteria are not met will be
deemed not acceptable for measurement. One acceptable exhalation will be measured
and recorded at each time point. Measurements will be made before other pulmonary
function testing. Participants will avoid eating for 1 hour, smoking tobacco for 2 hours,
and caffeine ingestion for 6 hours. Subjects will not be tested within 3 weeks of an

upper or lower respiratory tract infection.

Spirometry

Participants will undergo pulmonary testing using a spirometer which meets the
guidelines outlined by the American Thoracic Society 2005.

All tests will be performed:

Sitting
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With nose clips on

The tests will be clearly explained to the subject before they are started and positive

encouragement given at all stages of the test.

Acceptability criteria
Criteria for technically satisfactory tests:
* Coughing during the first second of the exhalation
* Glottis closure that influences the measurement
¢ Effort that is not maximal throughout
* Obstructed mouthpiece e.g. tongue in front of the mouthpiece
* Aleakin the system or around the mouthpiece
* Excessive hesitation at the start of expiration (extrapolated volume <5% or
150ml of FVC -whichever is greater.

* Early termination of test by subject

Repeatability criteria
Less than 150 ml variation in FEV1 between attempts

Less than 150 ml variation in FVC between attempts

Testing should be continued until 3 acceptable manoeuvres have been completed or
the subject has performed 8 manoeuvres-more can be done if the subject agrees.
According to ATS guidelines subjects who are unable to produce reproducible flow
volume loops (reproducible flow loops are those with <150ml in variation in FEV1 and
FVC) will not be excluded from analysis. In subjects who were not able to produce 3
acceptable flow volume loops comments regarding the technical acceptability of their

testing will be made.

Laboratory Samples

Samples for the following tests will be analysed by a local laboratory:

e Serum IgE
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* Full blood count (including differential white cell count)
* Urea, electrolytes and creatinine

Samples will be analysed as per the laboratory’s standard operating procedures.

Samples for the following tests will be sent to Genentech (or their designee) to be
analysed:

* Serum periostin level

Optional samples for exploratory research (as per the RCR analysis below) will also be
sent to Genentech (or their designee)
¢ Other immune mediated serum biomarkers

* DNA- based biomarker analyses

Optional Samples for Roche Clinical Repository (RCR)

Overview of the Roche Clinical Repository

The Roche Clinical Repository (RCR) is a centrally administered group of facilities for
the long-term storage of human biologic specimens, including body fluids, solid tissues,
and derivatives thereof (e.g., DNA, RNA, proteins, peptides). The collection and
analysis of RCR specimens will facilitate the rational design of new pharmaceutical
agents and the development of diagnostic tests, which may allow for individualized
drug therapy for patients in the future. Specimens for the RCR will be collected from

patients who give specific consent to participate in this optional research.

Approval by the Institutional Review Board or Ethics Committee

Sampling for the RCR is contingent upon the review and approval of the exploratory
research and the RCR specific Informed Consent Form (ICF) by the New Zealand Health
and Disability Ethics Committees.

Optional RCR Sample Collection

For sampling procedures, storage conditions, and shipment instructions, see the

laboratory manual. RCR specimens will be destroyed no later than 15 years after the
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date of final closure of the associated clinical database. The RCR storage period will be
in accordance with the IRB/EC-approved ICF and applicable laws (e.g. health authority
requirements). The dynamic biomarker specimens will be subject to confidentiality
standards, i.e. by coding each participant enrolled in the study through assignment of a
unique subject identification number. This means that participant names are not

included in data sets that are transmitted to any location outside of the MRINZ.

Confidentiality

Data generated from RCR specimens must be available for inspection upon request by
representatives of national and local health authorities, and Roche monitors,
representatives, and collaborators, as appropriate. Participant medical information
associated with RCR specimens is confidential and may only be disclosed to third
parties as permitted by the ICF (or separate authorization for use and disclosure of
personal health information) signed by the participant, unless permitted or required by
law. Data derived from RCR specimen analysis on individual participants will generally
not be provided to study investigators unless a request for research use is granted. The
aggregate results of any research conducted using RCR specimens will be available in
accordance with the effective Roche policy on study data publication. Any inventions
and resulting patents, improvements, and/or know-how originating from the use of
the RCR data will become and remain the exclusive and unburdened property of

Roche, except where agreed otherwise.

Consent to Participate in the Roche Clinical Repository

There will be a separate ICF which will contain information that addresses participation
in the RCR. The investigator or authorized designee will explain to each participant the
objectives, methods, and potential hazards of participation in the RCR. Participants will
be told that they are free to refuse to participate and may withdraw their specimens at
any time and for any reason during the storage period. A separate, specific signature
will be required to document a participant’s agreement to provide optional RCR
specimens. Participants who decline to participate will not provide a separate
signature. In the event of an RCR participant's death or loss of competence, the

participant's specimens and data will continue to be used as part of the RCR research.
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Withdrawal from the Roche Clinical Repository

Participants who give consent to provide RCR specimens have the right to withdraw
their specimens from the RCR at any time for any reason. If a participant wishes to
withdraw consent to the testing of his or her specimens, the investigator will inform
Genentech in writing of the participant’s wishes. The participant will be provided with
instructions on how to withdraw consent after the trial is closed. A participant’s
withdrawal from this study does not, by itself, constitute withdrawal of specimens
from the RCR. Likewise, a participant’s withdrawal from the RCR does not constitute

withdrawal from this study.

Monitoring and Oversight

RCR specimens will be tracked in a manner consistent with Good Clinical Practice (GCP)
by a quality-controlled, auditable, and appropriately validated laboratory information
management system, to ensure compliance with data confidentiality as well as
adherence to authorized use of specimens as specified in this protocol and in the ICF.
Roche and MRINZ monitors and auditors will have direct access to appropriate parts of
records relating to patient participation in the RCR for the purposes of verifying the
data provided to Roche, as necessary. The site will permit monitoring, audits, IRB/EC
review, and health authority inspections by providing direct access to source data and

documents related to the RCR samples.

Safety Monitoring

Adverse Event Reporting

For the purposes of this study, the study duration is considered to start once the
informed consent form has been signed by the participant. The study period will be
deemed to have ended when the study participant completes their visit and leaves
MRINZ premises. The MRINZ will be responsible for reviewing the blood tests taken
during the study visit and reporting any clinically significant abnormalities to the

participant’s GP/ primary healthcare provider, as necessary.
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Adverse Events

An adverse event is any untoward medical occurrence in a study subject temporally
associated with the testing as part of the study. An adverse event can therefore be any
unfavourable and unintended sign, symptom or disease temporally associated with the
testing carried out in the study. Adverse event data will be collected by investigators

during the study visits and after reviewing the test results.

Serious Adverse Events (SAEs)
For the purposes of this study the following events will be considered to be SAEs:
* Death
¢ Life-threatening event
* Permanently disabling or incapacitating event
* Hospitalisation. Hospitalisation for the purposes of SAE reporting is defined as
an admission to hospital and does not include a presentation to the Emergency
Department followed by discharge without admission or an admission for
elective reasons
* Any other significant medical event considered serious by the study

investigator

All SAEs will be reported to the NZ HDEC and regulatory authorities as per current
guidelines. SAEs and AEs will be followed up until resolution, or judged to be
permanent. All SAEs will be recorded by the MRINZ (as study sponsor) within 24 hours

of the study investigators becoming aware of the event.

Abnormal Laboratory Values
Not every laboratory abnormality qualifies as an adverse event. A laboratory test result
should be reported as an adverse event if it meets any of the following criteria:
* Accompanied by clinical symptoms
* Results in a medical intervention (e.g., potassium supplementation for
hypokalemia) or a change in concomitant therapy

¢ Clinically significant in the investigator’s judgment
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The investigators will review all laboratory findings. Medical and scientific judgment
will be exercised in deciding whether an isolated laboratory abnormality should be
classified as an adverse event. All relevant adverse event information will be

communicated to a participant’s primary health care provider as necessary.

Data Safety Monitoring Committee
Internal safety monitoring and review of safety events will be conducted by a Medical

Research Institute non-study Researcher.

Data Handling/Statistical Methods

Study Power

356 participants will be approached to take part in the study, based on the number of
participants recruited from the NZRHS and PERO2 studies. Assuming a 30% attrition

rate, it is envisaged that 230 participants will be enrolled into this study.

Statistical analyses:
This study will estimate the associations between baseline serum periostin and:

* The number of severe asthma exacerbations as defined by ATS/ERS criteria, i.e.
the use of systemic corticosteroids, or an increase from a stable maintenance
dose, for at least 3 days; or hospitalisation or ED visit because of asthma
requiring systemic corticosteroids. This will be treated as a count variable for
analysis.

* The number of hospitalisations or ED visits because of asthma, requiring
systemic corticosteroids.

* The number of courses of systemic corticosteroids taken (either prescribed or
self-administered). This will be treated as a count variable for analysis.

* FEV1, adjusted for baseline. This will be treated as a continuous variable for
analysis.

* Treatment requirements, categorised by GINA treatment steps. This will be

treated as an ordinal variable for analysis.
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* Detailed data description using summary statistics, contingency tables, and
plots will be used for both the explanatory and response variables including,
where appropriate descriptions of change with time. Our experience with
analysis of Periostin, FENO, and serum IgE, are they are typically highly skew
and better analysed on the logarithm transformed scale.

* For illustrative purposes data descriptions based on tertiles will also be
calculated.

* The statistical analysis will be appropriate to the response variable data type.

* For the response variables treated as counts (exacerbations, hospital or ED
admissions, and courses of steroids) this will be by Poisson regression with an
offset for the time observation. It is possible that most of the participants will
have no or only one count of a response variable and in this case it may be
simpler to analyse the associations using logistic regression, using levels of
none versus any.

* For the response variable treated as continuous, FEV1, regression will be used,
including the baseline FEV1 as a covariate.

* For the response variable treated as ordinal, GINA asthma step, proportional
odds (ordinal) regression will be used. If in the event there are mainly two
asthma step levels achieved it may be simpler to analyse associations using
logistic regression with GINA asthma step as a two level response variable.

* Periostin will be used as an explanatory variable in both univariate and
multivariate analyses.

* In the univariate analyses, Periostin or logarithm Periostin, will be used as the
sole explanatory variable

* The other Th2-related variables: eosinophil count, IgE, and FeNO, will also be
used in univariate analyses with each as a sole explanatory variable

* Finally multivariate models will be estimated with all of eosinophil count, IgE,
and FeNO, to explore if Periostin adds important explanatory power to
prediction of poor asthma outcomes.

This is an exploratory analysis with a large number of statistical tests and although 95%
confidence intervals, corresponding to a two-sided type | error rate of 5%, will be used,

results will be interpreted cautiously because of multiple statistical testing and
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uncertainty as to what, for some variables, might constitute a clinically meaningful

association.
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Appendix XVI: Asthma Exacerbation

Questionnaire
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Page 1 of 7

INSTITUTE

OF NEW ZEALAND

Asthma Exacerbation Questionnaire /‘ﬁ MEDICAL RESEARCH
©

Name: |
PEROS NZRHS / PEROD2 ID:
participant PERS/
ID:
Genentech | [ [ [ [ [T ] ]
ID:
Day Month Year Day Month Year
Today’s date: Date of initial periostin
blood test:

A. General Questions
1. Date of Birth Day Month Year
2. Areyou male or female? [ﬁ Iﬁle
3. Your regular GP Name and Practice Name:
4. Have you been diagnosed with any other respiratory conditions other than asthma (e.g

COPD, bronchiectasis etc)? If so, please state:
B. Asthma Health
5. What is your current treatment for your asthma? Note to investigator — medication

that the participant is prescribed AND is currently taking.

Medication name Dose Units | Route Frequency Date started

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015
Version 2.2
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Page 2 of 7
C. Hospital attendances in 2010
6. In 2010, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.

NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date Hospital Name Admitted? Attendance | Attendance | Attendance Steroids? Admitted to
(Y/N) <6h? (Y/N) 6-24h? >24h? (Y/N) ICU? (Y/N)
(Y/N) (Y/N)

D. General Practitioner (GP) Attendances in 2010

If NO, please go straight to Section < E >.

7. Did you see your GP in 2010 due to worsening of your asthma symptoms as an unscheduled visit? Yff Nf
If YES, please provide details:

Date GP Practice Name Steroids given for 3 Hospital attendance as
days or longer? (Y/N) a result of GP visit?
(Y/N)

E. Self-managementin 2010

8. Did you have an asthma attack in 2010 where you took at least 3 days of oral steroids, but did
not obtain medical review? If NO, please go to Section <F >.
If YES, please provide details:

Date Treatment taken (please tick)
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids

PER09 Asthma Exacerbation Questionnaire
Dated: 16th June 2015
Version 2.2
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F. Hospital attendances in 2011

Page 3 of 7

9. In 2011, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.
NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date

Hospital Name Admitted?
(Y/N)

Attendance
<6h? (Y/N)

Attendance
6-24h?

(Y/N)

Attendance
>24h?
(Y/N)

Steroids?
(Y/N)

Admitted to
ICU? (Y/N)

G. General Practioner (GP) Attendances in 2011

10. Did you see your GP in 2011 due to worsening of your asthma symptoms as an unscheduled visit?

If NO, please go straight to Section < H >.
If YES, please provide details:

Date

GP Practice Name

Steroids given for 3
days or longer? (Y/N)

Hospital attendance as
a result of GP visit?

(Y/N)

H. Self-managementin 2011

11. Did you have an asthma attack in 2011 where you took at least 3 days of oral steroids, but did
not obtain medical review? If NO, please go to Section <l >,

If YES, please provide details:

Date

Treatment taken (please tick)

None

At least 3 days of steroids

None
At least 3 days of steroids

None
At least 3 days of steroids

None

At least 3 days of steroids

None

At least 3 days of steroids

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015

Version 2.2

m

mln
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. Hospital attendances in 2012

Page 4 of 7

12. In 2012, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.
NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date Hospital Name Admitted? Attendance | Attendance | Attendance Steroids? Admitted to
(Y/N) <6h? (Y/N) 6-24h? >24h? (Y/N) ICU? (Y/N)
(Y/N) (Y/N)

J.  General Practioner (GP) Attendances in 2012

13. Did you see your GP in 2012 due to worsening of your asthma symptoms as an unscheduled visit?

If NO, please go straight to Section < K >.
If YES, please provide details:

Date

GP Practice Name

Steroids given for 3
days or longer? (Y/N)

Hospital attendance as
a result of GP visit?

(Y/N)

K. Self-managementin 2012

14. Did you have an asthma attack in 2012 where you took at least 3 days of oral steroids, but did

not obtain medical review? If NO, please go to Section <L >.
If YES, please provide details:

Date

Treatment taken (please tick)

None

At least 3 days of steroids

None
At least 3 days of steroids

None
At least 3 days of steroids

None

At least 3 days of steroids

None

At least 3 days of steroids

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015

Version 2.2

ml.

i
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L. Hospital attendances in 2013
15. In 2013, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.

NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date Hospital Name Admitted? Attendance | Attendance | Attendance Steroids? Admitted to
(Y/N) <6h? (Y/N) 6-24h? >24h? (Y/N) ICU? (Y/N)
(Y/N) (Y/N)

M. General Practioner (GP) Attendances in 2013

16. Did you see your GP in 2013 due to worsening of your asthma symptoms as an unscheduled visit?
If NO, please go straight to Section < M >,
If YES, please provide details:

Date GP Practice Name Steroids given for 3 Hospital attendance as
days or longer? (Y/N) a result of GP visit?
(Y/N)

N. Self-managementin 2013

not obtain medical review? If NO, please go to Section <N>.

17. Did you have an asthma attack in 2013 where you took at least 3 days of oral steroids, but did fff ?f
If YES, please provide details:

Date Treatment taken (please tick)
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015
Version 2.2
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0. Hospital attendances in 2014
18. In 2014, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.

NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date Hospital Name Admitted? Attendance | Attendance | Attendance Steroids? Admitted to
(Y/N) <6h? (Y/N) 6-24h? >24h? (Y/N) ICU? (Y/N)
(Y/N) (Y/N)

P. General Practioner (GP) Attendances in 2014

19. Did you see your GP in 2014 due to worsening of your asthma symptoms as an unscheduled visit?
If NO, please go straight to Section <Q >.
If YES, please provide details:

Date GP Practice Name Steroids given for 3 Hospital attendance as
days or longer? (Y/N) a result of GP visit?
(Y/N)

Q. Self-managementin 2014

not obtain medical review? If NO, please go to Section <R>.

20. Did you have an asthma attack in 2014 where you took at least 3 days of oral steroids, but did ff ?f
If YES, please provide details:

Date Treatment taken (please tick)
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015
Version 2.2
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R. Hospital attendances in 2015

21. In 2015, how many times did you visit hospital (including ED visits) for your asthma? Please list all hospitals below.
NB ‘steroids’ may have been given as tablets, injection or via a drip.
No attendances:

Date Hospital Namé—T Admitted? Attendance | Attendance | Attendance Steroids? Admitted to
(Y/N) <6h? (Y/N) 6-24h? >24h? (Y/N) ICU? (Y/N)
(Y/N) (Y/N)

S. General Practioner (GP) Attendances in 2015

22, Did you see your GP in 2015 due to worsening of your asthma symptoms as an unscheduled visit?
If NO, please go straight to Section <T >.

If YES, please provide details:

Date GP Practice Name Steroids given for 3 Hospital attendance as
days or longer? (Y/N) a result of GP visit?
(Y/N)

T. Self-managementin 2015

not obtain medical review? If NO, please go to Declaration.

23. Did you have an asthma attack in 2015 where you took at least 3 days of oral steroids, but did fff ?f
If YES, please provide details:

Date Treatment taken (please tick)
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
None
At least 3 days of steroids
Number of severe exacerbations as reported by participant:

Declaration
Form completed By ...coevveevvcienecinvennnans Participant signature .........cceevevveeinnnn Date:...cevvrernnne,
Investigator Name ......ccccoeieicveceiiinncne Investigator Signature .........cccceenee. Date:......ccoeuenie

PERO9 Asthma Exacerbation Questionnaire
Dated: 16th June 2015
Version 2.2
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publications

From: "Ruth Semprini [CCDHB]" <Ruth.Semprini@ccdhb.org.nz>
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To: Ruth Pais <ruth.a.pais@googlemail.com>

Ruth Semprini
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Dear Ruth,
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The open access articles published in BioMed
Central's journals are made available under the
Creative Commons Attribution (CC-BY) license,
which means they are accessible online without any
restrictions and can be re-used in any way, subject
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The re-use rights enshrined in our license agreement
(http://www.biomedcentral.com/about/policies/
license-agreement) include the right for anyone to
produce printed copies themselves, without formal
permission or payment of permission fees. As a
courtesy, however, anyone wishing to reproduce
large quantities of an open access article (250+)
should inform the copyright holder and we suggest a
contribution in support of open access publication
(see suggested contributions at http://
www.biomedcentral.com/about/policies/reprints-and-
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