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Abstract

Interstitial lung diseases (ILD) encompass a heterogeneous group of immuno-inflammatory
and fibrotic diseases of the lung parenchyma. The most common and severe ILD is idiopathic
pulmonary fibrosis (IPF), a chronic progressive fibrotic lung disease of unknown aetiology
associated with poor prognosis. A substantial proportion of individuals with ILDs other than
IPF also develop progressive fibrosis with clinical, radiological, and genetic similarities,
suggesting a shared final common pathway across progressive fibrotic ILDs irrespective of
aetiology. Study of shared mechanisms of progression has the potential to aid
prognostication, enable a precise approach to therapeutic strategies and allow stratification
into clinical trials. Biomarkers are objectively measured and reproducible characteristics
that enable stratification of disease phenotypes. The aim of this thesis was to examine and
characterise the role of clinical biomarkers in fibrotic lung diseases to enable early

identification of progressive fibrotic phenotypes.

An evidence synthesis of blood biomarkers as prognosticators in IPF highlighted several
biomarkers with prognostic potential and identified priorities for future blood biomarker
research. The first individual participant data (IPD) meta-analysis in IPF of matrix
metalloproteinase-7 demonstrated baseline measurements were independently associated
with disease outcomes. To evaluate the role of physiological variables as prognostic
biomarkers and as surrogate trial endpoints, the largest analysis of interventional trial
placebo arms in IPF was performed using robust IPD methodology. Baseline and three-
month change in physiological variables, particularly FVC were independently associated

with disease outcomes, supporting their role as prognostic biomarkers. The association



between short-term change in FVC and disease outcomes were replicated in individuals
receiving anti-fibrotics using pooled analysis of pirfenidone and nintedanib treatment arms.
Moreover, a difference in FVC change over three-months between treatment and placebo

arms was observed, supporting three-month FVC as a surrogate endpoint in future IPF trials.

An ongoing prospective multi-centre observational cohort study (INJUSTIS) to assess
longitudinal disease behaviour and the role of biomarkers in other fibrotic lung diseases was
established. Interim analysis suggested a significant proportion of individuals with non-IPF
fibrotic ILD had progressive phenotypes that were comparable with disease behaviour in
IPF. Lung function, particularly FVC change over three-months was independently
associated with poorer outcomes. The role of home spirometry in fibrotic ILD was assessed,
and though measurements were accurate and reliable when compared with hospital
spirometry, daily FVC measurements were unable to predict mortality at earlier timepoints.
An exploratory blood biomarker analysis performed in individuals with extremes of IPF
offered further support for the role of CA-125 as a prognostic biomarker and identified
several biomarkers and biological pathways for more focussed assessment in the complete

INJUSTIS cohort.

Taken collectively, the data presented in this thesis strongly support an important role for
biomarkers in fibrotic ILD to identify progressive fibrotic phenotypes and enable
personalised approaches to patient management. Whilst the COVID-19 pandemic was
severely disruptive, the work presented forms the basis for further study of biomarkers in

progressive pulmonary fibrosis.
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Chapter 1 Introduction

1.1 Introduction to thesis

Interstitial lung diseases (ILD) are parenchymal diseases associated with substantial
heterogeneity. In this thesis, | aim to examine and characterise the role of clinical
biomarkers in fibrotic lung disease to enable early identification of progressive fibrotic
phenotypes. This chapter presents an introduction to fibrotic ILD including its epidemiology,
clinical features, pathogenesis, and treatment modalities. The second section of the
introduction summarises our current understanding of biomarkers and examines their

possible role in ILD. The chapter concludes with a thesis hypothesis and more specific aims.

1.2 Introduction to ILD
1.2.1 Classification of ILDs

Interstitial Lung Diseases (ILD) encompass a heterogeneous group of immuno-inflammatory
and fibrotic diseases of the lung parenchyma sharing clinical, radiographic, and
pathophysiological manifestations. Current classifications (Figure 1-1) broadly divide
parenchymal diseases by aetiology into those with known causes such as those related to
connective tissue, environmental exposures, drugs, and systemic disease, and those that are

unknown such as idiopathic interstitial pneumonias (11P).



Interstitial lung disease

Known cause or association: Granulomatous: Other forms, e.g.:
« Connective tissue diseases Idiopathic interstitial « Sarcoidosis * Lymphangioleio-
* Occupational causes PHSUITonias * Hypersensitivity pneumonitis m.yo.matOSIIS
* Drug side-effects * Infections * Histiocytosis X
Major Unclassifiable Rare
]
| | Idiopathic Idiopathic
pleuroparenchymal lymphocytic
| Chronic fibrosing ‘ ‘ Smoking related ‘ ‘ Acute and subacute ‘ fibroelastosis interstitial pneumonia
Idiopathic pulmonary Desquamative Cryptogenic
fibrosis interstitial pneumonia organising pneumonia

Non-specific Acute interstitial

interstitial pneumonia

Respiratory

bronchiolitis-ILD

pneumonia

Figure 1-1 - Classification of interstitial lung diseases. Adapted from ATS/ERS 2013 guidelines

The most common and severe subtype of IIP is idiopathic pulmonary fibrosis (IPF), a chronic
progressive fibrotic lung disease of unknown aetiology with poor prognosis?. Disease
trajectory is variable, ranging from slow progression to rapid loss of lung function and
death3. Whilst IPF is considered the archetypal progressive fibrotic ILD, a proportion of
individuals with other ILDs from known causes also develop progressive fibrotic phenotypes
during their disease*. Examples of conditions characterised by progressive pulmonary
fibrosis include asbestosis®, fibrotic hypersensitivity pneumonitis (HP)®, rheumatoid arthritis
associated ILD (RA-ILD)’, systemic sclerosis-associated ILD (SSc-ILD)?, sarcoidosis® and
unclassifiable ILD (ulLD). Although no uniform criteria currently exist, a progressive fibrotic
phenotype is often associated with similar biological and clinical behaviours as IPF,
suggesting individuals with progressive fibrosis could be “lumped” together regardless of

aetiology, particularly for the purposes of clinical research and treatment.



1.2.2 Epidemiology

IPF is the most prevalent fibrotic ILD affecting approximately three million individuals
worldwide!!*>, Incidence is estimated at 3-9 cases per 100,000 per year in Europe and
Northern America and has steadily risen over time'2 16, The lowest rates globally appear to
be in Asia with a reported incidence of 1.2-4.16 per 100,000 people, and Scandinavia, with
an incidence between 1.3 and 4.3 per 100,000%. IPF affects men disproportionately and
tends to occur in older adults with 85% of new diagnoses in UK made in individuals above
the age of 70 years ! 3. Median survival from diagnosis in individuals not receiving anti-
fibrotic therapy is approximately three to five years'?, with many dying from progressive

respiratory failure.

The epidemiology of progressive fibrotic phenotypes in ILDs other than IPF is less well
known, possibly due to the heterogeneous nature of the aetiology and complexity of
diagnosis3. A survey of 486 physicians worldwide (243 pulmonologists, 203 rheumatologists,
40 internists), coupled with data from US insurance claims, estimated that 18-32% of

individuals diagnosed with ILDs other than IPF develop a progressive fibrotic phenotype?’.

RA-ILD, a well-known complication of rheumatoid arthritis (RA), occurs in approximately 5-
10% of RA sufferers, with an increased risk with prolonged duration of RA!%. Notably RA-ILD
shares risk factors with IPF including male gender, older age, and smoking history’ 1°. Whilst

epidemiological studies are scarce, a large longitudinal population-based study of RA-ILD
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estimated median survival from diagnosis of only 2.6 years’, which is comparable to IPF

survival.

Estimating the incidence of HP is influenced by global variations in disease definitions,
differing diagnostic criteria and geographical variation of inciting antigens. In the UK, the
incidence has been relatively stable over the previous two decades and is estimated at
approximately 0.9 cases per 100,000 person-years?°, It remains unknown what proportion
of individuals with HP develop progressive fibrotic phenotypes. Nonetheless, consistent
with other fibrotic lung diseases, the median survival is poor, particularly when an inciting

antigen cannot be identified and is estimated at approximately five years?™.

Asbestosis shares several risk factors with IPF and other fibrotic ILDs, including age and male
gender?2, The worldwide incidence of asbestosis is generally on the decline due to a
reduction in occupational exposures, although asbestos use remains high in Russia and
Asia?3. In an analysis of the SWORD (Surveillance of Work-related and Occupational
Respiratory Disease) database, the incidence of asbestosis in the UK was estimated at 1.3
per 100,000 per year, increasing with age and peaking between 75-79 years?2. Once
asbestosis is diaghosed, survival may be shortened by 8 years?4, although progression is

reported to be dependent on the amount of retained asbestos fibres in the lung?>.

Unclassifiable ILD (ulLD) contributes to a significant burden of ILD in clinical practice and

represents between 10% and 38% of all ILDs, with variable definitions and heterogeneity in
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diagnostic algorithms across different ILD centres?®2’. Age appears to be a risk factor, with
the prevalence of ulLD relative to other ILDs disproportionately increased in the elderly
population?®. Due to diagnostic heterogeneity, survival is difficult to predict, but has been

estimated as 46-70% at 5 years'®2°,

ILDs where progression of fibrosis seems more indolent relative to other fibrotic ILDs,
include sarcoidosis and SSc-ILD. Whilst most individuals with sarcoidosis enter spontaneous
remission, approximately 20% develop pulmonary fibrosis, but unlike IPF, fibrotic activity
does not seem to progress inexorably once initiated®. Ten-year survival in fibrotic sarcoid is
around 85%, better than other progressive fibrotic ILDs%. ILD is reported to develop in 35-
90% of individuals with systemic-sclerosis®, and accounts for one-third of all disease-related
deaths3. Median survival from a high resolution computer tomography (HRCT) diagnosis of
ILD is 11.2 years®, a prognosis considerably better than other fibrotic ILDs, possibly because

of a higher prevalence of a non-specific interstitial pneumonia (NSIP) pattern3?,

The remainder of this thesis will focus on progressive fibrotic ILDs namely IPF, fibrotic HP,

RA-ILD, asbestosis and ulLD.

1.2.3 Clinical features of ILD

A diagnosis of fibrotic ILD is suspected in adults presenting with unexplained progressive
breathlessness often with chronic dry cough and fine crackles on clinical examination. Rate

of symptom progression can vary between individuals, but may be present for up to five

12



years before a formal diagnosis is reached, with individuals often misdiagnosed with chronic
obstructive pulmonary disease or heart failure in the interim32. Diagnoses are challenging
and are typically made with increased diagnostic confidence following multidisciplinary
team (MDT) discussions involving clinicians, thoracic radiologists and histopathologists33. In
a multicentre evaluation of inter-multidisciplinary team agreement, agreement between
MDTs across seven countries was good for a diagnosis of IPF, but low for HP34, This low
agreement in HP may be explainable, in part, by the absence of consensus diagnostic
criteria. It would therefore not be unreasonable to conclude that significant variations in
therapy for the same underlying disease exist across different centres, highlighting a

limitation of the current ILD classification.

1.2.4 Diagnostic methods

Reduced forced vital capacity (FVC) and diffusing capacity of the lung for carbon monoxide
(DLco) are typical investigation findings. Chest radiographs, which may be normal in up to
10% in early disease®, tend to demonstrate reduced lung volumes with bilateral reticular
infiltrates. HRCT is considered the cornerstone of diagnosis and is described in more detail
below. Once an interstitial process is recognised, a focused and detailed history and
examination to identify associated causes such as connective tissue disease, autoimmune
conditions and diseases related to drug, smoking and occupational exposures are
performed. Further investigations may include, but are not limited to, serological testing,

muscle enzymes, serum precipitins, bronchoalveolar lavage (BAL) fluid and lung biopsy.
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1.2.4.1 Imaging

HRCT is central to confirming a diagnosis of ILD and recognising specific radiological patterns
that may identify underlying causes. The hallmark histological pattern of IPF is usual
interstitial pneumonia (UIP), characterised radiologically by patchy reticular opacities which
are bilateral, subpleural and with basal predominance. Reticular changes are often
associated with traction bronchiectasis and honeycombing (clustered cystic air spaces).
International consensus criteria for the diagnosis of IPF incorporating HRCT features have
been developed with four diagnostic categories?. “UIP pattern” and “probable UIP” are
distinguished by the presence or absence of honeycombing. An “indeterminate UIP” pattern
is assigned for HRCT imaging that demonstrates features of fibrosis but does not meet UIP
or probable UIP criteria and is not explicitly indicative of a specific aetiology. The presence
of extensive ground glass opacification, lung cysts, nodules, consolidation and marked

mosaic attenuation with air trapping suggest an “alternative diagnosis”.

Studies have demonstrated UIP on HRCT has a 90-100% positive predictive value for UIP on
subsequent histology3®-38, although notably inter-observer agreement for a UIP pattern
amongst thoracic radiologists is only moderate3. Whilst guidelines recommend the
consideration of histological confirmation for the diagnosis of IPF in the absence of
honeycombing?, in clinical practice surgical lung biopsy rates are much lower due to
associated risks*. A high proportion of individuals with probable UIP and about half of those
with indeterminate UIP are also likely to have histopathological UIP if biopsied®. Therefore,

a diagnosis of UIP is typically made on HRCT findings alone in the correct clinical context.
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Whilst characteristically associated with IPF, a radiological UIP pattern with or without
honeycombing is commonly shared with other fibrotic ILDs*!. Individuals with HP
demonstrate significant heterogeneity in radiological features which can range from
predominantly inflammatory changes such as ground glass opacification, mosaic
attenuation and centrilobular nodules to fibrosis with reticulation, traction bronchiectasis,
and honeycombing. Distinguishing radiologically between IPF and fibrotic HP can be
particularly challenging, and the “headcheese sign” has been suggested as a more specific
radiological finding®?. Nonetheless, parenchymal fibrosis may be present in approximately

85% of HP sufferers, of which a quarter may follow a UIP distribution*3.

Radiological changes in RA-ILD include reticulation, ground-glass opacities, consolidation,
honeycombing and nodules. All patterns of ILD are known to occur in patients with RA-ILD,
but the most common is a UIP pattern, with a prevalence as high as 75%**, and like IPF,
tends to be highly specific for histopathological UIP*. Four major patterns have been
described, namely UIP, nonspecific interstitial pneumonia (NSIP), obliterative bronchiolitis,

and organising pneumonia“.

Asbestosis is characterised by pleural plagues and often a UIP pattern, which is frequently
indistinguishable from IPF#’. Diagnosis therefore relies on an accurate occupational history,
which can be challenging due to subjectivity and inaccuracies in patient recall. When
significant exposure to asbestos cannot be recognised, other diagnoses including IPF are
made. Thresholds to define clinically significant exposure can often vary between individual

clinicians and respiratory centres, leading to inconsistent diagnostic characterisation. When
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the thorough evaluation of suspected ILD is unable to yield a confident diagnosis, individuals

are diagnosed with ulLD*, with UIP observed in around 75% of individuals®.

1.2.4.2 Biopsy

Consistent with the radiological categorisation of IPF, histopathological guidelines
recommend a similar approach of UIP, probable UIP, indeterminate for UIP and alternative
diagnosis?. A UIP pattern is characterised by honeycombing alone or patchy fibrosis with
architectural distortion in a predominantly subpleural and/or paraseptal distribution in the

presence of fibroblastic foci (proliferating fibroblasts and myofibroblasts).

Histological patterns in other fibrotic ILDs can be diverse, but often mimic a UIP-like pattern

2051 " Inter-observer

with fibrotic changes accompanied by architectural distortion
agreement between pathologists for the diagnosis of CTD-ILD and HP tends to be poor, with
a Cohen’s kappa coefficient of 0.22 and 0.2 respectively34. Poor inter-observer agreement
alongside shared histopathological changes across fibrotic ILDs reiterate the limitations of
the current ILD classification. In an observational study of consecutive IPF participants,
almost half were reclassified as HP over a six year follow up period®?2. In view of this
diagnostic heterogeneity, individuals with similar fibrotic diseases may be provided with

different diagnostic labels, even after surgical lung biopsy, which is likely to influence further

management and the choice of therapy offered.
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1.2.4.3 Progression of disease

Current methods of evaluating disease progression in clinical practice rely on the
development of fibrosis, using a combination of symptoms, pulmonary function tests and
thoracic imaging. An FVC decline > 10% over 12 months is a surrogate for mortality, and is
therefore commonly used to define disease progression, and as an endpoint in IPF clinical
trials®3>>7. The role of lung function is not limited to IPF, having been shown to demonstrate
prognostic value in other fibrotic ILDs*®¢1, Whilst FVC change over 12 months remains a
commonly used prognostic marker, the course of disease for an individual patient remains
impossible to predict at the point of initial presentation'®. The accurate and early prediction
of disease course is essential for ongoing clinical care, including appropriately counselling

patients and enabling personalised approaches to therapy.

1.2.5 Pathogenesis

Despite significant advances, our understanding of fibrotic lung disease pathogenesis
remains incomplete. IPF, formerly considered an inflammatory driven disease with
parenchymal fibrosis a late sequalae, is now considered to be an epithelial driven disease®?.
The current paradigm for the pathogenesis of IPF suggests a complex interplay of a
dysfunctional epithelium and aberrant wound healing leading to chronic fibro-proliferation
following repeated epithelial micro-injury from environmental factors in genetically
susceptible individuals. Whilst individual fibrotic ILDs have disease specific triggers with
characteristic clinical, radiological, and pathological features, it is postulated that

progressive fibrosis promotes a self-sustaining and vicious amplification loop that drives
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progressive tissue remodelling independent of aetiology and external stimulation®. The
remainder of this section will focus on IPF and will attempt to explore commonalities and

distinctions in pathogenesis across progressive fibrotic ILDs.

1.2.5.1 Risk factors

1.2.5.1.1 Environmental

Exposures in IPF are largely unknown, though exposure to metal, wood and silica dusts,

atmospheric pollutants such as ozone (03), nitrogen dioxide (NO2) and particulate matter,
and exposures related to agriculture and livestock have all been associated with the risk of
developing IPF 54-%¢ The relationship between smoking and the development of pulmonary

fibrosis remains uncertain, with studies demonstrating conflicting results®’-7°,

An important differentiating factor between a diagnosis of IPF or an alternate fibrotic ILD is
the identification of an inciting exposure. Repeated exposure to small environmental
particles (< 5um) are understood to provoke an exaggerated immune response in HP>%, with
the most commonly implicated antigens including thermophilic actinobacteria, fungi, avian
antigens, industrial isocyanates and non-tuberculous mycobacteria®® %, Similarly, heavy and
prolonged asbestos exposure is linked to the development of asbestosis*’, with a 25
fibre/ml-years exposure threshold commonly implicated, although this remains contentious
with individual cases reported following much lower lifetime exposures’2. In an
epidemiological study, annual deaths from IPF were related to previous UK asbestos

imports, raising the suspicion that a proportion of IPF deaths were indeed due to
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unrecognised asbestos exposure and emphasising the difficulties in separating IPF and

asbestosis’3.

1.2.5.1.2 Gastro-oesophageal reflux disease

In recent years, interest has grown around the micro-aspiration of gastro-oesophageal

contents in IPF pathogenesis 747>

, culminating in antacid medications receiving a conditional
recommendation in the latest iteration of the international guidelines’®. A meta-analysis of
18 case-control studies, found gastro-oesophageal reflux disease (GORD) was associated
with IPF”7, but following adjustment for smoking history, no association was observed,
suggesting smoking may be a confounder. Furthermore, in a post-hoc analysis of landmark
clinical trials, antacid therapy failed to improve clinical outcomes ’8. Consequently, it has
been postulated that the presence of a hiatus hernia causing both acid and non-acid reflux,

could be a risk factor for developing IPF and subsequent disease progression’®, though

further study is required.

1.2.5.1.3 Microbial agents

Evidence for the role of microbial agents in IPF aetiology is accumulating. A viral aetiology
has been suggested given the presence of viral signatures in the lungs of IPF individuals,
although their precise contribution to the initiation and progression of disease remains
unclear®®, Detected viruses in IPF lungs include Epstein-Barr virus, cytomegalovirus, hepatitis
C and herpes simplex virus®'. Adjunctive antiviral therapy has demonstrated potential

benefit in attenuating disease progression, though data are limited®2.
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A higher bacterial burden has been reported in the lower airways of IPF and is associated
with poor disease outcomes, 82 84 though the EME-TIPAC study exploring the efficacy of co-
trimoxazole in reducing mortality and/or hospitalisation found no benefit®. Notably, the
microbial composition in HP does not predict survival and is distinct from IPF, suggesting

microbial alterations may be disease specific®®.

1.2.5.1.4 COVID-19

Severe acute respiratory syndrome causing coronavirus-2 (SARS-CoV-2) was first identified
in Wuhan, China and was soon declared a global pandemic by the World Health
Organisation (WHO)?. The clinical presentations associated with COVID-19 are vast, ranging
from asymptomatic disease to severe acute respiratory distress syndrome (ARDS), multi-
organ failure and death. Longitudinal data obtained from survivors suggests a substantial
proportion have ongoing breathlessness associated with long term impairment of lung
function and CT evidence of pulmonary fibrosis, months after the initial illness®. Similar
fibrotic abnormalities have been noted after previous coronavirus outbreaks including
severe acute respiratory syndrome causing coronavirus (SARS-CoV) and Middle Eastern
Respiratory Syndrome (MERS)® . It currently remains unknown whether post-COVID lung
abnormalities will be time-dependent and reversible, or whether they will develop into a
persistent or even progressive fibrotic phenotype. Further research to understand the
trajectory of disease, risk factors for progression and potential therapeutic options is

underway, with results eagerly awaited*.
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1.2.5.1.5 Genetics

An increasing body of evidence has identified genetic variants associated with both familial
and sporadic pulmonary fibrosis®?. Genetic variants can be divided into those that are rare
(MAF <1%) but highly penetrant with a large effect size®3, and those that are common
(mean allele frequency [MAF] >5%) but have a smaller effect size. Phenotypic and genomic
markers commonly overlap, with different ILD manifestations observed in individuals with
identical mutations, reiterating the need for better understanding of underlying

pathobiological pathways®*.

The occurrence of ILD in two or more first-degree relatives constitutes the syndrome of
familial pulmonary fibrosis (FPF)°*. Studies of individuals with FPF have identified several
rare genetic variants, implicating maintenance of telomere length and surfactant
dysfunction® %, Telomeres are the caps of chromosomes, progressively shortening with
each successive cell division, before ultimately activating cell death®’. Genetic mutations in
six telomere-related genes, telomerase reverse transcriptase (TERT), telomerase RNA
component (TERC), regulator of telomere elongation helicase 1 (RTEL1), poly(A) specific
ribonuclease (PARN), dyskerin (DKC1), TRF-1 interacting protein 2 (TINF2), all of which lead
to shortened telomere lengths, are enriched in familial and sporadic IPF?®. TERT mutations
are the most frequently identified rare variants associated with pulmonary fibrosis, being
present in approximately 15% of FPF, and 1-3% of sporadic cases®®’, and are associated
with reduced survival and greater FVC decline® 1%, Shortened telomeres that are associated
with accelerated progression have been demonstrated in other fibrotic ILDs, suggesting

telomere biology is a key contributor to the pathogenesis of fibrotic ILD, regardless of
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aetiology®®. In individuals with HP, a substantial proportion have rare, protein-altering
variants in telomere related genes which are associated with reduced survival'°L. Similarly,
short telomeres in HP are associated with the extent of radiological fibrosis, histological
pattern, and reduced survival'??, Similarly, in RA-ILD, a whole exome sequence (WES)
revealed an excess of mutations in telomere-maintenance genes such as TERT, RTELI1 and

PARN, with shortened telomere lengths compared with controls®,

Other rare genetic variants found less frequently but carrying large effect include genes
encoding surfactant protein C (SFTPC) and surfactant protein A2 (SFTPA2)%4195 Suyrfactant
gene mutations are understood to increase endoplasmic reticulum (ER) stress and activate
the unfolded protein response (UPR), predisposing to subsequent lung fibrosis®. Although
studies have provided evidence for the role of surfactant protein mutations in familial

fibrosis, the frequency of mutations in sporadic cases is only 1% 107,

Common genetic variants that increase susceptibility to IPF and other fibrotic ILDs have
been identified in genome wide association studies (GWAS)1%-113 A common gain-of-
function single nucleotide polymorphism (SNP) in the mucin 5B (MUC5B) promoter region
(rs35705950), is considered the strongest risk factor accounting for one-third of the risk of
developing IPF!*4, Unlike other common variants, the MUC5B variant has a strong disease
effect, with each minor allele copy conferring a five-fold increased disease risk'!> 16,
Importantly, the MUCSB variant is observed in up to one-fifth of unaffected individuals,
suggesting other genetic variants alone or in combination contribute to the development of

disease!®, Notably, the minor allele for MUC5B has been found in other fibrotic ILDs
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suggesting shared genetic risk factors. In two independent cohorts with HP, the MUC5B
minor allele was present in increased frequency (24.3% and 32.3%) compared with healthy
controls (10.7%) 192, and its presence was associated with increased radiological fibrosis, and
a trend towards poorer survival. In a further study, the presence of the MUC5B minor allele
predisposed to asbestosis, but was not associated with survival'’. A study of participants
with RA-ILD found the MUC5B minor allele was around five-times more likely compared
with controls, with no association between the minor allele and a diagnosis of RA alone!8, A
particularly strong association between the MUC5B minor allele and radiological UIP was
observed, suggesting it may be a risk factor for the development of UIP, a pattern shared by
progressive fibrotic ILDs such as IPF, asbestosis, RA-ILD and HP, rather than IPF alone. This
notion is further supported by the lack of a known association between the MUC5B minor

allele and sarcoidosis''%, or SSc-ILD*??, the latter typically characterised by NSIP*2%,

Other genetic variants implicating various pathways including host defence, cellular barrier
function and mTOR signalling, have been identified as risk factors for IPF. Genetic variants
include DSP (desmoplakin), AKAP13 (A-kinase anchoring protein 13), TOLLIP (toll-interacting
protein), SPPL2C (signal peptide peptidase-like 2C), FAM13A (family with sequence
similarity, member A), ATP11A (ATPase, class VI, type IIA, DPP9 (dipeptidyl-peptidase 9),
KANSL1 (KATS8 regulatory NSL complex, subunit 1) and recently identified signals near

MAD1L1, DEPTOR and KIF15108 110112113
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1.2.5.2 Cells and mediators
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1.2.5.2.1 Epithelium

In normal lung, following epithelial injury and damage to type 1 alveolar epithelial cells
(AEC1), type 2 alveolar epithelial cells (AEC2) proliferate and restore alveolar integrity
through several mechanisms (Figure 1-2). Increasing genetic, proteomic, and histological
evidence suggests a dysfunctional, genetically susceptible, and fragile alveolar epithelium
with reduced ability to respond to repetitive local micro-injuries, the origin of which remains
elusive, is crucial to the pathogenesis of fibrosis!?2123, Several genetic variants implicated in
IPF, are either expressed in the alveolar epithelium (MUC5B, DSP, AKAP13) 12, or lead to
molecular changes in epithelial cells (TERT, TERC, PARN). Moreover, blood proteins
(surfactant protein-D, matrix metalloproteinase-7, cancer antigen 125) associated with
epithelial cell dysfunction are elevated in individuals with IPF and appear to correlate with
disease progression'?4, Histologically, epithelial damage is believed to lead airway basal cells
to undergo a process known as bronchiolisation of alveolar spaces, resulting in aberrant

proliferation and distortion in the architecture of alveolar spaces!?.

A dysfunctional epithelium promotes fibrosis through several mechanisms. An imbalance
between cellular demand for protein synthesis, and endoplasmic reticulum (ER) capacity to
synthesise and process the protein leads to ER stress, and activation of the unfolded protein
response (UPR)'26, The UPR has several consequences including inhibiting protein
translation, targeting proteins for degradation, and activating numerous intracellular
apoptotic pathways designed to restore normality in ER work!?’. Alongside cell apoptosis, ER
stress and activation of the UPR has profibrotic effects, including enhancing the activation of

myofibroblasts and promoting the release of profibrotic cytokines.
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Dysfunctional epithelial cells further contribute to fibrogenesis by secreting transforming
growth factor-beta 1 (TGF-B1), the most potent pro-fibrotic mediator in IPF2>, TGF-B1 is
synthesised as a small latent complex requiring activation before it’s biological effects can
be exerted 128129 The best characterised mechanism of activation is by avp6 integrin, which
is increased considerably in injured epithelia, again underlining the importance of the
epithelium in fibrogenesis!?2. Once activated, TGF-1 promotes epithelial cell apoptosis,
epithelial to mesenchymal transition (EMT), collagen synthesis, differentiation of fibroblasts
to myofibroblasts, and production of other profibrotic and angiogenic mediators. TGF-1
also induces the expression, secretion and activation of matrix metallo-proteinases which

are proteins implicated in IPF1?2,

EMT is the molecular process, induced by ER stress and enhanced by specific growth factors,
whereby epithelial cells are reprogrammed into mesenchymal cells. EMT occurs in
development, carcinogenesis and may play a role in fibrogenesis in response to sustained

inflammation and injury**°

. Mesenchymal cells contribute to wound repair and tissue
remodelling acting as the major effector cells of pulmonary fibrosis and are discussed in

later sections.

With the role of epithelial cell dysfunction well established in IPF, similar epithelial
abnormalities following initial insult are likely to be central to the progression of other
fibrotic ILDs. EMT has been described in HP*31, and elevated levels of TGF-B1 have been
noted in other fibrotic lung diseases such as progressive RA-ILD, HP and asbestosis!32 133,

Moreover, ER stress, a precursor to the fibrotic response in IPF, is understood to play an
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important pathogenic role in non-pulmonary fibrotic conditions such as chronic kidney
disease, hepatic fibrosis and inflammatory bowel disease, suggesting shared fibrotic

pathways across organ-specific diseases34.

1.2.5.2.2 Mesenchyme

Mesenchymal cells, principally fibroblasts and myofibroblasts are the major effector cells of
pulmonary fibrosis, synthesising much of the matrix. Under normal circumstances
mesenchymal cells make up a minority of pulmonary cells but are important for the
development and repair of the lung. However, in pathological fibrosis the mesenchymal cell
population expands considerably and myofibroblasts synthesise vast quantities of
disorganised and dense extracellular matrix, including type 1 collagen®3* 136, Mechanical
characteristics of ECM are possibly the most important regulators of myofibroblast activity,

with stiffer matrix enhancing activity in a positive feedback loop*®’.

The origins of myofibroblasts are likely to be important and may be potentially targetable.
Although the precise origin of lung myofibroblast cells remains controversial, four possible
sources have been proposed. The most established explanation for the increase in
myofibroblasts is the differentiation and expansion of interstitial fibroblasts. Activated
fibroblasts help remodel and re-establish the extracellular matrix (ECM) and following
persistent exposure to TGF-1 and other profibrotic mediators, transdifferentiate into
aSMA-expressing myofibroblasts!38. The second potential origin of myofibroblasts is from

the migration and trans-differentiation of fibrocytes. Fibrocytes are bone-marrow derived
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cells that respond to TGF-B1 and though contentious, may contribute to lung fibrosis by
secreting profibrotic cytokines, and producing type 1 and Il collagens 32, Thirdly, emerging
evidence has shown myofibroblasts may originate from the migration, trans-differentiation
and expansion of microvascular mesenchymal cells known as pericytes, although further

study is needed??. The final source of myofibroblasts is from EMT as previously highlighted.

1.2.5.2.3 Inflammation and immunity

Despite the pathogenic paradigm of fibrosis shifting from a predominantly inflammatory
disease to an epithelial-driven disease, it is likely innate and adaptive immune processes
actuate existing fibrotic responses. Following epithelial injury, macrophages attempt wound
repair by secreting pro-inflammatory cytokines such as TNFaq, IL-1 and IL-6. Pro-
inflammatory M1 macrophages later convert into M2 macrophages that secrete PDGF and

pro-fibrotic growth factors and contribute to the formation of extracellular matrix4*.

Persistent injury leads to the recruitment of neutrophils in response to IL-8, the
predominant neutrophilic chemoattractant cytokine. Neutrophils are innate immune cells
acting as key players in the acute phase of inflammation producing reactive oxygen species
(ROS), further worsening epithelial damage, with resultant epithelial cell apoptosis?.
Neutrophils may contribute to fibrosis via regulation of ECM turnover by the release of
neutrophil elastase (NE), which has both pro-fibrotic and anti-fibrotic properties. NE,
elevated in IPF lungs, breaks down collagen-1V and elastin, alleviating fibrosis, but also

activates TGF-B1 and promotes fibroblast proliferation and myofibroblast differentiation,
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thus enhancing fibrosis'#!. Mice deficient in neutrophil elastase seem to be protected from

bleomycin and asbestos induced lung fibrosis suggesting shared mechanisms of disease!4?.

Increased neutrophils seem to correlate with severity of fibrosis in both HP and asbestosis'#?
144 Free radicals are also implicated in the mechanism of asbestosis, with asbestos fibres

inducing epithelial cell injury and apoptosis!*°.

In the past decade, the adaptive immune system, particularly Th-2 and Th-17 T-cells have
been shown to be integral to fibrogenesis!*®. Th-2 T cell derived cytokines such as IL-4, IL-5,
IL-13 and TGF-B1, promote macrophage recruitment and myofibroblast activation and
proliferation!4’. Similarly, Th-17 cells produce cytokines such as IL-17 and IL-22, which are
understood to induce the proliferation of fibroblasts and secretion of collagen, via a TGF-B1-
dependent mechanism?*. Immunopathological mechanisms are thought to be central in
fibrotic ILDs such as HP. Whilst the acute form is mediated by immune complexes and Th-1
activity, growing evidence suggests individuals with HP demonstrate increased CD4+ T cells
with skewed Th-2 T cell differentiation and cytokine release regulating the fibrotic
response!® 150 |nterestingly, cigarette smoke is thought to be protective in the
development of HP, with nicotine acting on lymphocytes to decrease the reactivity of the
Th-1 and Th-17 lineages®'. However, nicotine increases Th-2 activity and may explain why
smokers who develop HP often follow a chronic proliferative course!>?. There may be a role
for Th-2 T cells in RA-ILD pathogenesis'>3, with limited evidence for elevated CD4+ T cells in

lung tissue®™*,
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1.2.6 Acute exacerbation

Acute exacerbations (AE) of fibrotic ILD are characterised by significant respiratory
deterioration alongside evidence of new onset widespread alveolar abnormalities,'>> with
histological evidence of diffuse alveolar damage (DAD). Retrospective data suggest AEs are
unpredictable, although more frequent in older, non-smoking individuals with more
advanced disease. Risk factors are poorly defined, with a need for biomarkers to identify
those particularly at-risk. AEs of IPF are associated with a high in-hospital mortality and a
median survival of 3-4 months®°®. Like IPF, post-exacerbation mortality rates in other fibrotic
ILDs are reported to range from 33-83%, with in-hospital mortality rates of 50-100% in CTD-
ILDs and 75-100% in HP*>7 158 |n a recent retrospective observational study, the frequency
of exacerbations was lower in individuals with non-IPF group compared with IPF, but short-
term survival (90 days) was comparable®°. Comparable outcomes suggest mutual
pathological processes may be responsible for AEs across fibrotic ILDs, and further
investigation is required. Evidence for the management of AEs is limited, with supportive
care and corticosteroids recommended based on anecdotal evidence®® 10, Studies
evaluating antifibrotics in preventing exacerbations have shown contrasting results in both

IPE and non-IPE ILD 161 162 163 164

1.2.7 Treatment of Fibrotic ILDs

1.2.7.1 Immune suppression

Corticosteroids are widely instituted as first line therapy for symptomatic fibrotic ILD,

despite the lack of evidence to authenticate their use!®®. Importantly, immunosuppressants
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were frequently used to treat IPF, until the pivotal PANTHER study, which demonstrated
prednisolone and azathioprine were associated with increased mortality and
hospitalisation'®®. Participants were administered relatively high doses of prednisolone
(0.5mg/kg/day) and the findings of this trial should not be interpreted to support an
absence of inflammation in IPF (as discussed in section 1.2.5.2.3). Imnmunomodulatory
agents are commonly trialled in the management of fibrotic ILDs, based on extrapolation
from the Fibrosing Alveolitis in Scleroderma Trial (FAST) and Scleroderma Lung Studies
(SLS)*67-189 |n SLS I, one year of oral cyclophosphamide in SSc-ILD resulted in a modest but
significant mean FVC difference of 2.53% compared with placebo, with parallel
improvements in dyspnoea and quality of life (QoL) scores®®. Mycophenolate (MMF) was
better tolerated in comparison with cyclophosphamide in SLS II, with similar improvements
in lung function and dyspnoea'®®. The use of MMF in the SENSCIS study was associated with
a slower decline in FVC at 52 weeks in both placebo and nintedanib arms'’°, No randomised
trials of MMF have been performed in other fibrotic ILDs, but small retrospective studies
have supported an association with lung function improvement!’* 172, Other
immunomodulatory agents typically used in the management of ILD in the absence of trial
evidence, include azathioprine, methotrexate, and rituximab. In view of the current
therapeutic uncertainties and poor prognosis of fibrotic ILDs, there is an urgent need for

evidence based and well-tolerated therapies!’.

1.2.7.2 Antifibrotics

Treatment advances have been made recently, with the approval of anti-fibrotic therapy in

the UK for an MDT confirmed diagnosis of IPF and predicted FVC of 50-80%74. Whilst
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antifibrotics are prescribed with the aim to decelerate disease progression, pooled analyses
of clinical trials suggest there may be additional mortality and QoL benefits!62 17>,
Pirfenidone was approved in 2011 for the treatment of IPF following the CAPACITY and
ASCEND studies®3’¢, where pirfenidone reduced FVC decline compared with placebo. The
precise mechanism of action remains unknown, but pirfenidone has been shown to have
anti-inflammatory, antioxidative and antiproliferative properties’’. Nintedanib was
approved in Europe in 2015 following the outcome of three clinical studies, TOMORROW,
INPULSIS-1, and INPULSIS-2°4178, all showing nintedanib significantly reduced the rate of FVC
decline compared with placebo. Nintedanib, a potent, oral intracellular tyrosine kinase
inhibitor acts on platelet derived growth factor receptors, fibroblast growth factor receptors
and vascular endothelial growth factor receptors as well as non-receptor members of the
Src family; critical signalling pathways involved in the proliferation, migration, and

differentiation of lung fibroblasts and myofibroblasts!”.

Mechanistic similarities between IPF and other progressive fibrotic ILDs suggest that the
currently available antifibrotics may be viable therapeutic options across fibrotic ILDs, with
several recent clinical trials supporting this hypothesis >7 164170180 The |andmark INBUILD
study explored the efficacy of nintedanib in a heterogeneous group of progressive fibrotic
lung diseases and found nintedanib slowed FVC decline at 52 weeks compared with placebo
(-80.8ml vs. -187.8ml; difference 107ml; 95% ClI 65.4-148.5)%%* Notably, the mean FVC
decline in the placebo arm was comparable to that reported in IPF placebo arms. The
SENSCIS trial which led to the U.S Food and Drug Administration (FDA) approval of

nintedanib in SSc-ILD, evaluated the safety and efficacy of nintedanib in participants with
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SSc-ILD 170181 Although the effect was modest, nintedanib slowed the rate of FVC decline
compared with placebo, (-52.4ml per year in nintedanib group vs. -93.3ml per year in
placebo; difference, 41.0 ml per year, 95% Cl, 2.9-79.0). Interestingly, the magnitude of the
effect of nintedanib on lung function was amplified in those concomitantly taking
mycophenolate, suggesting combining antifibrotics with existing therapies to complement
therapeutic effects may be worth exploring further. A further study evaluated pirfenidone in
progressive fibrotic ulLD and demonstrated reduced FVC decline at 24 weeks compared
with placebo, but no meaningful impact was noted on hospital admissions, exacerbations,

mortality and QoL measures®’.

In each of these studies, study participants were enriched for progressors based on lung
function decline, radiological deterioration, and worsening symptoms over the preceding 6-
24 months. Since both pirfenidone and nintedanib are unable to reverse existing fibrosis, it
will be of crucial importance to identify individuals with a progressive phenotype earlier in
their disease course before they develop irreversible fibrosis. This will enable prompt
intervention with anti-fibrotic therapy, and stratification into clinical trials. Conversely, there
are likely to be several individuals with fibrotic ILD who have an indolent disease course,
where a watch-and-wait approach is likely to be of greater benefit than intervention with
drugs that have several interactions and side effects. Current methods for separating stable
vs. progressive disease are unsatisfactory and rely on the development of irreversible
fibrosis. Earlier and more precise objective measures that predict disease behaviour and
response to therapy are an urgent priority, to enable personalised approaches to managing

fibrotic ILD.
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1.3 Introduction to Biomarkers

1.3.1 What are biomarkers?

Biomarkers are defined as characteristics that are reproducible, accurate, objectively
measured and evaluated as indicators of normal biologic processes, pathogenic processes,
or pharmacological responses to a therapeutic intervention'®2, Whilst the term ‘biomarkers’
has traditionally been reserved for measurable proteins in body fluids or tissues, biomarkers
are surrogate markers for any clinically meaningful variable. There has been some progress
in the development of biomarkers in IPF12418 but there remains a significant gap in our

understanding of biomarkers in other fibrotic ILDs.

Biomarkers can be broadly categorised into two major types: biomarkers of exposure which
are used in risk prediction, and biomarkers of disease, which are used in the diagnosis and
monitoring of disease progression'®*. Biomarkers of exposure tend to measure
characteristics assumed to modify the risk of developing disease. The principal benefit of a
biomarker of exposure over a history of exposure is the ability to the estimate the actual

I”

“internal” dose of the exposure, improving the precision of measurement. Genetic variants
are examples of exposure biomarkers which may be related to disease susceptibility, with
most diseases typically a composite of genetic and environmental factors. Genetic
biomarkers exist prior to the development of disease, and independently to other

exposures, and can therefore be particularly useful biomarkers, particularly when combined

with other associations to improve precision.
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Biomarkers of disease enable earlier diagnosis or identification of the outcome of interest to
be determined at a more primitive stage of disease. In the context of fibrotic ILD, disease
biomarkers have the potential to increase diagnostic confidence (diagnostic), and thereafter
measure disease severity and predict disease progression (prognostic) and monitor
response to therapy (theranostic). Determining an individual’s disease trajectory, likely
response to therapy and long-term prognosis can be particularly challenging in ILD. With the
approval of pirfenidone and nintedanib, patients and their clinicians now have a choice of
drugs. Biomarkers to predict disease progression and responsiveness to individual therapies
will contribute to personalised medicine by facilitating decisions regarding treatment
initiation and discontinuation, thus ensuring patients receive the right treatment at the right
time. Moreover, biomarkers have the potential to reclassify ILDs according to distinct
molecular pathways (endotypes), enabling the identification of novel therapeutics targeting
specific mechanisms of disease rather than clinical phenotypes of disease!®®. Importantly,
biomarkers may be utilised in clinical trials to reduce disease heterogeneity and improve

endpoint precision, leading to more streamlined studies.

1.3.2 Current biomarkers in ILD

1.3.2.1 Imaging

Radiological risk factors that predict poorer outcomes in fibrotic ILDs have been identified.

The presence of increased reticulation and traction bronchiectasis in HP may help stratify

those with a progressive phenotype, having been shown in numerous studies to be

important determinants of survival in HP 8 187 Salisbury et al phenotyped participants with
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HP into three groups based on radiological appearances: no fibrosis, non-honeycomb
fibrosis, and honeycomb fibrosis. Those without fibrosis had a reasonable median survival
(14.73 years) compared with individuals with evidence of fibrosis (7.95 years). The presence
of honeycombing was associated with a median survival (2.76 years) equivalent to that of a
matched IPF cohort (2.81 years) '®’. In a further study, distinct HRCT patterns, particularly

extensive traction bronchiectasis were shown to confer a 5-year survival of just 30% 188189,

The prevalence of radiological UIP in RA-ILD may be as high as 75% %4, and consistent with
IPF, tends to be highly specific for histopathological UIP%. Studies exploring the prognostic
outcomes of RA-UIP have demonstrated contrasting results, with several studies showing
UIP to predict poor prognosis in RA-ILD** 190191 'whilst others have not®®. In a landmark
study, the presence of UIP in RA-ILD was associated with a median survival of 3.2 years (vs.
6.6 years in non-UIP) which was similar to survival in the IPF cohort!92, When examined
more specifically, the extent of traction bronchiectasis and honeycombing were
independent radiological predictors of worse survival. Participants with RA-UIP also had a
longer duration of rheumatoid arthritis (RA), suggesting non-UIP may progress to UIP over
time. It remains unclear whether RA-UIP and non-UIP are separate disease entities or reflect

disease progression.

An observational study in fibrotic ILDs found honeycombing was present in 42%, 41.9%,
37.6% and 28.6% of participants with HP, CTD-ILD, IPF and ulLD, respectively!®3. Importantly,
the mean survival was shorter among those with honeycombing, with mortality rates in HP

and ulLD similar to IPF, suggesting the presence of honeycombing was representative of a
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progressive fibrotic phenotype. In the IPF cohort, no mortality association was observed
with honeycombing, possibly because IPF represents a typically progressive fibrotic

condition.

Together these radiological parallels suggest a common pathobiological mechanism linked
to traction bronchiectasis, honeycombing and a UIP pattern may exist across diverse ILD
subtypes and identify a progressive fibrotic phenotype correlated with poor survival. Thus,
the morphological pattern may be a more useful prognostic determinant than ILD subtypes.
Early studies evaluating the use of computer-based quantitative analyses software
(CALIPER) have shown promise in predicting disease progression and survival'®4. Whilst
imaging is the cornerstone for diagnosis, differentiation, and prognostication of fibrotic ILDs,
deeper insights into progressive disease will arise from combining with other investigations

such as lung physiology, blood biomarkers and genetics.

1.3.2.2 Genetics

Genetic variants known to be involved in IPF such as telomere-related variants and the
MUCS5B minor allele, and their association with poorer survival in fibrotic ILD have been
discussed. Whilst the identification of genetic polymorphisms hold promise in ILD, genetic
testing is yet to be adopted in the clinical environment. An understanding of the interaction
between genetic risk variants and environmental exposures to influence disease

pathogenesis is needed.
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From a management perspective, it is possible genetic subgroups respond differently to
distinct therapies. In a post-hoc genotype-stratified survival analysis of participants from the
PANTHER study'®®, the use of N-acetylcysteine was found to be beneficial in those with a TT
genotype for rs3750920 (TOLLIP), but harmful in those with a CC genotype, suggesting
differential responses to therapy based on TOLLIP genotype®®>. Further analysis indicated
immunosuppressants were particularly harmful in those with telomere lengths below an
age-adjusted 10™ percentile!®®. If the pharmacogenetic interaction between telomere
length and immunosuppressants is independent of IPF, then it is possible that individuals
with other fibrotic ILDs and short telomere lengths may also be harmed by these therapies.
Further genotype stratified clinical trials and longitudinal studies in carefully phenotyped
individuals at high risk of progressive fibrosis are necessary. Insights from such studies have
the potential to enable pathway-specific targeted therapies and contribute to precision

medicine in ILD.

1.3.2.3 Pulmonary Function Tests

Physiological biomarkers such as forced vital capacity (FVC) or diffusing capacity of the lung
for carbon monoxide (DLco) remain the backbone of the evaluation of ILD patients, having
been used to assess disease severity and predict survival*®*’1°. The FVC, a measure of the
maximal amount of air exhaled after deep inspiration, is typically reduced in ILD, a condition
characterised by a restrictive ventilatory defect. Longitudinal change in serial FVC measures
is accepted to reflect disease progression in IPF>>, with an FVC decline > 10% over 12

months considered a surrogate for mortality, and a commonly used endpoint in IPF clinical
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trials®3 >4, Identifying optimal FVC thresholds at earlier timepoints has the potential to
transform clinical care and early phase clinical trials by acting as surrogate endpoints. The
DLco measures the ability of the lungs to transfer gas from inhaled air to pulmonary
capillaries and is typically measured by a single-breath test involving gases such as helium or
methane. The role of lung function is not limited to IPF, having been shown to demonstrate

prognostic value in other fibrotic ILDs>®®1,

However, physiological biomarkers have multiple limitations. Lung function indices are
confounded by inter-laboratory variability, participant cooperation and co-existing
obstructive lung disease which may comparatively preserve lung volumes and thus

underestimate disease progression?%

. Moreover, although reduced lung volumes are
associated with increased mortality, the FVC poorly correlates with breathlessness or quality
of life scores?°L. Similarly, the presence of pulmonary hypertension, a common sequalae of
ILD, may confound DLco measurements, resulting in the overestimation of disease
progression. Additionally, the absence of a standardised staging threshold hampers
usefulness in predicting prognosis. Whilst serial changes in lung physiology may improve

61197

predictive power , in a condition with a poor survival, earlier predictors are crucial.

1.3.2.4 Home Spirometry

The remote monitoring of physiological variables has become essential in many chronic

conditions following the advancement of technology and falling costs of devices?%? 203,
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Potential advantages, other than empowering patients with accepting responsibility for
their own health, include earlier detection of abnormalities, predicting prognosis, and
monitoring response to therapeutics. Management decisions in ILD are made based on
routine hospital spirometry typically performed at 3-6 monthly intervals, alongside
symptoms and other clinical investigations. Home spirometry offers the opportunity for
more frequent lung function measurement, thus minimising measurement variation whilst

also enabling longitudinal modelling and offering greater insight into disease behaviour.

Studies evaluating the use of home spirometry in IPF, have found changes in FVC as early as
three months can accurately predict disease progression and survival*®. Home spirometry
values seem to correlate with hospital-based spirometry, with good participant adherence
rates, and have the potential to act as biomarkers by providing an earlier and more accurate
determination of disease behaviour??*2%>, Whilst the role of home spirometry in fibrotic ILDs
other than IPF has not been elucidated, it may be similarly beneficial, in view of the

comparable natural history.

Home spirometry may have an important role in clinical trials, which are currently limited by
the increasing numbers of participants required to be adequately powered and the absence
of an early endpoint, with FVC change at 12 months typically the primary endpoint. The
potential for increased sensitivity of home spirometry suggests home FVC could be used as
an efficacy endpoint in future clinical trials at earlier time points with reduced sample size
requirements, thus streamlining future clinical trials and accelerating output of

therapeutics.
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1.3.2.5 Six-minute walk distance

The six-minute walk test (6MWT) is an inexpensive and practical measure of functional
status in respiratory disease that can be performed without the need for advanced training
or specialised equipment. Both the total distance walked, and episodes of desaturation have
been independently associated with survival in IPF2%297 |n a large well-defined population
of participants with IPF, a baseline distance < 250m and a 24 week decline in walk-distance
> 50m were associated with increased mortality?°®. An important limitation of the 6MWT is
the inability of the test to provide insight into the mechanisms of exercise limitation,
particularly as patients frequently suffer with multiple comorbidities, such as peripheral
arterial disease, musculoskeletal problems, frailty, and cognitive dysfunction, that may
influence the outcome?® 210, |t is therefore evident that more precise biomarkers reflecting

distinct molecular phenotypes predictive of disease trajectory are desperately required.

1.3.2.6 Blood biomarkers

Several blood derived biomarkers have been explored in IPF, often in retrospective studies
with relatively small sample sizes and without replication of findings in validation cohorts or
separate prospective studies. Furthermore, studies have been limited by inconsistent
biomarker assays, analyses using data-dependent biomarker thresholds and an array of
outcomes limiting the generalisability of findings. Blood derived biomarkers have several
advantages in characterising pulmonary fibrosis and can be categorised in IPF according to
likely pathogenic pathways, broadly including biomarkers associated with alveolar epithelial

cell dysfunction, biomarkers associated with ECM remodelling and fibroproliferation, and

41



biomarkers associated with immune dysregulation (Figure 1-3). It is also plausible that
combinations of blood biomarkers will add granularity to our understanding of the
pathogenesis and prognosis of IPF, and further studies evaluating their utility are needed.
The following section summarises the most frequently studied blood biomarkers in IPF, with

a detailed review of prognostic blood biomarkers presented later in the thesis.

Infection (viral), microaspiration, inhalational (tobacco)
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Figure 1-3 - Core mechanisms and candidate molecular biomarkers for IPF.

(Taken from Ley B, Brown KK, Collard HR. Molecular biomarkers in idiopathic pulmonary fibrosis. Am J Physiol Lung Cell Mol
Physiol 2014; 307(9):681-91

1.3.2.6.1 Alveolar epithelial cell dysfunction

Biomarkers associated with epithelial cell dysfunction include Krebs von den Lungen-6 (KL-

6), surfactant protein-A and -D, matrix metalloproteinases-7 (MMP-7), cancer antigen 125
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(CA-125) and carbohydrate antigen 19-9 (CA19-9). KL-6, a mucin-like glycoprotein expressed
in regenerating AEC2’s is released in epithelial injury, promoting the migration and
proliferation of fibroblasts?!!. Surfactant proteins (SP) synthesised and secreted by AEC2s,
facilitate transport and function of surfactant lipids, therefore reducing alveolar surface
tension and preventing lung collapse. Abnormal surfactant proteins increase ER stress,
triggering the apoptosis of AEC2s and initiating fibrosis?1-213, SP-D levels differ between
healthy controls and asymptomatic first-degree relatives of sufferers with familial interstitial
pneumonia, suggesting those at-risk develop abnormalities in these proteins before the

214

onset of symptomatic disease“**. MMPs are zinc-containing endopeptidases that degrade

multiple components of ECM and are described in further detail later?!>,

1.3.2.6.2 ECM remodelling and fibroproliferation

Biomarkers associated with ECM remodelling and fibroproliferation include ECM
neoepitopes, lysyl oxidase like 2(LOXL2), periostin and osteopontin. Matrix degradation
fragments, known as neoepitopes are generated by MMP activity and released into the
circulation?!®, LOXL proteins play a key role in ECM remodelling and fibrogenesis by
promoting collagen cross-linking and are crucial for fibroblast to myofibroblast
transdifferentiation?!’” 218, Periostin is an ECM protein that promotes ECM deposition,

213 and is produced by bronchial

mesenchymal cell proliferation and parenchymal fibrosis
epithelial cells in response to IL-1321°, Osteopontin, a pro-inflammatory and profibrotic
cytokine involved in tissue repair, induces upregulation of MMP-7 expression?%°, and has

been shown to be increased in 1IPs?21,
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1.3.2.6.3 Immune dysregulation

Numerous biomarkers associated with innate and adaptive immune dysfunction have been
identified in IPF, including CC chemokine ligand 18 (CCL-18), chinitase-3-like protein 1 (YKL-
40), anti-heat shock protein (HSP-70) antibodies and C-X-C motif chemokine 13 (CXCL13).
YKL-40, a chitinase-like protein produced by alveolar macrophages and AEC2s, regulates cell
proliferation. The precise mechanism of YKL-40 is poorly understood, but in animal models
has mitogenic effects on lung fibroblasts??2. Increased YKL-40 levels are found in alveolar
macrophages and bronchial epithelia adjacent to fibrotic areas in IPF?2, Increased YKL-40
have also been reported in other fibrotic ILDs such as HP and asbestosis??42%¢, CCL-18 is a
small protein derived from alveolar macrophages that acts as a chemo-attractant and
stimulates collagen production in fibroblasts, independent of TGF-B signalling pathways?*°
227 In fibrotic ILDs increased numbers of CCL-18-positive macrophages are found, with
increased CCL-18 gene expression??8. CXCL13 is a critical agent for B-cell trafficking in
inflammatory foci and lymphoid aggregates, with dysregulated B cells implicated in IPF

pathogenesis?!®,

1.3.2.6.4 Blood biomarkers in other fibrotic ILDs

There is limited evidence for blood biomarkers in other fibrotic ILDs. Retrospective studies
have identified possible associations between blood biomarkers identified in IPF and clinical
outcomes in other fibrotic ILDs, suggesting shared pathogenic pathways across progressive
fibrotic ILDs. Further prospective studies are urgently needed to identify blood derived

biomarkers that underpin progressive fibrotic ILD irrespective of aetiology.
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1.4 Hypothesis and aims

A substantial proportion of individuals with ILDs other than IPF develop progressive fibrosis
with clinical, radiological, and genetic parallels with IPF suggesting a shared final common
pathway across progressive fibrotic ILDs irrespective of aetiology. Study of shared
mechanisms of progression has the potential to aid prognostication, enable a targeted
approach to therapeutic strategies and allow stratification within clinical trials. The aim of
this thesis is to examine and characterise the role of clinical biomarkers in fibrotic lung

diseases to enable the precise identification of progressive fibrotic phenotypes.

Hypothesis: There are shared pathways of progressive fibrosis across interstitial lung

diseases that can be characterised and measured with biomarkers

The hypothesis was tested by addressing the following specific aims:

1) To evaluate the role of serum proteins as biomarkers in pulmonary fibrosis

2) To determine the role of blood biomarkers as therapeutic targets

3) To describe the baseline features and longitudinal disease behaviours of a cohort
with mixed fibrotic ILD

4) To assess the role of demographics and physiological variables as biomarkers of
clinical progression in pulmonary fibrosis

5) To perform an exploratory analyses of blood biomarkers to identify novel analytes

and their biological pathways associated with disease progression
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1.5 Chapter outline

Chapter 2 presents a concise appraisal of published studies examining the association
between blood biomarkers and clinical endpoints in untreated IPF. The intention of this
systematic review is to summarise understanding of IPF blood biomarkers, whilst identifying
research gaps for future study. The chapter includes the first study to utilise individual
participant data to meta-analyse the association between matrix-metalloproteinase 7 and

disease outcomes.

Chapter 3 explores the role of interleukin inhibitors for treating COVID-19, to ascertain
whether blood biomarkers hold potential as therapeutic targets. Specifically, | perform a
systematic review and meta-analysis of interleukin inhibitors, to explore their association
with disease outcomes. Findings from this chapter are likely to aid understanding of
pulmonary fibrosis which shares risk factors with COVID-19, as well as the role of interleukin

inhibition in influencing the development and trajectory of post-COVID fibrosis.

Chapter 4 is the largest study of pooled placebo and treatment arms from IPF interventional
trials, where | examine the role of demographic and physiological variables, as prognostic
biomarkers in fibrotic ILD. Moreover, this is the largest study to evaluate the role of three-
month physiological biomarkers as potential surrogate endpoints in ILD clinical trials by
exploring their association with clinical outcomes. Associations of physiological variables
and disease outcomes are investigated later in this thesis in a mixed cohort of fibrotic ILD to

identify commonalities and differences across ILD subtypes.
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Chapter 5 presents details of the Its not Just Idiopathic Pulmonary Fibrosis Study (INJUSTIS),
an ongoing observational cohort study of 250 participants with fibrotic lung disease. The
INJUSTIS cohort will be used to evaluate longitudinal disease behaviour in fibrotic ILDs,
whilst identifying biomarkers that are associated with a progressive fibrotic phenotype.
Alongside a description of the study, | provide a recruitment update and describe the study

population, including demographics and longitudinal physiology and quality of life data.

Chapter 6 utilises interim data from the INJUSTIS study and is presented in two sections. In
the first, | examine the association between demographic factors, questionnaire scores and
physiology, to ascertain their role as prognostic biomarkers in fibrotic ILD. In the second
part, | investigate the feasibility of home spirometry and evaluate its potential as a

prognostic marker and earlier endpoint in future fibrotic ILD interventional trials.

Chapter 7 reports details of a discovery proteomic analysis from 24 participants with IPF
recruited into the INJUSTIS study. The aim is to measure biomarkers identified in Chapter 3
in extremes of IPF, whilst also performing an unbiased analysis to identify novel analytes.
The findings from this analysis will guide biomarker analytic strategy in the complete

INJUSTIS cohort once the remaining participants have been recruited.

Chapter 8 summarises the main findings presented in this thesis, describes the clinical and

research implications, and identifies priorities for further research.
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Chapter 2 Evidence synthesis of blood biomarkers as prognosticators
in IPF, an archetypal ILD

2.1 Introduction

Blood derived biomarkers have been extensively investigated in IPF, but none have reached
the threshold for implementation in clinical practice. Biomarker studies have faced several
limitations, including insufficient sample sizes with lack of power calculations, lack of
adjustment for important covariates and inconsistent endpoints, thus often yielding results
that have been unreliable and ungeneralisable. The purpose of this chapter is to
systematically collate, appraise and synthesise blood biomarker studies to offer a concise
and unbiased overview of the association between blood biomarkers and clinical endpoints
in untreated IPF. Since IPF reflects the prototypic progressive fibrotic lung disease,
biomarkers demonstrating prognostic potential will be specifically evaluated in other
fibrotic ILDs as part of the INJUSTIS study described later in this thesis, to explore the
hypothesis that there are shared disease pathways between fibrotic ILDs. Furthermore, an
additional aim of this chapter is to identify research gaps in our understanding of

biomarkers, which can then be used to inform further study in pulmonary fibrosis.

The protocol for the study can be found on PROSPERO (registration number:
CRD42019120402). The key findings from this chapter have been published as a manuscript
“A systematic review of blood biomarkers with individual participant data meta-analysis of
matrix-metalloproteinase-7 in IPF” in the European Respiratory Journal (ERJ). Findings have
also been presented as a poster presentation at the European Respiratory Society (ERS)

Congress 2021.
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Following initial searches and data extraction, it became apparent there were sufficient
studies of MMP-7 to enable meta-analysis using individual participant data (IPD). The
methodology and results for this sub-study have been described separately in the second

part of the chapter.

2.1.1  Aims of study

1) To qualitatively synthesise evidence from studies exploring the relationship between
baseline blood biomarkers and/or three-month change and clinical outcomes in IPF

2) To use individual participant data to quantitively synthesise the association between
baseline, and three-month change in MMP-7, and clinical outcomes in IPF

3) To identify blood biomarkers with robust evidence that can be investigated in other
fibrotic ILDs to explore shared pathogenic pathways

4) To identify gaps and priorities for future blood biomarker research in pulmonary

fibrosis
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2.2 Asystematic review of blood biomarkers in IPF

2.2.1 Methods

2.2.1.1 Eligibility criteria

Blood biomarker studies reporting clinical outcomes in adults with untreated IPF diagnosed
according to contemporaneous consensus guidelines?2°231, stratified according to at least
one pre-specified biomarker listed in Table 2-1, measured at either baseline and/or change
over 3 months, were eligible. Several blood biomarkers have been explored in IPF, and
therefore review articles were identified to select biomarkers that have shown promise as
prognostic biomarkers in IPF, which enabled search terms to be streamlined. Following the
identification of potentially suitable biomarkers, expert opinion (Prof Gisli Jenkins) was
sought to ensure the list was inclusive and appropriate. Only prospective studies were
included to minimise biases and confounding factors that are typically associated with blood
biomarker studies. There were no sample size restrictions, though individual case reports

were ineligible.

Pathogenic pathway Biomarker

Krebs von den Lungen (KL-6), surfactant protein A (SP-A), surfactant protein
D (SP-D), matrix metalloproteinase-1 (MMP-1), cancer antigen 125 (CA-125),
carbohydrate antigen (CA19-9), vascular endothelial growth factor (VEGF),
insulin like growth factor binding protein 2 (IGFBP2)

Epithelial dysfunction

Collagen synthesis peptides (CSP), neoepitopes, lysyl oxidase like 2 (LOXL2),

ECM modelli
modelling periostin, osteopontin

C-C motif chemokine ligand 18 (CCL-18), chemokine ligand 13 (CXCL13),
Immune dysregulation interleukin-8 (IL-8), heat shock protein (HSP70), chitinase-3-like-protein 1
(YKL40), intracellular adhesion molecule 1 (ICAM-1)

Table 2-1 — Blood biomarkers eligible for inclusion in systematic review according to pathogenic pathways
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2.2.1.2 Search strategy and study selection

Electronic databases including MEDLINE (1946 to latest), Embase (1974 to latest), Google
Scholar, the Cochrane Register of Controlled Trials and ClinicalTrials.gov were searched on
12t November 2020 using keywords and controlled vocabulary terms for “idiopathic
pulmonary fibrosis” and “biomarkers”. Further search terms for each of the pre-specified
biomarkers were included and are available in the appendix. Prognostic search filters were
applied to further refine search criteria®32. Pre-print servers including medRxiv, bioRxiv and
Wellcome Open Research were searched to identify unpublished studies, ensuring the
review was inclusive as possible. Reference lists of retrieved articles were searched to

identify further studies.

2.2.1.3 Data extraction

Data were extracted from study publications in duplicate to minimise the risk of error, and
included study design details, participant demographics (age, sex, smoking status) and
outcome data (mortality, FVC change at 12 months and disease progression). Biomarker
values alongside their standard deviation at baseline, and three-months (where available)
were retrieved in individuals with and without the event (mortality and disease
progression). Summary estimates reporting the association between biomarkers and

outcomes, alongside details of covariates adjusted for, were extracted where available.
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2.2.1.4 Risk of bias assessment

The Quality in Prognosis Studies (QUIPS) has been recommended by the Cochrane Prognosis
Methods Group for assessing the risk of bias in prognostic factor studies. The QUIPs tool
assesses validity and risk of bias across six domains: participation, attrition, prognostic
factor, outcome, confounding and statistical analysis?33. Each domain contains multiple
items that are judged separately before an overall judgement based on a three-grade scale
(high moderate or low) is applied. Studies were eligible for inclusion regardless of their risk
of bias rating. The overall quality of evidence for each outcome was rated using GRADE

(Grading of Recommendations, Assessment, Development and Evaluations) 234,

2.2.1.5 Analysis

Overall mortality was selected as the primary outcome as this is of most relevance to
patients. Since death from IPF typically occurs too infrequently in clinical studies, surrogate
endpoints for predicting survival have emerged, such as an FVC decline greater than 10%.
Therefore, secondary endpoints for the systematic review included change in FVC over 12
months and disease progression defined as FVC relative decline > 10% or death at 12
months. All eligible studies were included in the data synthesis and summary tables. In

studies reporting outcomes in multiple cohorts, each cohort was treated individually.
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2.2.2 Results

Electronic database searches identified 4930 articles with a further 69 articles identified
through searches of preprint servers (Figure 2-1). Articles from all sources were combined,
duplicates removed, and titles screened for suitability. Following further screening of
abstracts, and review of full texts, 23 studies published worldwide, evaluating a total of 15
blood biomarkers in 2901 participants were shortlisted for inclusion (Table 2-2). All included
studies were published between 2007 and 2020. Due to heterogeneity in study design,
differences in endpoints and reporting of data using biomarker thresholds, summary
estimates were unable to be pooled. Therefore, the findings of this review have been
described narratively and individual study results presented in tables found in appendix

10.3. A visual summary table is included at the end of this chapter (Table 2-4).
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IPD meta-analysis (n = 12)

!

Studies included in IPD
meta-analysis (n = 9)

Full-text articles excluded
(n=50)
Retrospective (n = 15)
Insufficient data (n = 9)
Not primary research (n = 2)
Other biomarkers (n =7)
Duplicate data (n = 7)
Other language (n = 2)
[IP not IPF (n = 5)
Transplant data only (n = 1)

BAL data only (n=2)

Figure 2-1 - Flow diagram illustrates systematic search and screening strategy, including numbers of studies meeting eligibility

criteria and numbers excluded.
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Study

Author and Country of IPF Sample follow Age Sex — Baseline Baseline DLco Relevant Biomarkers
year of ) FVC % . Relevant outcomes reported
. study size up, (years) male (%) X % predicted evaluated
publication predicted
months
11 collagen svnthesis Disease progression (FVC210% decline, DLco 2 15%, acute
Bauer, 201723 multi-national 236 NR 63.1(8.9) 64 75.7 (10.7) 47.7 (10.7) & .y exacerbation or death) up to end of study, change in FVC at
(BUILD-3%3¢) peptides
4 months
USA 69 Overall mortality, lung function decline at 24 months
66.2 (7 75 69.8 (12.1 42.1(11.1
multi-national (ARTEMIS?38) 2 ) ( ) ( ) (FVC=10% with DLco = 5%, or DLco > 15% with FVC = 5%),
Chien, 2014%7 USA 104 LOXL2 disease progression (mortality, hospitalisation, or lung
multionational (GAP™) 66.7 (8.9) 70 66.1(17.7) 47.8(18) function decline)
47
66 (8) 77 75 (18) 64 (20)
South K AE-IPF
Collard, 201024 siﬁzle ceor:frz 2(} (witho)ut NR KL-6, SP-D Overall mortality, acute exacerbation
63 (7 80 84 (19 74 (22
AE-IPF) ( (19) (22)
Doubkova, Czech Republic 68.5 (49- 68 . . .
201621 single centre 18 NR 79) 56 (median) 52 (median) SP-A, SP-D Overall mortality, change in FVC
Gui, 2020%*? singf:lcneantre 126 60 NR 75.4 70.1(17) 50.5 (12.6) KL-6, CXCL13 Overall mortality, change in FVC over 12 months
. Japan 31 (26.6- SP-A, SP-D, CCL-18, KL- .
243 '’ ’ ’ _
Hamai, 2016 single centre 65 35.4)b 69.3 (8.6) 77 75.6 (21.9) 47.1(15.8) A 5-year mortality
- - - - - S
Hoyer, 20202 Denmark multi 184 16 NR NR NR NR PRO-C3, PRO-C6 Overall mortality, disease 'progressmn (FVC'decIme >10%
centre and/or DLco decline >15% at any time)
. China 20 53.5 Disease progression (FVC decline 2 10% or DLco decline 2
245 -
Jiang, 2018 single centre (85 ILD) 12 (10.5) >9 711(17.7) 494(243) KL-6 15%, or death) at 12 months
55 26 (1.6-
) e ) ( " | 68.5(9.5) 78 75.9 (23.5) 44.4 (18.3)
Jenkins, 20152 UK (Discovery) 35.2) ) ) )
. . Overall mortality, disease progression at 12 months (all-
multi-centre ECM-neoepitopes . o .
134 21.2 (0.8 707 (7.7) 79 78.1(17.2) 421 (135) cause mortality or >10% FVC decline)
(Validation) 36.2) 2 B ’ ' ' '
Kennedy, Ireland 72.6 .
2015246 single centre 13 6 (10.7) 77 83.3(26.9) 39.1(16.1) SP-D Change in FVC at 6 months
Kinder, 2009 27 . USA 82 36 (16- 62 (10) 62 64 (18) 54 (16) SP-A, SP-D Death or transplantation at 1 year
single centre 72)b
106 SP-D, CA125, CA19-9
70.8 (8.3 78 79 (18.9 43.3(14.8 ! / !
Maher, 20171 UK (Discovery) 36 (8:3) ( ) ( ) IGFBP-2, IL-8, ICAM-1 Overall mortality, disease progression at 12 months (all-
multi-centre ?OG. 72.5(7.7) 76 81.4(19.2) 49 (16.9) SP-D, CA125, CA19-9 cause mortality or FVC decline > 10%)
(Validation
Naik 201224 USA 54 Disease progression at 48 weeks (death, acute
! multi-centre (COMETE) 18.5 64.3 (8.2) 72 68.5 (15.8) 40.8(14.3) Periostin exacerbation, transplantation, relative FVC decline 2 10% or

DLco > 15%)
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221

) 66.9 (7.4) 72 73.4 (13.4) 46.5 (9.4)
Neighb CAPACITY 33
elgnoors, . . CCL-18, CXCL13, At 12 months: Disease progression (FVC 210% absolute
20182 multi-national 12 N . .
244 67.7(7.2) 77 68.3 (10.9) 43.9(11.9) YKL-40, Periostin decline or death), change in FVC, death
ASCEND 176 ' ' ’ ' ' '
64 (without
Ohshimo, German A(X'IPF‘;” 70 (8) 73 68 (15) 44 (14)
20142% single cenrre 13 (with AE 36 (25.2) KL-6, CCL-18 Acute exacerbation
g ‘;‘SF) 67 (5) 85 54 (17) 43 (10)
Ohta, 20177 Japan 6.2 (5.8- Monomeric Periostin, .
multi-centre 60 8.5) 69.2 (8.1) 92 85.8 (20.1) 59.7 (21.8) Periostin, KL-6, SP-D Change in FVC at 6-12 months
Okamoto, Jaban
201122 .p 37 NR 66.3 (8.6) 84 80.2 (20) NR Periostin Overall months
multi-centre
ECM-neoepitopes, . . .
(0] 2019%3 UK 34.5 (6] Il tality, d t12 ths (all-
rean. . 145 : 717 (7.7) 81 79.8(204) | 48.2(17.9) collagen synthesis verall mortality, disease progression at 12 months (a
multi-centre (median) A cause mortality or >10% FVC decline)
peptides
23 71(69- 82 72 (60-93)° | 56 (38-65)°
Greece (stable) 74)" .
- . 12 IL-8 Overall mortality at 12 months
Papiris, 2018%>* single centre 18 68.5 (67- 61 60 (44-64)° 35 (30-36)°
(exacerbated) 78)"
Germany and Overall mortality, change in FVC at 6 months, disease
P 2009%3 72 24 67.2 (8.6 NR NR NR CCL-18 ! !
rasse, Italy (8.6) progression at 24 months (>10% FVC decline or death)
SP-A, SP-D, CCL-18, KL- Disease progression at 52 weeks (FVC decrease 210%
Raghu, 2018%%¢ multi-national 154 12 67.9 (8.4) 64 71.5(19.6) 40.9 (15.9) 6, ICAM-1, Periostin, predicted or DLco decrease > 15% or lung transplantation or
YKL-40 death)
140 22(19) | 67.2(8.3) 72 62 (19.6) 44.8 (17.1)
Richards, (Derivation) o ) ) ) Overall mortality, disease progression (FVC relative decline
2012%%7 USA 101 IL-8, ICAM-1 > 10% within any 1 year of follow up)
single centre o 17 (16) 68 (8.7) 66 60.8 (17) 45.4 (19) B
(Validation
Vuga, 2014258 USA 95 >24 69 (9.7) 74 66 (19.5) 50 (19.5) CXCL13 Overall mortality

single centre

Table 2-2 — Methodological characteristics of all included non-MMP7 studies with baseline participant characteristics and outcome data.

Age, baseline FVC and baseline DLCO reported as mean (standard deviation) unless otherwise stated. NR, not reported; AE-IPF, acute exacerbation of IPF; a = median and range; ® = median and
IQR; # = Post-hoc analysis (Clynick et al 2020) of Navaratnam et al, 2014. Original study did not report biomarker data
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2.2.2.1 Risk of bias assessment

Risk of bias assessment identified several possible biases in the included studies (Table 2-3).
In most studies, the study population were defined using clear inclusion/exclusion criteria,
and outcomes were measured objectively and consistently across all study participants.
Whilst biomarkers were measured using the sample matrices (plasma or serum), details of
assay platforms were frequently missing. The association between outcomes and blood
biomarkers measurements can be confounded by demographic variables such as age and
gender, as well as other factors such as smoking status and lung function 2*°. In many
studies, confounders were either not measured, or there was inconsistent adjustment in
analyses. A further bias was the use of data-dependent biomarkers thresholds to present

results, and these thresholds were inconsistent across studies, preventing pooled analyses.

Risk of bias
100% ——
o 1N - .

80%
70%
60%
50%
40%
30%
20%
10%
0%

Statistical Confounding Outcome Prognostic  Study attrition Study

analysis and factor participation

reporting

mlow  Moderate mHigh

Figure 2-2 - Risk of bias for included studies in systematic review.

The risk of bias across studies was rated as low, moderate, or high risk in six categories using the QUIPs tool
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study Stud.y. ' StutEIY Prognostic Outcome Confounding Statistical
participation attrition factor analysis
Bauer, 2017 Low Low Moderate Low High Low
Chien, 2014 Low Low Low Low Moderate Low
Collard, 2010 Low Low Low Low High Low
Doubkova, 2016 Moderate High High High High High
Gui, 2020 Low Low Low Moderate High Low
Hamai, 2016 Moderate Moderate Low Low Low Low
Hoyer, 2020 High High High Low High High
Jiang, 2018 Low Low Low Low High Low
Jenkins, 2015 Low Moderate Low Low Low Low
Kennedy, 2015 Moderate Low Low Low High Moderate
Kinder, 2009 Low Low Low Low Low Low
Maher, 2017 Low Moderate Low Low Low Low
Naik, 2012 Low Low Low Low Low Low
Neighbors, 2018 Low Low Low Low Low Low
Ohshimo, 2014 Low Low Low Low Low Low
Ohta, 2017 Low High Low Low High Low
Okamoto, 2011 Low High Low Low Low Moderate
Organ, 2019 Low Moderate Low Low Low Low
Papiris, 2018 Low Low Low Low High Moderate
Prasse, 2009 Moderate Low Low Low Low Low
Raghu, 2018 Low Low Low Low Moderate Low
Richards, 2012 Low Low Low Low Moderate Low
Vuga, 2014 Moderate High Low High Low Low

Table 2-3 - Risk of bias assessment for included studies. The risk of bias across studies was rated as low, moderate, or high
risk in six categories using the QUIPs tool.

2.2.2.2 Baseline biomarkers predicting mortality

Of the epithelial biomarkers, CA19-9 and CA-125 were strongly associated with mortality,

with a three-fold increased risk reported in 206 participants in the PROFILE study'?4. The

remaining epithelial biomarkers were associated with contrasting and inconclusive

estimates; SP-A and SP-D in separate studies of 82 and 206 participants respectively, and KL-

6 in two studies totalling 191 participants were associated with increased mortality,

124hut no association with death was demonstrated in multiple other studies evaluating

these biomarkers.

240 241 247 260

242 247 260
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Biomarkers of ECM modelling were evaluated in numerous studies. LOXL2 levels greater
than 700pg/mL were associated with mortality in 104 participants, whilst levels greater than
800pg/mL were not associated with mortality in 69 participants.?” No association with
mortality was observed for periostin.?*° 2>2 ECM neoepitopes and collagen synthesis
peptides were investigated in two separate publications from the PROFILE study.?62>3
Baseline concentrations of neoepitopes C1M and C3A in 134 participants, the ratio of
PINP:C1M in 145 participants, and PRO-C3 levels in 184 participants were associated with

mortality. 3334

Biomarkers representing immune dysfunction were examined in several studies with
conflicting findings. CCL-18 was associated with mortality in a two-year follow up of 72
participants,?>® with similar associations observed for one-year mortality in the test and
replication cohort of 123 and 237 participants, respectively.?*° In a further study of 62
participants followed for five years, CCL-18 was unable to predict death.?®® CXCL13 and its
relationship with mortality was explored in three studies totalling 581 participants, which
concluded that increased levels were associated with mortality. However, effect sizes varied
and included unadjusted estimates, confidence intervals were wide, and follow up time
ranged from one to five years.?4? 24258 An inconsistent association was observed between
IL-8 and mortality, with no association in a test cohort of 140 participants, but a weak
association was observed in a validation cohort of 101 participants.?®” A similar estimate
was observed in 41 individuals with acute exacerbations.?>* In the only study of ICAM-1,

baseline values were strongly associated with mortality in both cohorts of a study totalling
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241 participants.?>” No association with mortality was observed for YKL-40 in a single

study.?*®

2.2.2.3 Change in biomarkers predicting mortality

Three publications reporting from the PROFILE cohort evaluated the relationship between
longitudinal biomarker measurement and mortality.?1¢ 2>3 124|n both the discovery and
validation cohorts totalling 312 participants, rise in CA-125 over three-months doubled the
risk of death, and in the discovery cohort alone, change in IGFBP-2 over three months
weakly predicted death. Change in SP-D, CA19-9, IL-8, and ICAM-1 were not predictive of
mortality. Seven neoepitopes and their change over three months predicted mortality, all of
which are degraded by matrix metalloproteinases (BGM, C1M, C3M, C5M, C6M, CRPM and
C3A). A validation cohort of 145 participants from PROFILE demonstrated replication of
C1M, C3M, C6M and CRPM, but the rate of change of collagen synthesis peptides was not

associated with mortality.?>3

2.2.2.4 Baseline biomarkers predicting disease progression

Biomarkers of epithelial dysfunction were not consistently predictive of disease progression.
SP-A levels were lower in those with worsening lung function,?®! but unable to predict
disease progression.?>® A significant association of elevated SP-D levels and disease
progression was replicated,'?* with elevated levels reported in acute exacerbations.?*° In
another study, SP-D negatively correlated with FVC change over six months.?%2 Further

studies reported no association with disease progression or FVC change alone.?>® 261 263 K| -6
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was unable to predict disease progression,?**2°¢ though KL-6 was associated with an
increased risk of exacerbation.?4°2%% KL-6 was correlated with FVC change over 12 months in
a study of 126 participants,?*? but not in more restricted studies of 26 and 60 participants
each.?°2253 CA19-9 in both cohorts of the PROFILE study, and CA-125 in the validation arm

alone were associated with disease progression.!

Biomarkers characteristic of ECM remodelling were similarly inconclusive for disease
progression. Periostin negatively correlated with FVC change over 6-12 months,?>? 23 and
was associated with disease progression in two further cohorts.?*82%° However, findings
were not replicated in the validation cohort, nor supported by a separate study.?*® In the
only study of LOXL2, baseline biomarkers predicted disease progression in both cohorts.?%®
In the PROFILE study, five neoepitopes (C3M, C6M, CRPM, C3A, VICM) were elevated in

progressive disease.124216

Immune dysfunction biomarkers were not consistently predictive of disease progression.
CCL-18 was the most studied biomarker, with inconsistent findings observed for baseline
levels and disease progression in two studies.?>®2°¢ In another study, an initial association
with disease progression was not validated in a larger cohort.?*® No association with
exacerbation was reported.* Two studies explored change in FVC and observed elevated
baseline CCL-18 levels were associated with increased FVC change at timepoints ranging
from 6-12 months.24°2>5 CXCL13 was unable to predict disease progression,?*® but baseline
levels correlated with FVC change at one year in two studies.?*224° |L-8 levels were elevated

in progressors in the discovery cohort of the PROFILE study,?® and though IL-8 predicted
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progression in the derivation cohort of another study, findings were not replicated.?>” ICAM-
1 values in the discovery cohort of the PROFILE study,?® and levels above empirically defined
thresholds,?>” predicted a greater risk of progression, which was not supported by a further

study.?>® YKL-40 did not predict disease progression in the included studies.?4° 2°¢

2.2.2.5 Change in biomarkers predicting disease progression

In the PROFILE study, participants with progressive disease had rising concentrations of CA-
125 over 3 months compared to those with stable disease, but no relationship was
replicated with SP-D or CA19-9.%2% In a restricted study of 20 participants, increase in KL-6

levels between follow up visits were associated with disease progression.?*®

2.2.3 Conclusion

There were insufficient data for meta-analysis of biomarkers due to differences in study
designs and inconsistent outcome reporting. Several biomarkers were associated with
mortality in single studies, but replication of findings was weak. There is currently
insufficient replication of biomarkers to implement into clinical testing, but this study

provides pilot data for further investigation in other fibrotic ILDs.
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Biomarker Mortality Change in biomarkers Disease progression Change in biomarkers FVC change Change in biomarkers
predicting mortality predicting disease predicting FVC change
progression

SP-A 000 B o - (] -
SP-D Qecoe o0 0060 e o0 -
KL-6 Qoo - e ®e ® Qoo -
CA-125 [ o0 00 o0 - -
CA19-9 @ e o0 o0 - -
LOXL2 Qe - oo - - -
Periostin 00e - 000 - Qee® -
CCL-18 00ee - 0e00e - 0o -
oxCL-13 000 ; o0 ) 000 :
IL-8 0.0 - 000 : i :
YKL-40 o0 - 000 : -1 ;
ICAM-1 00 @ 0000 ) . ;
IGFBP-2 . ® . - - -

Table 2-4 - Summary of study results.

Each dot represents a study (or individual cohort in studies with more than one cohort). Green dots represent studies showing an association between the biomarker and outcome, and red

dots represent studies where no association was found. Larger circles represent studies with a sample > 100 participants, and smaller circles represent studies with sample sizes smaller than
100 participants. Outcomes where no studies were found for the listed biomarker are represented with a dash (-)
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2.3 Anindividual participant data meta-analysis of MMP7

Following initial searches and data extraction, it became apparent there were sufficient
studies of MMP-7 to enable meta-analysis, though results were reported inconsistently
across studies, limiting the ability to pool summary estimates. Therefore, individual
participant data (IPD) were sought to explore the association between MMP-7 and clinical
outcomes in IPF. IPD meta-analyses enable pooling of outcome data and are regarded by
Cochrane as the gold standard for collating evidence. They enable standardisation of
analyses, consistent adjustment for potential confounding factors and subgroup analyses

stratified by participant characteristics, offering unique and robust insights.

2.3.1 Methods

2.3.1.1 Search strategy and risk of bias assessment

An identical search strategy and risk of bias assessment to that described above was applied

to identify and appraise studies of MMP-7.

2.3.1.2 Individual participant data (IPD)

Once eligible studies were identified, corresponding authors were contacted using
encrypted electronic mail communication, with at least three reminders, each four weeks
apart (appendix). Data-sharing portals such as Vivli, Yoda and Clinical Study Data Request

were utilised to request data from sponsored clinical studies?®®26, Data requested included
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MMP-7 measurements at baseline and three-months, and details of assays. Data were also
sought for participant demographics (age, sex, smoking status), lung function at baseline

and twelve months and survival status including time to death.

2.3.1.3 Statistical analysis

In studies reporting outcomes in multiple cohorts, each cohort was treated individually.
Overall mortality was selected as the primary outcome and hazard ratios (HR) for MMP-7
levels were estimated. Studies with a duration of follow up greater than three years were
censored for survival analyses. Three years was chosen as this correlates with the median
survival in IPF. Secondary outcomes included change in percent predicted FVC from baseline
at 12 months, and disease progression defined as FVC relative decline > 10% or death at 12

months. Odds ratios (OR) were estimated to predict the likelihood of disease progression.

IPD meta-analyses can be conducted using either a one-stage or two-stage approach. In the
two-stage approach, data from studies are analysed separately producing an effect estimate
and confidence interval which are then aggregated using standard meta-analysis
methodology. For example, if the outcome is binary such as disease progression, maximum
likelihood estimation could be used to fit the following logistic regression model in each trial

separately?®°:

E(yy) ) < Pij )
n <1 _ E ()/ij) n 1 _ pij al le]
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where y;; is 1 or O for participants with or without the outcome of interest, respectively;
pij is the probability of participant j experiencing the event; a; is the intercept; and 6;
denotes the treatment effect (log OR). Confounding factors can be adjusted by including in

the equation alongside yij.

In the second stage, the effect estimates are combined across trials using either a fixed or
random effects model. A fixed-effect model assumes there is a single true underlying effect
that is shared by all included studies, and any difference in observed effects are due to

sampling error. The pooled estimate from across all the studies, 0 is?°:

ZWL' 01
6 =
ZWi

where w; = the weight given to each study, and 01 is the effect estimate from each study.
The most common method to estimate 8 is the inverse variance method, which provides a

weighted average, where the weight of each trial is defined as?°:

1
Wi = Yar ;)
A random effects model assumes the true effect size varies across studies, and the summary
effect is an estimate of the distribution’s mean. A random effects model is recommended If
there is heterogeneity across studies, or when results will be generalised beyond included
studies. To obtain meta-analysis using a random effects model, an inverse variance is also
used, but the weights of each trial are now adjusted to incorporate an estimate of t? which

describes the variance of the real effect size between the studies?®.
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1
i = Var ;) + 2

In the alternative one-stage approach, data from all trials are analysed simultaneously in a
single step using a model that accounts for clustering of participants within studies. The
two-stage approach is frequently chosen because it uses standard, well documented
methods, and several simulation studies have demonstrated both approaches give similar
results?®®. For the quantitative analysis of MMP-7, a two-stage IPD meta-analysis with
random effects was applied, as there was substantial heterogeneity in study designs and a
two-stage approach enabled pooling of dataset available across separate servers and
portals. Demographic factors such as age and gender, can often be a source of confounding
in biomarker studies, as can disease severity. Therefore, all estimates were adjusted for
confounders identified a priori including age, gender, smoking history, and disease severity

measured with baseline lung function.

There were differences in units of MMP-7 measurement and assays were inconsistent
across studies. To standardise baseline MMP-7 values, and enable meta-analysis, z scores
specific to each study were calculated and analysed as exposure variables. The z score,
measured in standard deviation units, describes the relationship between an individual
value and the mean of the group of values. A z-score of 0 suggests the datapoint’s score is
identical to the mean, whereas a score of 1.0 would indicate a datapoint is one standard
deviation greater than the mean and a negative score indicates the datapoint is below the

mean. The z score can be calculated using the following equation:
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where y = datapoint; u = the group mean; and g = the group standard deviation.

MMP-7 change over three-months was calculated where available, using the relative
percentage change from baseline. All three-month analyses were additionally adjusted for
baseline MMP-7 values alongside the covariates listed above. Participants with missing

three-month MMP-7 measurements were excluded using listwise deletion.

Once studies are pooled, there can be several sources of heterogeneity which are important
to explore. Poor overlap of confidence intervals from individual studies generally indicates
the presence of statistical heterogeneity, and more formally, the I statistic can be
calculated to quantify the proportion of variance in study estimates attributable to
heterogeneity, rather than sampling error. However, the |2 statistic can be unreliable when
there are smaller numbers of studies, or modest sample sizes, and therefore caution must
be applied in interpretation during such circumstances?’. Importantly, the |12 test also has
significant power to detect smaller amounts of heterogeneity that may be clinically

unimportant. The 12 can be calculated using the following equation:

2 = (Q_Tdf) x 100%

where Q is the chi-squared statistic; df is the degrees of freedom

The interpretation of I thresholds can be interpreted, as suggested by Cochrane, according

to the following:

e 0% to 40%: might not be important

e 30% to 60%: moderate heterogeneity
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e 50% to 90%: severe heterogeneity

e 75% to 100%: considerable heterogeneity

The 12 should be interpreted alongside p values and in the context of the direction and
magnitude of effect. For all analyses perform in the meta-analysis, the 12 and corresponding

p values were calculated to identify statistical heterogeneity.

Meta-regression allows prediction of outcome variables according to methodological or
clinical factors as covariates, to establish whether those covariates are responsible for inter-

study heterogeneity?’*

. Meta-regression was performed where there were at least ten
studies to explore variability in estimates according to the following categorical variables:
design of study (cohort vs. randomised study), number of centres (single vs. multi-centre),

assay methods (ELISA vs. non-ELISA), blood samples used for analysis (plasma vs. serum)

and manuscript publication status (peer reviewed vs. non-peer reviewed).

Publication bias occurs when studies with non-significant results are less likely to be
published than those studies that report a significant effort. Publication bias was assessed
using visual inspection of funnel plots for asymmetry and application of Egger’s test where
sufficient studies were included. Egger’s test uses linear regression to assess the relation
between the intervention effect estimates and the standard errors weighted by their
inverse variance?’2273, Availability bias was assessed by comparing study characteristics and

study results in included studies to those of excluded studies where IPD could not be
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retrieved. The presence of availability bias can influence the results of a meta-analysis

towards an inaccurate treatment effect.

All statistical analyses were performed using Stata 16 (Statacorp, Texas US), using the
ipdmetan command. This command enables data to be combined from datasets available
through separate servers and portals, whilst also enabling adjustment for a consistent set of

confounders.
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2.3.2 Results

12 studies exploring outcomes in relation to MMP-7 were shortlisted for inclusion, with IPD

available from nine of these studies (75%) reporting outcomes in eleven cohorts totalling

1664 participants. Reasons for study exclusion were no response from corresponding author

(n=2) and original consent during data collection did not allow data sharing (n=1).

Study
Author and follow up, Sex — Baseline Baseline
year of Included Co:tr:‘t;y of IPF :laz I:ple months ( ﬁg(:s) male FVC % DLco
publication in IPD MA v (median, ¥ (%) predicted | % predicted
IQR)
Bauer, multi- 211 63.1 75.7
2017235 No national (BUILD-3236) NR (8.9) 64 (10.7) 47.7(10.7)
. Japan
Hamai, K 69.3 75.6
201624 Yes single 65 28 (16-45) (8.6) 77 (21.9) 47.1(15.8)
centre
Maher, Yes UK (Disigsery) 15 (15-15) (780'3?) 78 | 79(189) | 43.3(14.8)
2017124 multi- -
200 72.5 814
t - .
Yes centre (Validation) 15 (15-15) (7.7) 76 (19.2) 49 (16.9)
Navaratnam, UK 732 847
2014/Clynick, Yes multi- 205 42 (20-60) ® '7) 74 ( 18'7) 43.7 (15.8)
202076274 centre ’ ’
221 66.9 73.4
Neighbors, Yes . 3 18 (17-21) 72 46.5 (9.4)
2018249 nraY1tli.|OI'cr:-a| CAPACITY (7.4) (13.4)
244 67.7 68.3
Yes ASCENDZS 12 (11-12) (7.2) 77 (10.9) 43.9 (11.9)
USA
Oldham, 2019 Yes multi- 199 19 (8-32) (781;) 74 (ig'i) 48.5 (20.4)
centre ’ ’
Peljto, multi- 438 66.6 72.2
2013776 No national | (INspire27) | 191423 | (45 74 (124) | 47389
Raghu, multi- 67.9 71.5
5018256 Yes Cational 154 12 (12-12) (.4) 64 (19.6) 40.9 (15.9)
140 67.2
b
Richards, No UsA (Derivation) 22 (19) (.3) 72 62(19.6) | 44.8(17.1)
2012257 single 97
t - . . .
Yes centre (Validation) 42 (14-60) | 68(8.7) 66 60.8 (17) 45.4 (19)
USA
Rosas, . 67.6 71.1
5018778 Yes multi- 58 11 (11-12) 7.3) 81 (15.6) 41.5 (13.9)
centre
. Japan
279 -
Sokai, 2015 No single 57 H (0;4 61) (689; 90 éi'g) 43.7 (14.2)
centre ’ ’
Tzouvelekis, USA 702
2017280 Yes single 97 17 (8-17) 70 (8) 79 (16.5) 47.2 (16.9)
centre ’

Table 2-5 - Methodological characteristics of MMP-7 included studies with baseline participant characteristics and outcome

data.

Age, baseline FVC and baseline DLCO reported as mean (standard deviation) unless otherwise stated. Study follow up time

reported in median (IQR) unless otherwise stated. @ = median and range, ® = mean (SD)
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2.3.2.1 Risk of bias assessment

Risk of bias assessment identified similar limitations and risk of biases to those identified in
non-MMP7 studies. Participants were described clearly, and biomarkers were measured
using the same laboratory technique for all participants. Important confounding factors

were available from all studies.

MMP-7 risk of bias

100%
oo ]
80%
70%
60%
50%
40%
30%
20%
10%
0%

Statistical Confounding Outcome Prognostic  Study attrition Study
analysis and factor participation
reporting

Hlow  Moderate HHigh

Table 2-6 - Risk of bias for included MMP-7 studies.

The risk of bias across studies was rated as low, moderate, or high risk in six categories using the QUIPs tool

2.3.2.2 Baseline MMP-7 and mortality

Data to enable survival analysis was available from eight studies totalling 1492 participants.
Two further studies where IPD was unavailable reported mortality outcomes. In IPD meta-

analysis, after adjustment for age, sex, smoking status, and baseline FVC, MMP-7 measured
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at baseline was associated with an increased risk of overall mortality, with each standard
deviation increase associated with a 23% increased risk of mortality (aHR 1.23, 95%Cl
1.03;1.48, 12=64.3%). Severe heterogeneity in estimates were noted but none of the

covariates assessed were able to explain the variability.

Summary estimates examining the association between baseline MMP-7 and 12-month
mortality were inconclusive (aHR 1.33, 95%Cl 0.99;1.78; 12=59.6%) with moderate
heterogeneity noted. In the two studies where IPD was unavailable, contrasting results were
reported. A threshold of 5.7ng/mL doubled the risk of death (aHR 2.18 95%Cl 1.1;4.32) in
438 participants over a median follow up of 19 months?®!, and a further study of 57

participants reported a relationship between mortality and baseline MMP-7%2,
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% Follow
Study Year aHR (95% Cl)  Weight up n/N
Rosas et al 2018 : - 1.92(0.76,4.84) 3.23 11 4/58
Neighbors et al (Test) 2018 —_—T 1.09 (0.81,1.48) 11.95 12 29/221
Neighbors et al (Replication) 2018 : 1.00 (0.61, 1.65) 7.64 12 20/244
Maher et al (Discovery) 2017 —- T 0.78 (0.43, 1.40) 6.27 15 18/106
Maher et al (Validation) 2017 —t— 1.10 (0.88, 1.37) 14.08 15 36/200
Tzouvelekis et al 2017 : _— 2.67 (1.78,4.02) 9.50 17 16/97
Oldham et al 2019 —}P—v— 1.08 (0.88,1.32) 14.68 19 85/199
Hamai et al 2016 :# 1.33(0.83,2.15) 8.08 28 18/65
Richards et al (Validation) 2012 — 0.98 (0.68, 1.42) 10.41 36 48/97
Clynick et al 2020 - 1.48 (1.19, 1.84) 14.17 36 88/205
Overall (I-squared = 64.3%) ~0 1.23 (1.03, 1.48) 100.00
[ [ [ [
.25 5 1 2 4
Lower Risk Greater Risk
NOTE: Weights are from random-effects model
B %
Study Year aOR (95% Cl) Weight n/N
Rosas et al 2018 — 1.63 (0.67, 3.98) 6.61 4/58
Hamai et al 2016 T 2 g 9.62 (1.04, 88.87) 1.59 5/65
Richards et al (Validation) 2012 —_— 0.66 (0.28, 1.54) 7.03 23/97
Tzouvelekis et al 2017 : —_— 3.38 (1.63, 6.99) 8.32 11/97
Mabher et al (Discovery) 2017 —_— 0.80 (0.39, 1.63) 8.49 17105
Clynick et al 2020 :—0— 2.61 (1.34, 5.06) 9.10 27113
Raghu et al 2018 T 1.67 (0.90, 3.11) 9.63 11/160
Maher et al (Validation) 2017 — 1.04 (0.69, 1.57) 12.75 33/197
Oldham et al 2019 —0-—: 0.88 (0.59, 1.30) 12.96 44/199
Neighbors et al (Test) 2018 +—— 1.36 (0.90, 2.05) 12.75 20/221
Neighbors et al (Replication) 2018 — 0.98 (0.57, 1.68) 10.78 19/244
Overall (I-squared = 59.6%) ~<> 1.33(0.99, 1.78) 100.00
I I
.015625 1 64
Lower Risk Greater Risk

Figure 2-3 — Mortality forest plot for baseline MMP-7

A — Overall mortality. B: Mortality at 12 months. Effect sizes with 95% confidence intervals per standard deviation increase
in baseline MMP-7. Study follow up time shown in months. n denotes the number of deaths, and N represents the total
number of participants included per study.

2.3.2.3 Change in MMP-7 and mortality

MMP-7 change over three-months and its relationship with mortality was explored in three
studies with 498 participants. Following adjustment for age, sex, smoking, baseline FVC and
baseline MMP-7, no association was found with either overall mortality (aHR 1.00, 95%Cl

0.99;1.02, 1=53.3%) or twelve-month mortality (aOR 1.00, 95%Cl 0.99;1.01, 12=37.4%).
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A.

% Follow
Study Year aHR (95% Cl) Weight up
Rosas et al 2018 : + 1.03 (0.99, 1.07) 10.03 1
Neighbors et al (Replication) 2018 -4-: 1.00 (0.99, 1.00) 52.31 12
Mabher et al (Discovery) 2017 : + 1.07 (1.00, 1.15)  3.90 15
1
Mabher et al (Validation) 2017 —_— 0.99 (0.98,1.01) 33.76 15
Overall (I-squared = 53.3%) <> 1.00 (0.99, 1.02) 100.00
| |
9 1 1.1
Lower Risk Greater Risk
%
Study Year aHR (95% ClI) Weight
Rosas et al 2018 : o~ 1.05 (0.99, 1.10) 6.51
Mabher et al (Discovery) 2017 : -&- 1.04 (0.97,1.12) 3.37
Maher et al (Validation) 2017 —+:— 0.99 (0.98, 1.01) 34.36
i
Neighbors et al (Replication) 2018 —— 1.00 (0.99, 1.01) 55.76
Overall (I-squared = 37.4%) <> 1.00 (0.99, 1.01) 100.00
I I

Lower Risk Greater Risk

Figure 2-4 - Three month change in MMP-7 and mortality forest plot

A. Pooled hazard ratios with 95% confidence intervals per percent relative increase in MMP-7 from baseline to three-
months for A. Overall mortality and B. 12-month mortality. Study follow up time shown in months. n denotes the number of
deaths, and N represents the total number of participants included per study

2.3.2.4 Baseline MMP-7 and disease progression

Eight studies with 1338 participants were included in IPD meta-analysis exploring the
relationship between baseline MMP-7 and disease progression as defined by an FVC relative
decline 2 10% or death at 12 months. Following adjustment for age, sex, smoking status,
and baseline FVC, there was a 27% increased likelihood of disease progression for each
standard deviation increase in baseline MMP-7 (aOR 1.27, 95%Cl 1.11;1.46, 12°=5.9%).

Statistical heterogeneity was low, but meta-regression identified assay techniques (ELISA vs.
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other) to be a source of variation. Subgroup analyses were performed according to MMP-7

measurement assay, and in analyses restricted to studies utilising ELISA techniques, the

pooled odds ratio of disease progression was estimated as 1.56 per SD increase (95%Cl

1.26;1.82, 12=0%). Two studies could not be included in meta-analysis due to the

unavailability of IPD. In the first study including 211 participants with a median follow up of

19 months, baseline MMP-7 measurements above 3.8ng/mL were associated with an

increased risk of disease progression (aHR 2.2 95%Cl 1.4;3.7)?%. The other study including

57 participants found no association between MMP-7 and disease progression.

O/D

Study Year aOR (95% CIl)  Weight n/N
Hamai et al 2016 # 1.27 (0.52,3.11) 2.28 12/33
Rosas et al 2018 ~— 1.09 (0.61,1.95) 5.23 21/51
Tzouvelekis et al 2017 . * 1.61(1.01,2.57) 8.06 31/97
Mabher et al (Discovery) 2017 *> : 1.09 (0.72,1.65) 9.96 50/104
Oldham et al 2019 ——‘I— 1.25(0.86, 1.82) 11.89 63/123
Raghu et al 2018 : * 1.55(1.03, 2.33) 10.35 57/134
Mabher et al (Validation) 2017 ! * 1.66 (0.76, 3.66) 2.89 106/196
Clynick et al 2020 Jl—o— 1.82(1.24,2.68) 11.46 67/205
Neighbors et al (Test) 2018 —t— 1.18 (0.86, 1.61) 17.14 72/213
Neighbors et al (Replication) 2018 ——f— 1.00 (0.76, 1.32) 20.74 98/227
Overall (I-squared = 5.9%) 0 1.27 (1.11, 1.46) 100.00
| | |
.25 5 1 2 4
Lower Risk Greater Risk

Figure 2-5 - Disease progression forest plot.
Pooled odds ratios with 95% confidence intervals for risk of disease progression, per standard deviation increase in baseline

MMP-7. n denotes the number of progressors, and N represents the total number of participants included in the analysis
per study.
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Assay and Study Year

ELISA

Hamai et al 2016
Rosas et al 2018
Tzouvelekis et al 2017
Raghu et al 2018
Mabher et al (Validation) 2017
Clynick et al 2020

Subgroup (I-squared = 0.0%)

Non-ELISA

Mabher et al (Discovery) 2017
Oldham et al 2019
Neighbors et al (Test) 2018

Neighbors et al (Replication) 2018
Subgroup (l-squared = 0.0%)

Heterogeneity between groups: p = 0.013
Overall (I-squared = 5.9%)

t

—

_

——
1
—

——

<

%
aOR (95% CI)  Weight

1.27 (0.52,3.11) 228
1.09 (0.61,1.95) 523
1.61(1.01,257) 8.06
1.55 (1.03, 2.33) 10.35
1.66 (0.76, 3.66) 2.89
1.82(1.24,2.68) 11.46
1.56 (1.26, 1.92) 40.27

1.09 (0.72,1.65) 9.96
1.25(0.86, 1.82) 11.89
1.18 (0.86, 1.61) 17.14
1.00 (0.76, 1.32) 20.74
1.11 (0.94, 1.31) 59.73

1.27 (1.11, 1.46) 100.00

n/N

12/33
21/51
31/97
57/134
106/196
67/205

50/104
63/123
72/213
98/227

Figure 2-6 — Disease progression forest plot separated by ELISA and non-ELISA measurements.

Lower Risk

Greater Risk

Pooled odds ratios with 95% confidence intervals for risk of disease progression, per standard deviation increase in baseline
MMP-7. n denotes the number of progressors, and N represents the total number of participants included in the analysis

per study.

2.3.2.5 Baseline MMP-7 and change in FVC at 12 months

The association between baseline MMP-7 and FVC change over 12 months was examined in

six studies with 891 participants. Meta-analysis demonstrated there was a -0.85% relative

change in 12-month FVC percent predicted (95%Cl -1.65; -0.05, 1>°=0%) per standard

deviation increase in baseline MMP-7 after adjustment for age, sex, smoking status, and

baseline FVC.
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Effect size %

Study Year (95% ClI) Weight
Hamai et al 2016 ; * 4.24 (-3.51,11.99) 1.06
Maher et al (Discovery) 2017 — 0.37 (-2.80,3.54)  6.38
Maher et al (Validation) 2017 —— -2.13(-5.29,1.04) 6.38
Neighbors et al (Test) 2018 —0:—- -1.09 (-2.51,0.32) 31.88
Neighbors et al (Replication) 2018 —E—— -0.05(-1.49,1.38) 31.18
Oldham et al 2019 —_— -1.46 (-4.29,1.36) 8.02
Raghu et al 2018 —_—— -2.05(-4.72,0.61)  9.01
Rosas et al 2018 _ -1.97 (-5.21,1.27)  6.10
Overall (I-squared = 0.0%) 0 -0.85 (-1.65, -0.05)100.00
I I
-10.000 0.000 10.000
FVC decline FVC rise

Figure 2-7 - Relative change in FVC% percent predicted forest plot.

Pooled effect size with 95% confidence intervals for FVC% percent predicted relative change at 12 months, per standard
deviation increase in baseline MMP-7.

2.3.2.6 Change in MMP-7 over three months predicting disease progression

IPD to explore the relationship between change in MMP-7 over three months and disease
progression were available from three studies with 481 participants. No association with
disease progression was found (aOR 1.00 per percent increase, 95%Cl 0.99;1.01, 1?=22.5%),
after adjustment for confounding factors. There were insufficient studies to perform meta-
regression to identify sources of variation. Notably, in a study not included in meta-analysis,
a two-fold rise in MMP-7 over four months doubled the risk of disease progression?>.

Yo

Study Year aOR (95% Cl) Weight n/N
Rosas et al 2018 —_— 1.00 (0.97, 1.03) 3.70 20747
Mabher et al (Discovery) 2017 + 0.94 (0.89, 1.00) 0.89 30/57
Maher et al (Validation) 2017 — 1.00 (0.99,1.01)  21.57 88/172
Neighbors et al (Replication) 2018 } 1.00 (1.00, 1.00) 73.84 87/205
Overall (I-squared = 22.5%) <> 1.00 (0.99, 1.01)  100.00

I I

Lower Risk Greater Risk
Figure 2-8 — Three month change in MMP-7 and disease progression forest plot.
Pooled odds ratios with 95% confidence intervals for risk of disease progression, per percent relative increase in baseline

MMP-7 to three months. n denotes the number of progressors, and N represents the total number of participants included
in the analysis per study
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2.3.2.7 Change in MMP-7 over 3-months and 12-month FVC change

In four studies, change in MMP-7 over three-months was not associated with 12-month FVC
change (effect size 0.01% increase per percent MMP-7 increase, 95%Cl -0.07;0.08,

12=60.8%), after adjustment for age, sex, smoking status, baseline FVC, and baseline MMP-7.

Effect size %
Study Year (95% Cl) Weight
Maher et al (Discovery) 2017 \ - 0.31 (0.04, 0.57) 6.61
Maher et al (Validation) 2017 — —-0.06 (-0.14, 0.02) 29.99
Neighbors et al (Replication) 2018 {' —0.00 (-0.01, 0.00) 47.72

4
Rosas et al 2018 —_— 0.04 (-0.11,0.19) 15.68
Overall (I-squared = 60.8%) <> 0.01 (-0.07, 0.08) 100.00
I I
-0.500 0.000 0.500

FVC decline FVC rise

NOTE: Weights are from random-effects model

Figure 2-9 - Three month change in MMP-7 and 12m FVC relative change forest plot

Pooled effect size with 95% confidence intervals for relative change in FVC at 12 months, per percent relative increase in
baseline MMP-7 to three months.

2.3.2.8 Publication bias

Publication bias was assessed using visual inspection of funnel plots and Egger’s test where

at least ten studies were included in meta-analysis. For each of the outcomes assessed there

was no statistical evidence of publication bias.
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Figure 2-10 - Funnel plots for outcomes evaluated in baseline MMP-7 IPD meta-analysis.

A: overall mortality, B: 12-month mortality, C: Disease progression, D: Change in percent predicted FVC at 12 months.
Publication bias assessed using Egger’s test for outcomes with at least ten studies, and p values presented next to funnel

pot.
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Figure 2-11 - Funnel plots for outcomes evaluated for three-month change in MMP-7 IPD meta-analysis.

A: overall mortality, B: 12-month mortality, C: Disease progression, D: Change in percent predicted FVC at 12 months.

2.3.2.9 GRADE

GRADE was used to rate the confidence in each of the outcomes assessed. Findings for the
relationship between baseline MMP-7 and overall mortality are rated with moderate
certainty. IPD enabled standardisation of exposure and outcome variables, and consistent
adjustment for covariates. Follow up time in all studies were sufficiently long to enable
death to occur. The direction of effect was similar in the majority of studies, although
differences in the magnitude of effect were seen. There was substantial heterogeneity

leading to a downgrading of the certainty of evidence to moderate. Estimates for three-
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month MMP-7 change and mortality are similarly rated with moderate certainty due to
substantial heterogeneity, but also wide confidence intervals in individual studies suggesting

summary estimates were imprecise.

Disease progression outcomes are rated with high certainty for both baseline and three-
month change in MMP-7. Definitions of disease progression were standardised across the
studies, the risk of bias in studies was low, narrow confidence intervals in individual studies
did not suggest imprecision, no significant heterogeneity was noted, and there was no
evidence of publication bias. Change in FVC at 12-month estimates are rated with high
certainty for baseline MMP-7 measurements and moderate certainty for three-month
change in MMP-7. The downgrading of the latter was primarily due to significant statistical

heterogeneity in the pooled estimate.

2.3.3 Conclusion

This is the first meta-analysis to utilise robust IPD methodology to explore the association
between MMP-7 and clinical outcomes in IPF. This review demonstrates baseline MMP-7
measurements, but not three-month change in MMP-7, accurately predict mortality and
disease progression in IPF after adjustment for important covariates. Further study should

focus on exploring the prognostic role of MMP-7 in fibrotic ILDs other than IPF.
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2.4 Discussion

241 MMP-7

Meta-analysis was only possible for studies evaluating MMP-7 as a prognostic biomarker,
and therefore IPD was sought for this biomarker specifically, representing the first study to
adopt such methodology in IPF blood biomarker studies. The key findings from this review
demonstrate MMP-7 levels measured at baseline predict all-cause mortality and disease
progression and correlate with FVC change over 12 months. With each standard deviation
increase in baseline MMP-7 measurements, overall mortality risk increased by 23% and
there was a 27% increased likelihood of disease progression. MMP-7 levels did not change
significantly over three-months, and although the number of included studies were limited,
there did not appear to be a relationship between longitudinal MMP-7 change and clinical
outcomes. However, of the three studies where IPD was not available, one study did suggest
that a rise in MMP-7 over three-months was associated with an additionally increased risk
of disease progression beyond that of participants with high but stable MMP-723>, These
findings require further study but suggest when MMP-7 does indeed rise over three-
months, it may suggest a particularly poor prognosis. Heterogeneity was noted in estimates
for multiple outcomes, with meta-regression indicating measurement assays (ELISA vs.
other) were a significant source of variability. GRADE is used to assess the certainty of
findings, with mortality estimates rated as moderate certainty and disease progression and

change in FVC estimates with high certainty.

An understanding of the role of metalloproteinases (MMPs) in IPF is crucial to

understanding the implication of these data. MMPs are zinc-containing endopeptidases that
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degrade all components of the extracellular matrix (ECM), but are also understood to be
pivotal in regulating other processes including growth factors and proteins related to
inflammation and repair?83. 23 MMP genes in total have been identified in humans and can
be classified by their in-vitro substrate specificity into seven groups. Although MMPs are
highly expressed in fibrotic lungs, their dominant cellular expression (epithelial cells,

fibroblast, macrophage, or fibrocyte), and their activity (profibrotic or antifibrotic) can vary.

MMP-7 also known as matrilysin, is a profibrotic metalloproteinase secreted by exocrine
and dysfunctional mucosal epithelial cells in numerous organs including the skin, lungs, liver
and intestines?®4. The primary responsibility of MMP-7 includes degrading extracellular
matrix components including collagen, fibronectin, gelatins, and proteoglycans, activating
other bioactive substrates such as cytokines and chemokines, and inducing epithelial-
mesenchymal transition?%. Thus, MMP-7 plays a pivotal role in the regulation of wound
healing, aging, bone growth, and signalling pathways that are involved in cell growth,
inflammation, and angiogenesis?®®. Under normal physiological conditions, MMP-7
expression is tightly regulated, but activity increases in response to wound damage to
enable repair and remodelling. In the lungs specifically, MMP-7 is localised in the activated

alveolar and bronchiolar epithelial cells?8®

, with activity uncontrollably increased in IPF,
resulting in activation of numerous profibrotic mediators including TGF-f3, extracellular
matrix remodelling and irreversible tissue damage. Though the role MMP-7 is likely to be

287

pleiotropic*®’, increased expression in IPF would be consistent with increased disease

activity and fibrogenesis, supporting its role as a potential prognostic biomarker in IPF.
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Limited retrospective studies evaluating the role of MMP-7 in other lung fibrotic diseases
have reported similar findings. In a cohort of mixed ILD, baseline MMP-7 were associated
with reduced survival in HP and unclassifiable ILD, but not in individuals with CTD-ILD,
suggesting MMP-7 may represent a biomarker of progressive lung fibrosis irrespective of
aetiology?®8. This was supported in a more recent study of SSc-ILD where baseline MMP-7
levels were associated with poorer baseline lung function and an increased risk of death or
lung transplant?®, Studies in non-pulmonary clinical conditions characterised by fibrosis
such as chronic kidney disease and liver cirrhosis have similarly observed elevated blood
MMP-7 levels, that are associated with increased fibrosis, suggesting MMP-7 may help

identify a common final fibrotic pathway shared across organs and fibrotic diseases?° 291,

These findings, supported by evidence from animal studies where MMP-7 knockout mice
were protected from pulmonary fibrosis following administration of bleomycin suggest that
MMP-7 may be a potential therapeutic target?®?. Notably, in a small open-label trial of seven
patients with IPF, the daily use of doxycycline, which is understood to be a non-specific
MMP inhibitor, was associated with significantly reduced disease progression?®. However,
the pleiotropic properties of MMP may make direct systemic inhibition a problematic
therapeutic strategy for IPF. Previous studies of broad-spectrum metalloproteinase
inhibitors in various cancers have yielded unsatisfactory results, with poor efficacy and
dose-limiting musculoskeletal pain a problematic side effect?®’. Thus, the development of
inhibitors with greater specificity for individual MMPs coupled with selective lung targeting

might hold more potential for the management of fibrotic lung diseases.
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2.4.2 Other serum biomarkers

Systematic review of the remaining 15 blood biomarkers indicated several associations
between baseline biomarkers and outcomes including mortality and disease progression,
though replication of effects were weak. Several biomarkers including CCL-18, CXCL-13 and
ICAM-1 and KL-6 were replicated as predictors of mortality, and SP-D, KL-6, CA19-9, LOXL2,
periostin, CCL-18, IL-8, and ICAM-1 as predictors of disease progression. These biomarkers
represent various pathogenic pathways, supporting the role of a complex interplay between
epithelial cell dysfunction, matrix turnover and immune dysregulation in the pathogenesis
of IPF. In the limited number of studies that assessed dynamic short-term changes in
biomarker concentrations over three-months, no biomarker was replicated as a predictor of
mortality or disease progression, other than CA19-9 in the PROFILE study. Further study is
warranted, but these findings suggest blood biomarker concentrations may not change
longitudinally, or alternatively a duration of three-months may be too short to track

biomarker change in relation to disease progression and mortality.

2.4.3 Limitations of included studies

This review highlights limitations in included studies, with significant heterogeneity in
methodology and analyses, resulting in inconsistent findings. Though the review focussed
on prospective studies, many of the included studies did not include prespecified statistical
power calculations, and offered insights based on relatively modest sample sizes. It was
unclear whether non-significant biomarkers findings were due to a lack of association, or
insufficient power to detect an effect. Numerous studies utilised biomarkers thresholds that

were chosen based on the available data to maximise effect sizes. Thresholds were not
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uniform across studies limiting the possibility of combining summary estimates.
Furthermore, summary estimates were unadjusted or only partially adjusted in many
studies. Bioanalytic methods to quantify biomarkers varied across studies, with few
reporting details of sample collection, processing and storage, and details of quantification
assays including their measure of precision. Inter and intra-individual biological variability
are known to confound biomarker studies and further research should focus on
standardising blood biomarker studies in IPF. For MMP-7 specifically, analysis of IPD
overcame some of these limitations by analysing biomarker levels as continuous variables
converted to z-scores to minimise assay variability, supported the standardisation of

outcomes, and enabled estimates to be adjusted for a consistent of confounders.

2.4.4 Limitations of review

The findings of this study should be contextualised alongside its limitations. IPF diagnostic
criteria have evolved over the past three decades, and therefore earlier studies in the
formerly known cryptogenic fibrosing alveolitis (CFA) were ineligible for inclusion. Similarly,
studies reporting outcomes in mixed populations of fibrotic ILDs, rather than IPF alone were
excluded, and therefore findings should not be extrapolated to non-IPF ILD without further
study. Applying strict inclusion criteria, to only include studies evaluating blood biomarkers
in individuals with untreated and well-characterised IPF diagnosed according to
international consensus guidelines, increases the robustness and generalisability of the
study’s findings to this group. The findings of this review will be evaluated separately in
well-defined participants with non-IPF fibrotic ILD as part of the INJUSTIS study (described in

Chapter 5). Furthermore, the exclusion of treated individuals with IPF limits the opportunity
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to explore the prognostic and theranostic value of MMP-7 in those receiving anti-fibrotic
therapy. Further limitations include the exclusion of two articles unavailable in the English
language, which could not be translated to assess their suitability. Whilst the search criteria
included preprint servers, there are likely to be unpublished negative biomarker studies that
are unavailable, and the exclusion of such studies has the potential to bias the findings of
this review towards a positive association between biomarkers and clinical outcomes.
Publication bias was not detected in MMP-7 meta-analysis, but some outcomes included
fewer than ten studies, limiting the power of the Egger’s test to detect the presence of
publication bias, and therefore the findings should be interpreted with caution. IPD could
not be obtained for three out of twelve suitable studies raising the possibility of availability
bias, but a comparison of methodological and participant characteristics, alongside
summary results did not reveal obvious differences compared with the included studies.
Nonetheless, narrative findings from these studies were included. Lastly, there was
significant statistical heterogeneity in some of the outcomes which could not be explained

by the factors assessed.

2.4.5 Future direction

This review identifies numerous priorities for further blood biomarker research in IPF.
Rigorously designed longitudinal studies with published protocols of planned methodology
and analysis plans are necessary, and sample size calculations including the use of discovery
and validation cohorts to replicate findings, should underpin all further blood biomarker
research. Biomarker assays should be standardised to enable study and results comparisons.

Furthermore, biomarkers representing various pathogenic pathways should be combined in
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future studies to increase our understanding of IPF pathogenesis and assess whether
combinations of biomarkers increase the specificity and sensitivity for predicting disease
outcomes. MMP-7 change following initiation of anti-fibrotic therapy may represent a
biomarker of treatment response and predict an earlier response to pharmacotherapy than
more conventional methods. Further research should examine the relationship between
anti-fibrotic therapy and MMP-7. Moreover, the potential role of MMP-7 as a therapeutic
target requires greater understanding and this should be prioritised for future research. The
utility of blood biomarkers showing potential in IPF should ultimately be explored in well-
defined individuals with non-IPF fibrotic ILD, where there are likely to be mechanistic
similarities and common fibrotic pathways. From a clinical perspective, MMP-7 should be
considered for implementation as a prognostic tool, especially when lung physiology tests

are contraindicated or unavailable.

2.5 Summary

This review summarises the evidence for several blood biomarkers representing various
pathogenic pathways that may have prognostic potential in IPF. The application of robust
methodology to synthesise IPD from studies evaluating MMP-7 demonstrates baseline
MMP-7, but not three-month change in MMP-7 predicts overall mortality and disease
progression in untreated IPF irrespective of other factors such as age, sex, and lung function.
The evidence for the clinical adoption of other biomarkers is currently insufficient, though
several biomarkers show promise, and further well-designed studies are warranted. As
further studies become available, quantitative synthesis using an IPD approach should be

strongly considered to produce more reliable results.
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Chapter 3 Evidence synthesis of blood biomarker directed
intervention for severe acute respiratory syndrome, a
contemporary example

3.1 Introduction

The clinical manifestations of SARS-CoV-2 range from asymptomatic disease to respiratory
failure and death. Although the pathology is poorly understood, SARS-CoV-2 infection is
thought to trigger a dysregulated host immune response associated with the release of
multiple cytokines and chemokines, referred to as the “cytokine storm syndrome” (CSS)%°*.
Interleukin-1 (IL-1) and Interleukin-6 (IL-6) are the among the most important pro-
inflammatory cytokines released during the cytokine storm, activating numerous other
cytokines and stimulating several downstream pathways?®>, leading to acute lung injury.
Identifying individuals likely to develop cytokine storm syndrome and thus acute lung injury
remains elusive and has led to considerable interest around IL-1 and IL-6 as potential

prognostic biomarkers and renewed interest in therapies targeting blood cytokines.

Severe COVID-19 shares several parallels with IPF, and the role of interleukins have been
well described in IPF pathogenesis?®®. IL-1 is understood to regulate inflammation and
fibrosis by stimulating fibroblasts to synthesise collagen and help induce EMT 2°’, Elevated
serum concentrations of IL-6 have been reported in individuals with acute exacerbations of
IPF?%8, and appears to predict disease progression in SSc-ILD?°, The use of tocilizumab which
is known to be an IL-6 inhibitor has been demonstrated to slow the rate of decline in
pulmonary function in SSc-ILD3%. These findings suggest both IL-1 and IL-6 may be shared

therapeutic targets in COVID-19 and ILD, whilst also carrying potential as prognostic
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biomarkers. Other than improving short-term outcomes in COVID-19, inhibiting IL-1 and IL-6

may prevent post-COVID-19 fibrosis, with further research urgently warranted.

In this chapter | summarise the evidence for managing severe COVID-19 with monoclonal
antibodies that target IL-1 (anakinra) and IL-6 (tocilizumab, sarilumab, siltuximab). The key
aim is to evaluate the role of interleukin-targeted therapies, to ascertain whether these
blood biomarkers hold potential as therapeutic targets. Cytokine-suppression and the
utilisation of a blood biomarker-guided approach to managing COVID-19 is likely to aid our
understanding of precision medicine, whilst also informing further research in pulmonary
fibrosis. Importantly, future research will determine the influence of interleukin inhibitors
on the development of post-COVID-19 fibrosis. This study was performed during the peak of
the COVID-19 pandemic before the approval of IL-6 inhibitors for the treatment of COVID-
19. The study protocol can be found on PROSPERO (registration number: CRD42020176375),
and the key findings from this chapter have been published as a manuscript “Systematic
review and meta-analysis of anakinra, sarilumab, siltuximab and tocilizumab for COVID-19”

in Thorax391.

3.1.1 Aims of study

1) To critically appraise the role of a blood biomarker driven therapeutic strategy

2) To assess the role of blood interleukins as prognostic biomarkers in COVID-19

3) To assess the effectiveness of interleukin inhibitors for managing severe COVID-19
4) To use findings to inform research around blood biomarker guided therapies in

pulmonary fibrosis

91



3.2 Methods

3.2.1 Eligibility criteria

Original studies evaluating the use of IL-1 and IL-6 inhibitors in suspected or confirmed
COVID-19, specifically anakinra (IL-1 inhibitor) and tocilizumab, sarilumab and siltuximab (IL-
6 inhibitors) were eligible for inclusion. Studies were restricted to those exploring outcomes
in adults only. All prospective studies were included, and no minimal study sample size was
specified. Due to the associated risk of bias, case reports and single-arm retrospective
studies were ineligible for inclusion. No restrictions on language or year of publication were

applied.

3.2.2 Search strategy and study selection

Electronic database searches including MEDLINE (1946 to latest) and EMBASE (1974 to
latest) were searched on 7t January 2021. Pre-print servers including bioRxiv and medRxiv
were searched to identify unpublished studies. Search parameters included keywords and
alternate terms for COVID-19, interleukin inhibitors, and the specific agents under
investigation. Two reviewers carried out the searches independently, followed by screening

of titles and abstracts, before full text review

3.2.3 Data extraction

Data were extracted from included studies using a data-extraction proforma and verified by
a second reviewer. Extracted information comprised study details including study design,

country of study, sample size and duration of follow up; participant demographics;
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intervention characteristics including name of agent, administered dose and route); clinical
outcomes including duration of hospital stay, requirement and duration of invasive and non-
invasive ventilation, duration of oxygen therapy and survival outcomes; treatment
characteristics including adverse events. Where reported, ordinal outcomes were extracted

at timepoints closest to day 15 following therapeutic intervention.

3.2.4 Risk of bias assessment

Due to heterogeneity in study designs, several tools available through the National Institute
of Health were applied to assess the risk of bias%2. All tools graded the overall quality as
either good, fair, or poor. The Cochrane risk-of-bias tool (RoB2) was applied specifically to
randomised studies3%3. Studies were eligible for inclusion regardless of their risk of bias
rating. The overall quality of evidence for each outcome was rated using GRADE (Grading of

Recommendations, Assessment, Development and Evaluations)?34.

3.2.5 Analysis

Two primary endpoints were selected based on their clinical usefulness. The first was
duration of hospitalisation, which was extracted and differences in the duration of hospital
stays between participants in the intervention and placebo arms calculated and pooled.
Studies only reporting the median and interquartile range of duration of hospitalisation
were converted to mean and standard deviation estimates using the Box-Cox method3%4,
The other primary endpoint was severity on an ordinal scale at day 15 following
intervention. The ordinal scale was adapted to a four-point scale: i) death; ii) advanced

ventilatory support with either invasive mechanical ventilation (IMV) or Extra Corporal
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Membrane Oxygenation (ECMO); iii) hospitalised but not requiring advanced ventilatory
support; iv) discharged. The number of participants meeting each outcome were pooled
using rank-based Wilcoxon Mann Whitney tests, to provide a generalised odds ratio
(GenOR). The GenOR estimates the likelihood of a better outcome between randomly
selected paired observations representing two ordinal categorical variables, in this case

intervention and placebo3%.

Overall mortality and mortality at 28 days were chosen as key secondary endpoints, as they
have obvious clinical relevance. Hazard ratios where available, and proportions of
individuals alive or dead were extracted from studies to enable calculation of unadjusted
relative risk ratios. Where data were reported in figures without tabular format, values were

extracted using a digital plot analyser3%. Treatment related adverse events were extracted.

Quantitative synthesis was performed using random effects meta-analysis and data were
presented in forest plots, stratified by retrospective or prospective study design. For all
analyses performed, the |? statistic was estimated to detect the presence of statistical
heterogeneity and meta-regression was applied to explore variability. Factors assessed in
meta-regression included study design (whether single-centre or multi-centre), the inclusion
of non-peer reviewed manuscripts, studies where participants received concomitant
steroids, the route of drug administration, and outcome measurement day. Publication bias
was assessed using funnel plot analysis and Egger’s test where there were sufficient studies.
Prospective studies without a control arm were included in the narrative summary, but not

in quantitative analysis.
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3.3 Results

A total of 2585 studies were retrieved following electronic database search, and 576 studies

were identified through preprint servers. Following removal of duplicates, title and abstract

screening and full text review, 71 articles were shortlisted for inclusion. Most studies were
in individuals who received tocilizumab (n=58), with anakinra evaluated in six studies,
sarilumab in four studies, and siltuximab in one study. A single study investigated both

anakinra and tocilizumab, and another study investigated both sarilumab and tocilizumab

(Figure 3-1).
c Records identified through Additional records identified
-2 database searching (n = 2585) through preprint servers (bioRxiv,
b MEDLINE (n=903) medRxiv) (n = 576)
“.E EMBASE (n = 1682)
o
3
. Records after duplicates removed
(n=2562)
o0
£
s v Records excluded
Q
5 (n=2464):
v Records screened | Excluded on titles (n = 2243)
(n=2562) Exclude on abstracts (n = 221)
—_— Full-text articles excluded
y (n=27)
Full-text articles assessed Patient outcomes not
> PRI >
£ for eligibility > reported (n = 2)
=2 (n=98)
%" Long term drug therapy
preceding Covid-19 diagnosis
\4 (n=1)
Studies included in Other drug studied (n = 2)
— qualitative synthesis Review article (n = 2)
(n=71)
Retrospective without control
° Anakinra (n = 6) group (n =20)
3 Tocilizumab (n = 58)
E Sarilumab (n = 4)
Siltuximab (n = 1)
Tocilizumab and Anakinra
- (n:l)
Tocilizumab and
Sarilumab (n=1)

Figure 3-1 - Flow diagram illustrates number of studies meeting eligibility criteria and numbers excluded.
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Most studies (62/71) were published in peer-reviewed journals, and a further nine studies

were available through preprint servers only. Of the 71 studies, 29 were prospective and 42

were retrospective studies with control arms. Of the prospective studies, 17 studies had a

control arm, and six of these were randomised trials (Figure 3-2).

Published studies Preprint studies
(n=62) (n=9)

N

All studies
(n=71)

O\

Prospective studies Retrospective studies
(n=29) (n=42)

N

Control arm No control
(n=17) arm (n=12)

O\

Randomised
studies (n = 6)

Non-randomised

(n=12)

Figure 3-2 - Included studies stratified by study design

A total of 22,058 participants were included in the systematic review of which 7328 (33%)

received intervention and the remaining 14730 (67%) were assigned to standard care alone.

Study characteristics of included studies are included in Table 3-1, and detailed individual

study results are provided in the appendix.
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Author, year Drug N, Tx/ Study Centre  Study design Author, Drug N, T/ Study Centre Study design Author, Drug N,Tx/ Study Centre Study design
Control country year Control country year Control country
Prospective Prospective
Balkhair 307 A 45/24 Oman sC rospectiv Roumier3 T 49/47 France sC rospectiv Kimmig3® T 54/57 USA sC Retrospective
with control with control
Prospective 249/ Double blind Klopfenste .
310 311
Huet A 52/44 France SC with control Salama T 178 USA MC RCT in 312 T 20/25 France SC Retrospective
Kooistra 313 A 21/39 Netherla ) Prospective | o | aranidte T 60/63 Italy MC  Open label RCT | Lewis 315 T 497/497 USA MC  Retrospective
nds with control
*Kyriazopoulou . *Sanchez- . . Martinez- . .
316 A 130/130 Greece MC Prospective Montalva 317 T 82/0 Spain SC Prospective Sang 318 T 260/969 Spain MC Retrospective
Cauchois 312 A 12/10 France MC Retrospective Sciascia 320 T 63/0 Italy MC Prospective Narain 321 T 73/3076 USA MC Retrospective
161 Double blind
Cavalli 322 A 29/16 Italy SC Retrospective Stone 32 T 82/ USA MC " RCT : Nasa 324 T 22/63 India MC Retrospective
Narain 321 A 57/3076 USA MC  Retrospective Stm;kfh” T 32/41 USA sC o;:ss‘lz;el Patel 326 T  60/1505 USA sC Retrospective
Benucci 377 Sa 8/0 Italy SC Prospective Toniati 328 T 100/0 Italy SC Prospective * Petrak3?® T 81/37 USA MC Retrospective
Prospective . 210/ . . .
Della-Torre 330 Sa 28/28 Italy SC . Biran 331 T USA MC Retrospective Pettit 332 T 42/41 USA SC Retrospective
with control 420
* Gordon, 2021 . g . 335 :
333 Sa 45/397 UK MC Adaptive RCT | Canziani T 64/64 Italy MC Retrospective Potere T 74/74 Italy SC Retrospective
. . *Ramaswa .
Gremese 336 Sa 53/0 Italy SC Prospective Capra 337 T 62/23 Italy SC Retrospective my 3% T 10/10 USA MC Retrospective
. . . . 83/ . Rodriguez- ) .
Sinha 33° Sa 255/0 USA SC Prospective Chillmuri 275 T 685 USA SC Retrospective Bano 30 T 21/65 Spain MC Retrospective
L. . Prospective . R Rojas- X
* 341 342
Gritti Si 30/30 Italy SC with control De Rossi T 90/68 Italy SC Retrospective Marte33 T 88/344 USA SC Retrospective
- Prospective . . . .
Albertini 344 T 22/22 France SC with control Eimer 345 T 22/22 Sweden SC Retrospective Roomi 346 T 96/97 USA SC Retrospective
Antony 347 T 80/0 USA MC Prospective Fisher 348 T 45/70 USA SC Retrospective Rosas, J.34? T 20/17 Spain SC Retrospective
. . . Galvan . . . .
Campins 350 T 58/0 Spain SC Prospective Roman 351 T 58/88 Spain SC Retrospective Rossi 352 T 84/84 France SC Retrospective
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Prospective

*Carvalho 353 29/24 Brazil SC with control *Garcia 34 77/94 Spain SC Retrospective | Rossotti 35° 74/148 Italy SC Retrospective
Ruiz-
Dastan 36 42/0 Iran SC Prospective Gokhale 357 70/91 India SC Retrospective AntourI:n353 268/238 Spain MC Retrospective
179
* Gordon 333 350/397 UK MC Adaptive RCT | Guaraldi3%° 365/ Italy MC Retrospective Somers 360 78/76 USA SC Retrospective
Hermine 361 63/67 France MC Ope;c-!?bel 3:;?32; 143725/ Spain SC Retrospective Tian 363 65/130 China MC Retrospective
433
Malekzadeh 364 126/0 Iran MC Prospective Gupta 365 3492 USA MC Retrospective Tsai 366 66/66 USA SC Retrospective
Mikulska 367 29/66 Italy sC Vi:f;izitt';’; Hill 368 43/45 USA sC Retrospective | *Wadud3® 84/84 USA sC Retrospective
Morena 370 51/0 Italy SC Prospective Holt 371 24/30 USA SC Retrospective Zheng 372 92/89 China SC Retrospective
Perrone 373 708/481 Italy MC Zg’fr:elsgz Ip 374 134/413 USA MC  Retrospective
*Rosas 375 294/144 USA MC DOUbRIETb"”d Kewan 376 28/23 USA sC Retrospective

Table 3-1 - Included studies with study characteristics.

Sample size for treatment (Tx) and control group (control) shown. * non peer-reviewed preprint study; #, study investigating both anakinra and tocilizumab; A, anakinra; Sa, sarilumab; Si,
siltuximab; T, tocilizumab; SC, single-centre; MC, multi-centre. All studies published in 2020 unless otherwise stated.
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3.3.1 Risk of bias assessment

Several biases and limitations were identified using risk of bias assessment tools. In most
studies the study population was clearly defined using specific inclusion and exclusion
criteria, and in studies with a control arm, participants were typically selected from the
same population. Details of interventions were lacking in several studies, with doses and
drug regimens not clearly reported. Endpoints were inconsistent and included ordinal
scales, mortality, or duration of hospitalisation. Sample size justifications were rarely
provided in the included studies, and details of statistical analyses were variably reported. In
the majority of studies, participants were administered concomitant therapies including
corticosteroids, antivirals, and antibodies, limiting the ability to discern whether the
intervention under investigation was related to the outcome (Figure 3-3). Following a formal
risk of bias assessment, 23 (32%) studies were rated as good, 37 (52%) fair and 11 (15%)
poor. Publication bias, assessed by observation of funnel plots and Egger’s test, was not

present for any of the outcomes assessed.
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Figure 3-3 - Summary of risk of bias assessment

A - Randomised clinical trials assessed using Cochrane risk of bias 2 tool (n=6). Risk of bias was assessed in six categories and scored as
either low risk of bias, some concern, or high risk of bias, before an overall risk of bias was given to each study. B - Non-randomised
prospective studies (n=23). Questions numbered in the first column. 1. Was the research question or objective in this paper clearly stated?
2. Was the study population clearly specified and defined? 3. Was the participation rate of eligible persons at least 50%? 4. Were all the
subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria
for being in the study prespecified and applied uniformly to all participants? 5. Was a sample size justification, power description, or
variance and effect estimates provided? 6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s)
being measured? 7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and
outcome if it existed? 8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to
the outcome (e.g., categories of exposure, or exposure measured as continuous variable)? 9. Were the exposure measures (independent
variables) clearly defined, valid, reliable, and implemented consistently across all study participants? 10. Was the exposure(s) assessed
more than once over time? 11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented
consistently across all study participants? 12. Were the outcome assessors blinded to the exposure status of participants? 13. Was loss to
follow-up after baseline 20% or less? 14. Were key potential confounding variables measured and adjusted statistically for their impact on
the relationship between exposure(s) and outcome(s)? C - Summary of risk of bias assessment for retrospective studies (n=42). Questions
numbered in first column. 1. Was the research question or objective in this paper clearly stated and appropriate? 2. Was the study
population clearly specified and defined? 3. Did the authors include a sample size justification? 4. Were controls selected or recruited from
the same or similar population that gave rise to the cases (including the same timeframe)? 5. Were the definitions, inclusion and exclusion
criteria, algorithms or processes used to identify or select cases and controls valid, reliable, and implemented consistently across all study
participants? 6. Were the cases clearly defined and differentiated from controls? 7. If less than 100 percent of eligible cases and/or controls
were selected for the study, were the cases and/or controls randomly selected from those eligible? 8. Was there use of concurrent controls?
9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the condition or event that defined a
participant as a case? 10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently (including the
same period) across all study participants? 11. Were the assessors of exposure/risk blinded to the case or control status of participants? 12.
Were key potential confounding variables measured and adjusted statistically in the analyses? If matching was used, did the investigators
account for matching during study analysis?
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3.3.2 Tocilizumab

Twenty prospective studies, of which eight had a control arm, and a further 40 retrospective
studies of tocilizumab were identified, reporting outcomes from a total of 20,972 patients,
of whom 6563 (31%) received tocilizumab. Inclusion criteria varied across the studies,
frequently necessitating respiratory failure and laboratory evidence of hyperinflammation
typically defined as an elevated CRP, with fewer studies measuring IL-6. Dosages of
tocilizumab were not entirely consistent with intravenous 8mg/kg or 400mg the most

studied route and dose.

12 studies with 1782 patients provided ordinal outcome data adapted to a four-point scale.
The median time for reporting outcomes following intervention was 14 days (IQR 14-28). In
the REMAP-CAP RCT, tocilizumab was associated with clinical improvement at day 14 (aOR
1.83 95%Cl 1.40;2.41)333, whilst in a separate RCT, tocilizumab did not alter ordinal severity
outcomes (HR 1.06 95%Cl 0.80;1.41)3%3. Neither of these RCTs were included in meta-
analysis due to differences in statistical methodologies and clinical endpoints. In meta-
analysis of the remaining prospective studies (Figure 3-4), tocilizumab was not associated
with better outcomes on an ordinal scale (GenOR 1.09 95% Cl 0.99;1.19, 12 = 84.3%). In
retrospective studies, tocilizumab was associated with better outcomes indicating a 34%
greater chance of less-severe outcomes compared with control patients (GenOR 1.34 95% ClI
1.10;1.64, 1= 98%). These results should be interpreted with caution due to severe

heterogeneity which could not be explained by variability in the factors assessed.
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GenOR (95% CI)

0.83 (0.69, 1.01)
1.94 (1.18, 3.19)
1.48 (1.39, 1.58)
1.17 (1.14, 1.20)
2.29 (2.00, 2.62)
1.09 (0.98, 1.22)
0.84 (0.80, 0.89)
2.25 (1.79, 2.83)
1.34 (1.10, 1.64)

0.99 (0.80, 1.23)
1.18 (1.10, 1.27)
0.97 (0.90, 1.05)
1.15 (1.13, 1.18)
1.09 (0.99, 1.19)

Weight

12.44
7.48
13.82
13.97
13.17
13.45
13.87
11.80
100.00

11.68
27.83
27.29
33.20
100.00

n/N

28/51
10/20
78/154
88/432
62/85
43/88
92/181
22/44

22/44
63/130
60/123
286/430

Day

14

14
21
28
28
28

14
14
14
28

Author Year
Retrospective
Kewan 2020 —
Potere 2020 _—
Somers 2020 -
Rodriguez-Bano 2020 *
Capra 2020
Hill 2020 ina
Zheng 2020
Eimer 2020
Subtotal (I-squared = 98.0%, p = 0.000) <>
Prospective
Albertini 2020 —_—
#Hermine 2020 =
#Salvarani 2020 -
#'Rosas 2020 *
Subtotal (l-squared = 84.3%, p = 0.000) K>
NOTE: Weights are from random effects analysis

|

5 1

Favours Control  Favours Tocilizumab

Figure 3-4 -Forest plot demonstrating comparing tocilizumab with placebo for ordinal outcomes using generalised odds

ratios (OR)

Generalised OR shown for each study with 95% confidence interval and day at which ordinal outcome recorded. Sample
sizes given for patients receiving intervention (n) alongside total included (N) in study. Summary estimates presented
separately for prospective and retrospective studies. * non peer-reviewed preprint studies; # randomised controlled trials

The duration of hospitalisation was reported for a total of 1553 survivors in two RCTs and

nine retrospective studies. Meta-analysis of retrospective studies showed no difference in

the mean duration of hospital stay compared with controls who received standard of care

alone (0.36 days 95% Cl -0.07;0.80, 12 = 93.8%), with variability in route of administration

(intravenous or subcutaneous) associated with heterogeneity (R? = 81.64%, p<0.001).

The risk ratio (RR) for unadjusted mortality data was available for 15,085 patients across 42

studies, which included six RCTs. Tocilizumab was associated with a 17% lower unadjusted

risk of mortality compared with the control arm in prospective studies (RR 0.83 95%Cl
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0.72;0.96, 1= 0.0%), which did not reach statistical significance in RCTs alone (RR 0.85

95%Cl 0.71;1.01 1= 0.0%) (Figure 3-5). In meta-analysis of retrospective studies, tocilizumab

was associated with a 24% lower risk of mortality (RR 0.76 95%Cl 0.64;0.92, 1> = 80.3%)

(Figure 3-6), although there was substantial heterogeneity which could not be explained by

variability in the factors assessed. The combined case fatality rate (CFR) across all studies

was 21.2% (1118/5284) in the intervention arm and 31.1% (3049/9801) in the control arm

(p<0.001).

Author

Prospective
#Hermine
#Salvarani
#Stone
*#Rosas,|.
#Salama
*#Gordon

Subtotal (I-squared = 0.0%, p = 0.721)

NOTE: Weights are from random effects analysis

Year

2020
2020
2020
2020
2020
2021

R S E—

RR (95% Cl)

1.24 (0.4, 3.49)
1.05 (0.07, 16.41)
1.4 (0.40, 5.17)
0.87 (0.58, 1.33)
1.22 (0.62, 2.38)
0.78 (0.63, 0.97)
0.85 (0.71, 1.01)

%
Weight

2.96
0.42
1.94
18.18
7.02
69.48
100.00

n/N

63/130
60/123
156/231
294/438
249/377
350/747

Day

14
14
28
28
28
NR

-
-
*>

I

1

1020

Figure 3-5 — Forest plot showing mortality risk ratios for tocilizumab RCTs alone.

Risk ratios with associated 95% confidence interval and day of censorship presented for each study. Sample sizes given for
patients receiving intervention (n) and total included in study (N). Summary estimates presented separately for prospective
and retrospective studies. * non peer-reviewed preprint studies NR, not reported
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Auther Year RA (96% CI) Weight nN Day
Retrospective
Martnez-Sanz 2020 < 1.89 (1.44, 250) 482 26011229 5
Patel 2020 —— 0.80 (0.37, 1.72) 278 4283 7
*Ramaswamy 2020 — 1.14 (0.33, 3.92) 1.58 21/85 7
Capea 2020 —— 0.07 (0.02, 0.28) 127 6285 a
Guaraldi 2020 —— 0.31 (0.16, 0.60) a2 1791544 14
Kewan 2020 —_—— 1.23 (0.22, 6.76) 096 2851 14
Zheng 2020 —d  8.71(1.13, 67.32) 0.70 921181 18
Rulz-Antoran 2020 -+ 0.53 (0.38, 0.74) 4.62 268/506 18
Racriguez-Bano 2020 — 0.19 (0.05, 0.77) 13 84432 21
Biran 2020 * 0.80 (0.68, 0.93) 520 2100630 22
Gupta 2020 * 0.71 (0.61, 0.83) 521 432/3925 27
Hil 2020 0.63 (0.31, 1.28) 298 43588 28
Nasa 2020 —— | 0.16 (0.04, 0.61) 1.40 2285 28
Somers 2020 - 0.49 (0.28, 0.85) a6t 78164 28
Canzlani 2020 - 0.71 (0.42, 1.19) 3.79 64/128 30
De Rossi 2020 —— 0.16 (0.07, 0.33) 288 90/158 30
Eimar 2020 —J— 0.71 (0.27, 1.91) 212 22/44 30
Fisher 2020 - 0.72 (0.42, 1.24) aes 45116 a0
Rosas, J 2020 — 0.57 (0.19, 1.68) 187 20037 30
Gokhale 2020 L 0.70 (0.53, 0.94) 478 701161 a
Galvan-Roman 2020 —— 1.33 (0.70, 251) 328 581146 61
Guisado-Vasco 2020 + 1.63 (1.21, 220) 473 1320607 NA
Kimenig 2020 *}* 1.82 (0.96, 347) 326 S4M11 NR
Kioptenstain 2020 052 (0.22, 1.23) 247 20045 NR
Lewis 2020 * 0.59 (0.58, 0.82) 517 497/994 NA
Pettit 2020 ot 1.71 (1.0, 283) 3.84 741148 NR
Rojas-Marte 2020 * 0.79 (0.80, 1.08) 4.80 96193 NA
Roomi 2020 —— 2.08 (0.85, 5.05) 239 321176 NR
Tian 2020 —— 0.67 (0.39, 1.13) 378 681195 NR
Teal 2020 —— 1.00 (0.57, 1.75) 361 661132 NR
“Wadud 2020 - 0.74 (0.47, 1.17) 408 4484 NA
Subtotal (--squared = 80.3%, p = 0.000) 0.76 (0.64, 0.92) 100.00
Prospective
Alberting 2020 1.01 (0.07, 15.25) 0.30 22/44 14
*Carvalho 2020 — 1.03 (0.31, 3.43) 152 23/83 14
#Hermina 2020 —_—— 1.24 (0.44, 3.49) 204 631130 14
Perane 2020 L 0.78 (0.58, 1.08) 25.33 708/1188 14
#Sahvarani 2020 —— {05 (0,07, 16.41) 029 601123 14
*#Aosas,|. 2020 - 0.87 (0.58, 1.33) 12,63 294/438 28
Roumiar 2020 —— 1.15 (0,38, 352) 1.75 4996 28
#Salama 2020 —— 1.22 (0.62, 2.38) 484 2490377 28
#Stone 2020 — 1.44 (0.40,5.17) 1.34 156/231 28
Mikulska 2020 —— 057 (0.21, 1.55) 216 2295 30
*#Gordan 2021 * 0.78 (0.63, 0.97) 47.80 3500747 NA
Subtotal (-squared = 0.0%, p = 0,944) 0 0.83 (0.72, 0.96) 100.00
NOTE: Weights are from random effects analysis
| | |
o 1 10 20

Figure 3-6 - Forest plot showing mortality risk ratios for all tocilizumab studies

Risk ratios with associated 95% confidence interval and day of censorship presented for each study. Sample sizes given for
patients receiving intervention (n) and total included in study (N). Summary estimates presented separately for prospective

and retrospective studies. * non peer-reviewed preprint studies; # randomised controlled trials; NR, not reported

Adjusted hazard ratios for overall mortality were reported in 22 studies totalling 13,702

patients, at a median follow up time of 28 days (IQR 14-30). In meta-analysis of prospective

studies, an emerging survival benefit was demonstrated, but the estimate was inconclusive

(HR 0.70 95%CI 0.44;1.10, 1> = 0%) (Figure 3-7). In the remaining retrospective studies,
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tocilizumab was associated with a 48% lower risk of adjusted mortality with substantial

heterogeneity (HR 0.52 95%Cl 0.41;0.66, 1>=76.6%).

%

Author Year Drug aHR (95% ClI) Weight n/N Day
Retrospective |

Martinez-Sanz 2020 T —-— 0.77 (0.48, 1.25) 6.53 260/1229 6
*Ramaswamy 2020 T —0—| 0.25 (0.07,0.90) 2.41 21/86 7
Ruiz—-Antoran 2020 T * 0.74 (0.62, 0.89) 8.60 238/506 12
Guaraldi 2020 T —— 0.38 (0.17,0.83) 4.39 179/544 14
Rodriguez-Bano 2020 T —_— 0.12 (0.02, 0.56) 1.59 88/432 21
Biran 2020 T - 0.64 (0.47,0.87) 7.82 210/630 22
Gupta 2020 T - 0.71 (0.56, 0.92) 8.22 433/3925 27
Somers 2020 T - 0.55 (0.33, 0.90) 6.36 78/154 28
Rossi 2020 T — 0.42 (0.22,0.82) 5.23 84/168 28
Hill 2020 T — 0.57 (0.21,1.52) 3.41 43/88 28
Ip 2020 T == 0.76 (0.57, 1.00) 8.00 134/547 30
De Rossi 2020 T —_— 0.06 (0.02,0.19) 2.88 90/158 30
Canziani 2020 T — 0.82 (0.42,1.58) 5.20 64/128 30
Eimer 2020 T —_— 0.52 (0.19,1.39) 3.38 22/44 30
Gokhale 2020 T —— 0.62 (0.38,0.99) 6.53 70/161 31
Lewis 2020 T - 0.24 (0.18,0.33) 7.85 497/994 NR
Tian 2020 T — 0.47 (0.25,0.90) 5.35 65/195 NR
Narain 2020 T —— 0.79 (0.47,1.32) 6.25 73/3149 NR
Subtotal (I-squared = 76.6%, p = 0.000) ¢ 0.52 (0.41, 0.66) 100.00

Prospective

#Stone 2020 T —— 1.52(0.41,5.61) 12.27 161/243 28
Roumier 2020 T —_—— 0.68 (0.31,1.75) 28.04  49/96 28
#Hermine 2020 T —_—— 0.92 (0.33,2.53) 20.25 63/130 28
Mikulska 2020 T — 0.48 (0.23,0.99) 39.43  29/95 30
Subtotal (I-squared = 0.0%, p = 0.448) < 0.70 (0.44,1.10) 100.00

NOTE: Weights are from random effects analysis
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Figure 3-7 - Forest plot showing adjusted hazard ratios for tocilizumab studies

Adjusted HRs with associated 95% confidence interval and day of censorship presented for each study. Sample sizes given
for patients receiving intervention (n) and total included (N) in study. Summary estimates presented separately for
prospective and retrospective studies. * non peer-reviewed preprint studies; # randomised controlled trials; NR, not
reported

3.3.3 Anakinra

Seven studies, of which four were prospective and three were retrospective, evaluated
outcomes in 346 patients who received anakinra and 3339 controls. Ordinal outcome data
were limited with small studies demonstrating a possible association between anakinra and

improved clinical outcomes397 319322 A significant association with mortality was observed in
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a prospective study (aHR 0.49 95%Cl 0.26;0.91)3!¢, but not in a retrospective study of 57
patients (aHR 0.79 95%Cl 0.44;1.42)32, In pooled risk ratios from three prospective studies,

there was no association with mortality (RR 0.70 95%Cl 0.31;1.58, 1>= 32.8%) (Figure 3-8).

%

Author Year RR (95% CI) Weight n/N Day
Retrospective
Cavalli 2020 —_—— 0.24 (0.07, 0.79) 100.00 29/45 21
Subtotal (I-squared = .%, p =.) < 0.24 (0.07, 0.79) 100.00
Prospective
Balkhair 2020 —_—— 1.33 (0.28, 6.37) 21.07 45/69 14
*Kyriazopoulou 2020 —_—— 0.38 (0.15, 0.93) 44.24 130/260 14
Kooistra 2020 —_— 1.06 (0.35, 3.21) 34.69 21/50 28
Subtotal (I-squared = 32.8%, p = 0.226) <:> 0.70 (0.31, 1.58) 100.00
NOTE: Weights are from random effects analysis

| [

.01 1 10 20

Figure 3-8 - Forest plot showing mortality risk ratios for all anakinra studies

Risk ratios with associated 95% confidence interval and day of censorship presented for each study. Sample sizes given for
patients receiving intervention (n) and total included in study (N). Summary estimates presented separately for prospective
and retrospective studies. * non peer-reviewed preprint studies

3.3.4 Sarilumab

Five prospective studies exploring outcomes in 389 participants were identified. In an RCT,
sarilumab was associated with increased survival (aOR 2.01 95%Cl 1.18;4.71), reduced
duration of hospitalisation (aHR 1.60 95%Cl 1.17;2.40) and improved ordinal outcomes at
day 14 (aOR 1.86 95%Cl 1.22;2.91)333, In a further prospective non-randomised study of 28
participants33, sarilumab did not impact mortality (aHR 0.36 95%CI 0.08;1.68) or the
duration of hospitalisation (mean difference 0.02 95%Cl -0.51;0.54). The combined CFR
across all included studies was 11% (43/389) in patients receiving sarilumab, whilst in the

only study with available control mortality data the CFR was 35.8% (142/397).
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3.3.5 Siltuximab

A single prospective study of 60 patients was identified 3*!, with a lower risk of mortality in

patients who received siltuximab (aHR 0.46 95%Cl 0.22;0.97).

3.3.6 Treatment related adverse events

Treatment related adverse events were reported in most studies (70%). Though secondary
bacterial infections and deranged liver enzymes were reported in patients who received
interleukin inhibitors, the frequency of events was consistent with comparator groups who

received standard of care.
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3.4 Discussion

3.4.1 Summary of findings

This systematic review evaluated the role of specific interleukin inhibitors for the
management of COVID-19. Although severe inter-study heterogeneity was observed,
tocilizumab had beneficial effects when an adapted four-point ordinal scale was applied,
though confidence intervals in pooled prospective studies were not conclusive. For this
reason, the certainty of findings for this outcome are rated as moderate using GRADE. A
survival benefit with Tocilizumab was observed that was consistent across retrospective and
prospective studies, with pooled analysis of unadjusted risk ratios demonstrating a 17%
reduced risk of mortality in prospective studies. The certainty of findings related to overall
mortality are rated as high. Tocilizumab did not alter the mean duration of hospitalisation,

with low certainty of findings.

There was significant heterogeneity in study designs that evaluated outcomes in non-
tocilizumab studies leading to insufficient data to enable quantitate synthesis. In the only
study that reported adjusted mortality estimates, anakinra lowered the risk of death,
however when unadjusted risk ratios were pooled across several non-randomised studies, a
mortality benefit was not observed. In the only study for sarilumab, intervention improved
hospital outcomes and reduced the duration of hospitalisation. No randomised studies were
identified for siltuximab. For all interleukin inhibitors, the frequency of adverse events was
similar in treatment and control arms. We did not detect any significant publication bias in

the reporting of effects.
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This review included a large number of studies. In such cases, systematic reviews offer several
advantages as they enable a more precise assessment of the effect size and usefulness of an
intervention, which can help inform clinical judgement. Conversely, meta-analysis can be
equally helpful when there are few studies (as low as two), providing the studies are
sufficiently similar using a measurement of heterogeneity. Combining small numbers of
studies should be considered when there is a clear theoretical or logical basis which will

enable the attainment of additional information beyond that offered in the original studies3””.

3.4.2 Limitations

There are multiple limitations that must be considered alongside the findings of this study.
This review included 71 studies, although only six were randomised trials. Non-randomised
trials of interventional agents are associated with several biases that can limit inference.
Reassuringly, when analyses were restricted to RCTs, the pooled effect size favoured
tocilizumab, although confidence intervals did not reach statistical significance due to limited
power. A further limitation relates to the patient selection criteria across the studies which
was not entirely consistent. Respiratory failure and hyperinflammation were necessitated in
most studies, but hyperinflammation was inconsistently defined using various combinations
of IL-6, CRP, and ferritin. Moreover, the severity of respiratory failure ranged from individuals
requiring basic respiratory support to advanced ventilatory support. The dosage, route and
timing of administration of the therapeutic agent under investigation varied across the
studies, and concomitant medications such as hydroxychloroquine and antivirals were
frequently prescribed, precluding causal associations of interleukin inhibitors with outcomes.

Study outcomes were not uniform, and a combination of clinical, laboratory and radiological
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outcomes were reported, rather than a single consistent endpoint. Furthermore, the duration

of follow up and timing of reported outcomes varied across the studies.

To mitigate study differences, meta-regression was applied for all analyses according to study
differences to identify possible sources of heterogeneity. Though residual heterogeneity
could not always be explained, concomitant steroid use, route of drug administration and day
outcome measured appeared to contribute within specific outcomes. To maximise the clinical
usefulness of the review, four interleukin inhibitors, alongside several endpoints were
included. Furthermore, all studies with a control group irrespective of their risk of bias or
study design were included but retrospective and prospective studies were analysed and
presented separately. Where insufficient data precluded meta-analysis, key study
observations were described using qualitative synthesis, ensuring the review was
comprehensive. Included studies carried international representation and were performed in
various ethnic backgrounds, and thus findings should be generalisable to the global

population.

3.4.3 Biomarker guided therapy

One of the fundamental aims of this chapter was to determine whether blood biomarkers
offer prognostic potential, using a contemporary and generalisable example of COVID-19. In
the included studies, there was considerable missing data and heterogeneity in reporting for
IL-1 and IL-6. For IL-6 specifically, several studies identified a cut-off threshold, whereas

other studies did not have IL-6 measurements available. Numerous studies utilised serum
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CRP concentrations to define hyperinflammation since circulating IL-6 is the primary inducer
of CRP from the liver. Intriguingly, where available, serum IL-6 levels were unusually low,
particularly when compared with CRP concentrations in the same individuals. An initial
upsurge in serum IL-6 levels following treatment with IL-6 inhibitors was observed in few
studies, but there was insufficient granularity in the data to assess baseline measurements
and detailed trends in IL-6 according to outcomes. This meant the prognostic potential of IL-
6 could not be assessed with any degree of confidence. IL-6 measurement and
interpretation is not considered to be straightforward, as the cytokine peaks at different
times and is influenced by age, exercise, circadian rhythms, concomitant therapies, and
other comorbidities such as obesity?®>. Assay measurements can also be influenced by
variability related to sampling and processing such as storage time, room temperature and
assay sensitivity. An understanding of these factors is crucial for the accurate interpretation
of serum IL-6 measurements, and thus for utilising a biomarker-guided prognostic strategy.
Understanding disease pathways related to the biomarker of interest may help identify

downstream components that are easier to measure with less instability.

Another important aim was to determine whether biomarkers can be targeted
therapeutically. There is increasing evidence to suggest there may be a “window of
opportunity” with interleukin inhibitors, with benefit observed if administered at the
appropriate time after symptom onset3’8. In several individuals included in this review, IL-6
inhibition did not alter outcomes, and a RCT published following the completion of this
review demonstrated an increased risk of mortality with tocilizumab3”°. Although the

inflammatory effects of IL-6 are well known, this pleiomorphic cytokine has several
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important physiological roles in humans including being pivotal in innate and adaptive
immunity, regulating the acute-phase response, lipid homeostasis, and neural
development?®®, Therefore, any attempts to target this cytokine must be balanced against
any possible deleterious consequences, including the risk of further immunosuppression
leading to secondary infection. Conversely, if the inflammatory cascade has advanced
uncontrollably, administration of cytokine blockade may be too late, and is unlikely to be
beneficial. Similar challenges with timing are likely to exist when targeting blood biomarkers
in pulmonary fibrosis, particularly in individuals with acute exacerbations or rapidly

progressive disease.

The experience and knowledge gained from biomarker studies in COVID-19 should be
applied to future studies in other conditions. A detailed understanding of the natural history
and pathogenesis of disease, alongside an appreciation of the signalling pathways
associated with the biomarker of interest are pivotal before biomarker-targeted therapies
can be recommended for clinical use. In that regard, smaller more detailed mechanistic and
biomarker-focussed studies are likely to yield more information and help identify individuals
who are likely to benefit, rather than large multi-centre interventional RCTs. Moreover,
future interventional studies should include detailed biomarker analyses at baseline and
following treatment to identify indicators of response to therapy, to ensure the right person

receives the right treatment at the right time.
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3.5 Summary

This systematic review and meta-analysis of IL-1 and IL-6 inhibitors for the treatment of
severe COVID-19 provides evidence for the use of tocilizumab, whereas the evidence for
anakinra, siltuximab and sarilumab was insufficient and further studies are justified. The
relationship between blood interleukin levels and interleukin inhibitors according to disease
outcomes, and the role of interleukins as prognostic biomarkers could not be assessed due
to insufficient data. Nonetheless, this chapter includes an appraisal of a biomarker-targeted
therapeutic strategy and highlights several considerations for future research that can be

applied to pulmonary fibrosis and other diseases.
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Chapter 4 Evidence synthesis for short-term change in physiological
markers as an endpoint for future trials

4.1 Introduction

There has been recent progress in the management of IPF with the approval of anti-
fibrotics. However, current therapies slow disease progression, rather than halt or reverse
existing fibrosis, and more effective therapies are urgently needed. Defining the optimal
primary endpoint on which to design such clinical trials remains the subject of debate.
Mortality, the obvious and ideal endpoint occurs too infrequently in individuals with mild to
moderate IPF and thus requires substantial sample sizes with long durations of follow up to
capture sufficient events to detect treatment differences. For this reason, surrogate
markers for mortality including change in FVC over 12 months have been commonly used as
endpoints in IPF clinical trials>>4. However, in a condition characterised by poor survival,
earlier endpoints are urgently required. The identification of biomarkers measured at earlier
timepoints have the potential to transform clinical trials by enabling assessment of a greater
number of therapeutic agents in accelerated clinical trials. Physiological measurements
including FVC, DLco and 6MWD have been studied as prognostic biomarkers in IPF.
However, studies have been limited by small samples, retrospective designs, and narrowly
defined inclusion criteria, often resulting in inconsistent findings.38° 381, Whilst physiological
decline is inevitable, there is considerable heterogeneity in the rate of disease
progression,> and thus the accurate and early prediction of disease course is essential for

appropriately counselling patients and enabling personalised approaches to therapy.
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The purpose of this chapter is to explore physiological variables as prognostic markers and
as clinical trials endpoints in IPF. Placebo arms from interventional trials offer an invaluable
resource to explore the association between commonly measured physiological variables
and disease outcomes in anti-fibrotic naive individuals. In this chapter | combine IPD from
trial placebo arms to determine whether short-term changes in physiological variables can
predict mortality and disease progression, and thus act as surrogate endpoints over short-
term periods to accelerate future IPF clinical trials. Furthermore, | combine lung function
data from treatment arms in clinical trials where the endpoint was met (i.e., studies of
pirfenidone or nintedanib) to determine whether a treatment-effect could be observed as
early as three-months. The study protocol can be found on PROSPERO (CRD42020164935)
and the key findings have been published as a manuscript “Three-month FVC change: a trial
endpoint for IPF based on individual participant data meta-analysis” in the American Journal

of Respiratory and Critical Care Medicine (AJRCCM).

4.1.1 Aims of study

1) To determine the role of physiology (FVC, DLco, 6BMWD) as prognostic markers in IPF
by examining the association between baseline and/or short-term change in
measurements and clinical outcomes

2) Toinvestigate whether short term change in physiological variables can act as
surrogate endpoints in future IPF interventional adaptive trials

3) To investigate whether treatment benefits can be observed at three-months

4) To investigate the association between demographic physiological factors (age, sex,

and smoking history) and disease outcomes in IPF
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4.2 Methods

4.2.1 Eligibility criteria

Randomised controlled trials (RCT) that included placebo arms reporting disease outcomes
in adults with IPF, diagnosed according to contemporaneous guidelines, and corresponding
treatment arms from pirfenidone and nintedanib trials were eligible for inclusion. Studies
with a sample size fewer than 30 participants, retrospective studies, non-randomised

studies, and studies in other fibrotic ILDs other than IPF were excluded.

4.2.2 Physiological markers

Studies reporting lung function (FVC and DLco) at either baseline and/or change over three-
months were eligible for inclusion. Moreover, studies reporting baseline and three-month

change in six-minute walk distance were included. Desaturation during six-minute walk test
was not explored in this review since the continuous measurement of oxygen has only been

382

recommended more recently®®4, and thus would not have been performed in the majority

of included studies.

4.2.3 Search strategy

Electronic databases including MEDLINE (1946 to latest), Embase (1974 to latest), Google
Scholar, the Cochrane Register of Controlled Trials and ClinicalTrials.gov were searched on
1%t December 2020, independently by two reviewers (Fasi Khan and Laura Fabbri). Pre-print

servers including medRxiv, bioRxiv and Wellcome Open Research were searched to identify
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unpublished studies, ensuring the review was inclusive as possible. Search terms included
keywords to identify physiological variables alongside search filters to restrict results to
RCTs and can be found in the appendix. Reference lists of included studies were searched to

identify further studies.

4.2.4 Data extraction

Once eligible studies were identified, corresponding authors were contacted using
encrypted electronic mail communication, with at least three reminders, each four weeks
apart (Appendix 10.2). Data-sharing portals such as Vivli, Yoda and Clinical Study Data
Request were utilised to request data from sponsored clinical studies, utilising data-sharing
agreements?®©-268 Data requested included treatment randomised to, participant
demographics (age, sex, and smoking status), baseline and three-month physiology data
(FVC, DLco and 6MWD) where available, 12-month FVC, duration of follow up and mortality
status. Studies where IPD was unavailable were excluded, but demographics were tabulated

to explore the possibility of ascertainment bias.

4.2.5 Risk of bias

Since there are no widely available tools for assessing the risk of bias specifically in RCT
placebo arms, a modified version of the Quality in Prognostic Studies (QUIPS) tool was

383 with each placebo arm considered as

applied to assess the risk of bias in included studies
an observational cohort. The QUIPS tool has been described in section 2.2.1.4. The modified

version assessed the risk of bias across five domains: study participation, study attrition,
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prognostic factor measurement, outcome measurement and study confounding. GRADE
ratings were applied to assess the overall quality and certainty of evidence for each of the

outcomes assessed. 23*

4.2.6 Analysis

All analyses were performed in placebo arms only unless otherwise stated. IPD meta-
analysis with random effects in a two-step design, as described in section 2.3.1 was applied
to estimate hazard ratios in time-to-event analyses for associations with overall mortality,
and odds ratio in logistic regression models for association with disease progression.
Disease progression was defined as 10% relative decline in FVC or death within 12 months
of baseline. All estimates were adjusted for confounders identified a priori including age,
sex, smoking history, and baseline FVC. Participants with missing data were excluded using
listwise deletion. Estimates for three-month change in physiological variables were
additionally adjusted for baseline measurements. FVC percent predicted values were
recalculated for all participants where possible using Global Lung Initiative (GLI)
equations3®*. GLI reference equations standardise reference values for predicted FVC, which
are multi-ethnic and adjust for age, gender, and height, all of which can be sources of

variability.

Baseline physiological markers and their association with mortality and disease progression
were estimated per 5% decrement in %predicted FVC and DLco, and per 50m decrement in
6MWD. Demographic factors were estimated per year increase in age and expressed as

binary exposures for gender (male vs. female), and smoking status (current or ex-smoker vs.
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never smoker). A threshold of 80% predicted FVC was chosen to define baseline subgroups
based on typical critical used in anti-fibrotic management3®, and mean difference in
absolute FVC (ml) between baseline and 12 months was estimated and pooled across all

studies.

In three-month analyses, the association of continuous physiological variable change with
outcomes was estimated using 2.5% relative percent change from baseline %predicted FVC
and DLc¢o, and 20m absolute decline in 6MWD. The median relative percentage change over
three-months in FVC was estimated, and the mean difference in absolute FVC (ml) between
baseline and 12 months stratified by three-month FVC decline (above or below median) was
calculated and pooled. Optimum thresholds based on sensitivity and specificity for three-
month FVC change in predicting disease progression and mortality were estimated
individually for each study with the empirical Liu method and bootstrapping to derive robust
confidence intervals38. Optimum thresholds were combined to estimate an overall
threshold for three-month relative FVC change and used to estimate association of outcome
in those with decline greater than threshold compared to those below. The area under the
receiver operator characteristics curve (AUROC) at the optimum FVC threshold was

estimated for each study and pooled to assess overall discriminative performance.

Statistical heterogeneity was assessed using the |2 statistic and meta-regression was
performed to explore variability according to various study factors: permitted steroid use,
IPF diagnosis within 5 years, inclusion of severe cases (FVC<50% predicted), and studies with

sufficient information to enable calculation of GLI reference equations. Publication bias was
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assessed using visual inspection of funnel plots for asymmetry and application of Egger’s

test where sufficient studies were included?’3.

The association between three-month FVC change and disease outcomes was estimated in
intervention arms specifically from studies where a treatment benefit was observed. To
examine a possible treatment effect at three-months, the change in FVC in pooled
treatment arms was compared with pooled estimates in corresponding placebo arms using
random effects meta-analysis. Meta-regression was applied using treatment as a covariate
to determine statistical significance. To enable power calculations for future interventional
trials, standardised effect sizes (Hedge’s g) were estimated between placebo and treatment

arms within each study and weighted into an overall value at both three and twelve months.
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4.3 Results

Electronic database search retrieved 271 articles, with a further five articles identified
through ClinicalTrials.Gov (Figure 4-1). No articles were identified through search of preprint
servers. Following the removal of duplicates, screening of abstracts and titles, and full text

review, 23 studies with a total of 2958 participants were identified for inclusion.

g Records identified through Additional records identified

= electronic database searching through preprint servers (bioRxiv,

= (n=271) medRxiv) (n = 0) and

= ClinicalTrials.Gov (n=5)

g l
— v

Records after duplicates removed

(oY) (n = 241)

1S

oy

o

= v

(8]

%)

Records screened R Records excluded
(n=241) i’ (n=205)
l Full-text articles excluded

> (n=13)

I_TZ) Full-text articles assessed .

o for eligibility Insufficient follow up (n=1)

] (n=36) Duplicate publication (n = 5)

l n<30(n=3)
— IIP not IPF (n=1)
Studies eligible for On antifibrotics (n = 3)

S inclusion (n=23)

o

% Studies included in IPD

= analysis (n=10)
—

Figure 4-1 — Flow diagram illustrates systematic search and screening strategy, including numbers of studies meeting
eligibility criteria and numbers excluded.

Study sponsors and corresponding authors of shortlisted studies were contacted for IPD. Of
the 23 studies, IPD were made available from 10 studies that reported outcomes from a

total of 1819 participants assessed in 12 placebo cohorts (Table 4-1 and Table 4-2).
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Year of Study T - . .
Study publication phase Centre Key eligibility criteria Concomitant therapies
ARTEMIS238 2013 Phase 3 multi-centre Age 40-80 Nil
. Age 40-80, diagnosed within last 4 years, FVC 50-90% .
176 -
ASCEND 2014 Phase 3 multi-centre predicted, DLco 30-90%, MWD > 150m. Steroids not allowed
. Diagnosed within last 3 years, 6MWD between 150m and .
-1387 -
BUILD-1 2007 Phase 3 multi-centre 499m, FVC 50-90% predicted, DLco>30% predicted Prednisolone up to 15mg OD
BUILD-3388 2011 Phase 3 multi-centre Diagnosed within last 3 years and confirmed by lung biops Prednisolone up to 20mg OD
g y Yy lung biopsy p g
. Age 40-80, diagnosed within last 4 years, FVC 50-90% .
53 - 4 ’
CAPACITY1 2011 Phase 3 multi-centre predicted, DLco > 35% predicted, MWD > 150m Nil
. Age 40-80, diagnosed within last 4 years, FVC 50-90% .
53 -
CAPACITY2 2011 Phase 3 multi-centre predicted, DLco > 35% predicted, GMWD > 150m Nil
IFIGENIA389 2005 Phase 3 multi-centre Age 18-75, FVC <80%, DLco < 80% Prednisolone and Azathioprine
. Age 2 40, diagnosed within last 5 years, FVC > 50% predicted, .
54 -
INPULSIS1 2014 Phase 3 multi-centre Dlco 30-79% predicted Prednisolone up to 15mg OD
. Age 2 40, diagnosed within last 5 years, FVC 2 50% predicted, .
54 -
INPULSIS2 2014 Phase 3 multi-centre Dlco 30-79% predicted Prednisolone up to 15mg OD
- o ~c09 - N
MUSIC3% 2013 Phase 2 multi-centre Diagnosed within last 3 years, IfVC_SOA, predicted, DLco 2 Nil
30% predicted
TIPAC391 2013 Phase 3 multi-centre Age > 40, MRC dyspnoea score > 2 Prednisolone, azathioprine,
mycophenolate allowed
> i ithi > 509 i
TOMORROW>4 2011 Phase 2 multi-centre Age 2 40, diagnosed within last 5 years, FVC 2 50% predicted, Prednisolone up to 15mg OD

DLco 30-79% predicted

Table 4-1- Methodological characteristics of included studies

6MWD, six-minute walk distance, DLco, gas transfer for carbon monoxide; FVC, forced vital capacity; MRC, medical research council
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Placebo Study follow up, Former or Baseline

study sample months (median current White Age (years) Sex — male Baseline Baseline FVC DL Baseline
) L o o . €O %
size IQR) smoker % ethnicity % (%) FVC, L % predicted predicted 6MWD
ARTEMIS 164 8 (5-13) 67.5 89 66.1(7.1) 68.1 - 69.9 (13.8) * 45.6 (13.3) 421 (21)
ASCEND 277 12 (11-12) 61 90.6 67.8(7.3) 76.9 2.67 (0.65) 70.8 (11.2) 44.2 (12.5) 421 (98)
BUILD-1 83 12 (12-12) - - 70.2 (9.2) 75 2.72 (0.72) 73.9 (13.6) 49.7 (11.3) 365 (79)
BUILD-3 209 21 (15-24) 67.9 - 63.2(9.1) 63.6 2.88(0.82)  73.1(15.3)* 47.9 (12.7) -
CAPACITY1 174 17 (17-20) 70.7 96.6 66.3 (7.5) 73.6 2.91(0.78) 78 (15.5) 46.1(10.2) 410 (90)
CAPACITY2 173 18 (17-22) 63 98.8 67 (7.8) 71.7 2.86 (0.68) 75.3 (14.2) 47.4(9.2) 400 (90)
IFIGENIA 75 12 (11-13) 69 100 64.4 (8.6) 74.7 2.36 (0.73) 62.8 (14.2) 44.2 (15.9) -
INPULSIS1 205 13 (13-13) 75.1 80 66.8 (8.2) 80 2.84 (0.82) 75 (16.2) 47.3 (11.9) -
INPULSIS2 221 13 (13-13) 67.4 56.2 67 (7.5) 78.3 2.63(0.8) 72.8 (17) 46.6 (15.4) -
MUSIC 65 13 (11-17) 60 96.9 63.6 (6.1) 61.5 2.79(0.82)  74.8(14.6) * 45.6 (11.2) -
TIPAC 86 12 (12-12) 76.7 98.8 70.7 (8.6) 65 2.4(0.75) 71.5(21) 39.1(12.8) 331 (118)
TOMORROW 87 19 (14-23) 66.7 77 64.8 (8.5) 73.6 2.76 (0.74) 74.6 (15) 48.1(13.1) 410 (115)

Table 4-2 - Baseline participant characteristics for placebo arms only.

Baseline FVC % predicted values calculated using standardised global lung initiative (GLI) equations unless marked by asterisk (*). Values for physiological variables reported in mean (standard
deviation) unless otherwise stated. 6MWD, six-minute walk distance, DLco, gas transfer for carbon monoxide; FVC, forced vital capacity; MRC, medical research council; -, data not available
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All included RCTs were multi-centre studies published between 2005 and 2014, with most
studies, phase 3 in design (10/12). In 75% (8/12) of included cohorts, lung function inclusion
criteria specified an FVC 2 50% predicted, and a DLco above either 30% or 35% predicted. In
7 cohorts, concomitant steroid use was permitted, though maximal daily dose was
restricted to 15-20mg. The median number of participants in the placebo arm of each study
was 169 (IQR 85-207), with a median follow up duration of 13 months (IQR 12-17), and
median study age of 66.6 years (IQR 64.4-67.8). The majority of study participants across all
studies were male (73.9%). The median baseline %predicted FVC was 73.5% predicted (IQR
70.8-74.8), baseline %predicted DLco was 46.4% predicted (IQR 44.2-47.4), and 6MWD was
410m (IQR 365-421) (Table 4-2). IPD could not be attained from 13 studies reporting
outcomes for 1139 participants. A comparison of study and participant characteristics with

included studies reveal no obvious differences (Table 4-3).

124



Stud Placebo Follow up, White Sex — Baseline Baseline Baseline
Study and year Reason for exclusion v Centre sample months ethnicity Age (years) male FVC % DLco %
phase . . . . 6MWD
size (median) % (%) predicted predicted
Azuma et al, Data sharing not permitted multi-
2005352 by original ethics Phase2 36 9 - 64.3 (7.6) 94 78.4(17.2)  57.7(13.8) -
Daniels et al, Data shar.ln.g not permitted Phase 2 multi- 61 2 i 67.8 (52-79) ° 64 65.6 39.3b 379
2010393 by original consent centre
Homma et al, Data sharing not permitted multi-
501235 by original ethics Phase3 46 12 - 68.2 (7.7) 76 88.7(15.5)  64.4(20.1) -
King et al, 2009 FDA restrictions on data multi- 392.8
(INSPIRE)S sharing Phase3 275 18 - 65.9 (7.9) 68 73.1(13.4)  47.3(9.3) (112.9)
Malouf et al, Data sharing not permitted multi-
01135 by original ethics Phase2 45 36 - 60 (9) 71 69 (20) 42 (14) 451 (118)
Martinez et al, . . .
2014 Data ;hac:'r?ginna?tei’sircrz'tted Phase 3 C'Zﬁ'ttr'e 131 14 9% 67.2(8.2) 75 73.4(14.3)  46(12.2) 375 (105)
(PANTHER)?7 yorie
Noth et al 2012 Data sharing not permitted multi- 280.2
(ACE-IPF)29% by original ethics Phase 3 centre 73 12 93 66.7 (7.4) 79 58.7 (16.1) 34.6 (13.4) (136.2)
Palmer et al, Offices closed due to COVID- multi-
- a " a _7’3)a -
201855 19 Phase2 47 6 64 69 (49-85) 70 69 (48-96)2 45 (12-7'3)
Parker et al, Data not yet submitted to multi-
20180 regulatory authorities Phase2 59 16 75 67.5(6.1) 79 70.3 (12.0) 47 (13.8) 391 (112)
Raghu et al, FDA restrictions on data multi-
5004401 sharing Phase3 168 13 86 63.4 (8.6) 66 64.1(11.3)  36.8(10.6) -
Raghu et al, . multi- 396.8
2008402 Denied by sponsor Phase 2 centre 41 12 65.1(7.1) 59 63.0(12.7) 36.9 (10.8) (136.8)
Richeldi et al, No response from study multi-
2020 (PRAISE)® sersonnel Phase2 53 12 68.4(7.2) 81 73.1(11.1)  53.8(12.2)
Taniguchi et al, Data sharing not permitted multi-
5009404 by original ethics Phase3 104 12 64.7 (7.3) 78 79.1(17.4)  55.2(18.2)

Table 4-3 - Baseline participant characteristics from studies where IPD could not be retrieved

Values for physiological variables reported in mean (standard deviation) unless otherwise stated. @ = median (range); b = mean only; -, data not available

125



4.3.1 Risk of bias

Risk of bias assessment identified a low risk of bias for most of the assessed domains (Figure
4-2). Clear and consistent participant criteria were utilised by all studies, and in all studies,
except one, study attrition rates were low, with reasons for participant drop out stated.
Relevant confounders including age, gender and smoking status were measured in all
studies, with data available for most participants. Missing participant outcome data resulted
in mortality and disease progression being unable to be defined in 0.05% and 12.9% of all
participants respectively. Measurement details for physiological variables and FVC reference

equations were unavailable in most studies.

Risk of bias
100%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Confounding Outcome Prognostic factor ~ Study attrition  Study participation

Hlow  Moderate HHigh

Figure 4-2 -Risk of bias assessment.

The risk of bias across studies was rated as low, moderate, or high risk in five categories using the modified QUIPs tool.
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4.3.2 Demographic factors

Baseline characteristics including age, gender and smoking status were available from all

placebo arms. Age was associated with increased mortality [adjusted HR (aHR) 1.04 per year

increase, 95%Cl 1.02;1.06, 1= 0.0%], but male gender (aHR 1.16, 95%Cl 0.78;1.72, 1>°=0.0%)

and previous smoking history (aHR 1.34, 95%CI 0.77;2.33, 1>=54.3%) were not (Figure 4-3).

Yo

Variable and Study aHR (95% ClI) Weight
Age per year increase
ARTEMIS <+ 1.06 (0.83, 1.35) 0.64
ASCEND » 1.05 (0.98, 1.12) 9.07
BUILD1 » 1.04 (0.97, 1.13) 6.66
BUILD3 > 1.07 (1.02, 1.13) 14.43
CAPACITY1 4 1.02 (0.96, 1.09) 10.36
CAPACITY2 <r 1.02 (0.96, 1.09) 9.66
IFIGENIA p 1.06 (0.96, 1.16) 4.31
INPULSIS1 4 1.06 (0.99, 1.13) 8.10
INPULSIS2 4 1.05 (0.99, 1.12) 10.88
MUSIC L 0.89 (0.78, 1.01) 2.14
TIPAC s 1.04 (0.98, 1.09) 12.66
TOMORROW 4 1.06 (1.00, 1.12) 11.09
Subgroup (I-squared = 0.0%) 1.04 (1.02, 1.06) 100.00
Male
ARTEMIS ———— 1.49 (0.23, 9.44) 454
ASCEND —— 1.61 (0.47, 5.48) 10.31
BUILD1 e L 1.52 (0.18, 13.00) 3.36
BUILD3 —to— 1.49 (0.45, 4.91) 10.89
CAPACITY1 — o — 0.91 (0.33, 2.56) 14.63
CAPACITY2 —0—:— 0.71 (0.26, 1.95) 15.18
IFIGENIA — 0.98 (0.15, 6.25) 4.51
INPULSISH | . cem—— 3.19 (0.39, 26.26) 3.49
INPULSIS2 —1— 1.31 (0.41, 4.15) 11.60
MUSIC — 0.60 (0.11, 3.43) 5.14
TIPAC —0—:— 0.55 (0.15, 1.96) 9.61
TOMORROW —————— 4.81 (1.06, 21.91) 6.74
Subgroup (I-squared = 0.0%) <b 1.17 (0.79, 1.73) 100.00
Current/ex smoker
ARTEMIS — 1.08 (0.18, 6.34) 6.11
ASCEND ———— 3.70 (1.09, 12.60) 9.05
BUILD1 | g 15.78 (1.58, 157.13) 4.28
BUILD3 —— 0.83 (0.31, 2.23) 10.68
CAPACITY1 DN 2.47 (0.72, 8.50) 8.98
CAPACITY2 —1:— 0.96 (0.36, 2.58) 10.71
IFIGENIA — T 2.13 (0.33, 13.87) 5.69
INPULSIS1 — 1.05 (0.28, 3.92) 8.44
INPULSIS2 —1+— 1.99 (0.69, 5.73) 10.20
MUSIC —e—H! 0.31 (0.07, 1.30) 7.79
TIPAC —:—0— 3.51(0.73, 16.79) 7.07
TOMORROW —— 0.32 (0.13, 0.84) 10.98
Subgroup (I-squared = 54.2%) <b 1.34 (0.77, 2.32) 100.00
| |
.0078125 1 128

Decreased mortality

Figure 4-3 - Association of baseline demographic factors with mortality, presented using adjusted hazard ratios.

Increased mortality

All estimates adjusted for age, sex, smoking status, and baseline FVC.
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None of the demographic factors including age (aOR 1.00, 95%Cl 0.99;1.02, 1°=4.4%), male

gender (aOR 0.93, 95%Cl 0.72;1.2, 1>=0.0%) or previous smoking history (aOR 0.97, 95%Cl

0.76;123, 1’=0.0%) were associated with increased disease progression (Figure 4-4).

Variable and Study

Age per year increase
ARTEMIS

ASCEND

BUILD1

BUILD3

CAPACITY1
CAPACITY2
IFIGENIA

INPULSIS1
INPULSIS2

MUSIC

TIPAC

TOMORROW
Subgroup (l-squared = 0.0%)

Male

ARTEMIS *

ASCEND _—j—_
BUILD1

BUILD3 —_———
CAPACITY1 —_—
CAPACITY2 —o—:—
IFIGENIA >

INPULSIS1 —_—
INPULSIS2 ——
MUSIC : ¢
TIPAC —_—
TOMORROW 1o

Subgroup (I-squared = 0.0%) ¢>

Current/ex smoker

ARTEMIS g
ASCEND ——
BUILD3 ——
CAPACITY1 —r——
CAPACITY2 —r
IFIGENIA

INPULSISH

INPULSIS2 i
MUSIC -_—
TIPAC ———
TOMORROW —_—,
BUILD1

Subgroup (I-squared = 0.0%) <>

aOR (95% Cl)

0.98 (0.82, 1.17)
0.97 (0.94, 1.01)
0.98 (0.93, 1.03)
1.03 (1.00, 1.06)
0.98 (0.94, 1.02)
1.04 (0.99, 1.09)
1.01 (0.95, 1.08)
1.00 (0.96, 1.03)
1.01 (0.97, 1.05)
0.98 (0.90, 1.07)
1.01 (0.95, 1.07)
1.02 (0.96, 1.08)
1.00 (0.99, 1.02)

0.81 (0.22, 3.03)
0.91 (0.51, 1.62)
0.91 (0.30, 2.78)
1.22 (0.55, 2.69)
0.74 (0.36, 1.51)
0.73 (0.35, 1.51)
0.72 (0.19, 2.70)
0.79 (0.36, 1.74)
0.74 (0.36, 1.55)
3.69 (0.86, 15.82)
1.35 (0.39, 4.67)

1.44 (0.43, 4.78)

0.91 (0.71, 1.18)

1.12
1.06
0.87
1.42
0.82
0.98
0.92
1.10

0.28, 4.38)
0.64, 1.74)
0.43, 1.76)
0.69, 2.93)
0.41,1.61)
0.27, 3.50)
0.42, 2.00)
0.58, 2.09)
0.97 (0.32, 2.98)
0.62 (0.19, 2.01)
0.47 (0.15, 1.45)
(Insufficient data)
0.96 (0.76, 1.22)

S S S~~~

%
Weight

0.57
16.16
6.67
16.01
9.47
9.1
4.43
13.45
11.38
2.40
5.17
5.17
100.00

3.66
19.20
5.16
10.21
12.36
12.06
3.66
10.32
11.82
3.01
4.12
4.43
100.00

3.03
22.84
11.46
10.77
12.32

3.46

9.43
13.61

4.50

4.11

4.47

100.00

I
0625 1

Figure 4-4 - Association of baseline demographic factors with disease progression presented using adjusted odds ratios

All estimates adjusted for age, sex, smoking status and baseline FVC.

I
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433

Forced Vital Capacity (FVC) — Placebo arms

Baseline FVC measurements were available from all included placebo cohorts. Meta-analysis

demonstrated, for every 5% decrement in baseline predicted FVC, there was a 24%
increased risk of overall mortality (aHR 1.24, 95%Cl 1.17;1.32, 1°=0.0%, 1764 participants)

and 12% increased likelihood of disease progression (aOR 1.12, 95%Cl 1.07;1.16, 12°=0.0%,

1526 participants) (Figure 4-5).

A.
O/O
Study aHR (95% Cl) Weight n/N
ARTEMIS -{—0— 1.83 (1.16, 2.88) 1.79 6/164
ASCEND T 1.19 (0.98, 1.46) 9.29 21/277
BUILD1 —:—0— 1.40 (1.02, 1.92) 3.69 8/84
BUILD3 —_ 1.27 (1.05, 1.55) 9.74 20/218
CAPACITY1 —:-0— 1.31 (1.10, 1.58) 11.26 20/174
CAPACITY2 —— 1.25 (1.00, 1.55) 7.77 171173
IFIGENIA —T—- 1.05 (0.84, 1.32) 7.39 9/75
INPULSIS1 -—o-i— 1.16 (0.95, 1.42) 9.14 14/205
INPULSIS2 ——— 1.43 (1.19, 1.71) 11.24 24/221
TIPAC —0:— 1.19 (1.03, 1.38) 16.60 19/86
TOMORROW —— 1.17 (0.98, 1.39) 12.09 19/87
Overall (I-squared = 0.0%) <> 1.24 (1.17,1.32) 100.00
I
.25 1
Decreased mortality Increased mortality
B. OA_’
Study aOR (95% ClI) Weight n/N
ARTEMIS : + 1.43 (1.05, 1.95) 2.21 15/53
ASCEND —r 1.16 (1.04, 1.30) 12.07  123/277
BUILD1 -—:—0— 1.17 (0.97, 1.40) 5.60 31/79
BUILD3 —_r— 1.16 (1.03, 1.32) 10.30 52/193
CAPACITY1 ——0-:— 1.08 (0.96, 1.20) 12.29 571174
CAPACITY2 —_—— 1.19 (1.04, 1.36) 9.49 571173
IFIGENIA —_— 0.95 (0.79, 1.15) 5.11 26/60
INPULSISH —-0—: 1.03 (0.94, 1.13) 14.94 741176
INPULSIS2 ——— 1.19 (1.08, 1.31) 14.25 83/199
TIPAC -—+— 1.11 (0.96, 1.28) 8.44 46/79
TOMORROW —_— 1.00 (0.83, 1.21) 5.30 29/63
Overall (I-squared = 25.9%) 0 1.12(1.07,1.17) 100.00
I

5

-y

Figure 4-5 — Forest plot for association of outcomes with baseline FVC per 5% decrement

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,

sex, and smoking status. A. Overall Mortality presented using adjusted hazard ratios. B. Disease progression presented

using adjusted odds ratios.
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In all participants, the mean absolute decline in %predicted FVC from baseline to twelve
months was 4.86% (95%Cl -4.14;5.59, 12=68%). Mean FVC change was stratified by baseline
FVC, and in those with a baseline FVC 2 80% predicted, 12-month FVC change was -201ml
(95%CI -237; -164, 12=49.9%) compared with -163ml (95%Cl -201; -125, 1°=74.4%) in
individuals with a baseline FVC below 80% predicted (p=0.627) (Figure 4-6). In participants
with lower baseline FVC, 117 participants died before they reached 12 months of follow up
and therefore could not be included in the analysis of mean FVC change. In comparison, of

those with a baseline FVC greater than 80% predicted, 16 participants died.

% Dead

Baseline FVC and Study 12m FVCml change (95% Cl) Weight n <12m
Baseline FVCpp<80%
ARTEMIS | ——1— -63.70 (-162.36, 34.96) 3.73 31 6
ASCEND b : -268.70 (-305.60, -231.80) 6.98 192 16
BUILD1 —_— -139.25 (-221.89, -56.61) 4.45 53 8
BUILD3 —— —129.21 (-180.38, -78.04) 6.17 126 7
CAPACITY1 —01I— —199.41 (-257.74, -141.08) 5.76 91 13
CAPACITY2 :—0— -137.68 (-196.23, -79.13) 5.75 106 7
IFIGENIA —:—0— -116.67 (-222.15, -11.19) 3.47 45 9
INPULSISH —_—— -176.00 (-238.69, -113.31) 5.51 100 7
INPULSIS2 —0:— —202.58 (-246.96, —158.20) 6.56 118 17
TIPAC + —166.94 (—242.20, -91.68) 4.82 49 18
TOMORROW ———| -104.86 (-205.80, -3.92) 3.64 35 9
Subgroup (I-squared = 74.4%) 0 -163.13 (-200.92, -125.33) 56.84

I
Baseline FVCpp?80% 1
ARTEMIS —;—0—— -95.00 (-240.12, 50.12) 2.29 12 0
ASCEND —0—: -225.90 (-278.36, —173.44) 6.10 65 4
BUILD1 —— —-293.75 (-421.57, -165.93) 273 24 0
BUILD3 -:—0— -123.56 (-187.27, -59.85) 5.45 59 1
CAPACITY1 —:0— -164.69 (-228.99, —-100.39) 5.42 70 1
CAPACITY2 —‘I'Q— -163.24 (-209.37, -117.11) 6.46 59 3
IFIGENIA + + -407.15 (-704.88, -109.42) 0.69 7 0
INPULSIS1 —0—: —241.51 (-309.77, -173.25) 5.20 65 4
INPULSIS2 + —204.83 (-287.94, -121.72) 4.43 63 2
TIPAC g -323.64 (-531.15, -116.13) 1.31 1 1
TOMORROW —0—;— -275.00 (-391.82, -158.18) 3.07 20 0
Subgroup (I-squared = 49.9%) Q —-200.78 (-237.14, -164.41) 43.16

1
Heterogeneity between groups: p = 0.627 :
Overall (I-squared = 64.5%) o -180.92 (-206.86, -154.98)  100.00

I I

-1000 0 100

Figure 4-6 - Forest plot for 12m FVC (ml) change stratified by baseline FVC.

Baseline FVC was stratified by a threshold of 80% predicted and absolute FVC (ml) change at 12m was pooled using
random-effects meta-analysis and compared across both groups.
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Three-month FVC measurements were available from all 12 placebo cohorts. Meta-analysis

demonstrated for every 2.5% relative FVC decline over three-months, there was a 15%

increased risk of overall mortality (aHR 1.15 per 2.5% relative FVC decline, 95%Cl 1.06;1.24,

12=59.4%, 1729 participants) and 30% increased likelihood of disease progression (aOR 1.30

per 2.5% relative FVC decline; 95%Cl 1.19;1.41, 1=66.1%, 1551 participants) (Figure 4-7).

Meta-regression was performed, and none of the factors assessed explained the variability

in mortality estimates, but concomitant steroid was a source of heterogeneity for disease

progression estimates (R?=31.65%; p=0.036) (Figure 4-25).

A. %
Study aHR (95% Cl) Weight n/N
ARTEMIS : 1.48 (0.95, 2.30) 2.49 4/140
ASCEND 1 —_— 1.48 (1.32, 1.66) 11.47 211277
BUILD1 ——:—0— 1.21 (0.88, 1.68) 4.07 8/84
BUILD3 —_— 1.20 (1.06, 1.37) 10.55 141197
CAPACITY1 -+ 1.13 (0.97,1.32) 9.48 17171
CAPACITY2 ——0:— 1.07 (0.88, 1.29) 7.86 171173
IFIGENIA —_— 1.06 (0.82, 1.36) 5.68 3/59
INPULSIS1 + 1.13 (0.99, 1.29) 10.68 11/194
INPULSIS2 —T 1.07 (0.94, 1.22) 10.55 18/210
MuUSIC —0——:— 0.95 (0.77,1.17) 7.01 10/64
TIPAC — 1.08 (0.94, 1.24) 10.07 18/82
TOMORROW - 1.11 (0.97, 1.28) 10.08 18/78
Overall (I-squared = 59.4%) <> 1.15 (1.06, 1.24) 100.00

T T
5 1 2
Decreased mortality Increased mortality

B. %
Study aOR (95% Cl) Weight n/N
ARTEMIS : + 1.74 (1.14, 2.67) 3.01 13/51
ASCEND | — 1.73 (1.46, 2.04) 8.85 123/277
BUILD1 —OJI— 1.25 (1.02, 1.54) 7.59 31/79
BUILD3 —_— 1.23 (1.08, 1.39) 10.42 43/184
CAPACITY1 —_— 1.24 (1.08, 1.44) 9.69 54/171
CAPACITY2 —— 1.37 (1.17, 1.61) 9.20 571173
IFIGENIA —_—— 1.21 (1.04, 1.42) 9.30 20/52
INPULSIS1 —— 1.36 (1.18, 1.57) 9.73 71172
INPULSIS2 [~ 1.12(1.00, 1.24) 11.17 77/193
MUSIC —:—0— 1.37 (1.09, 1.72) 6.77 29/64
TIPAC —_— 1.04 (0.90, 1.21) 9.55 45/76
TOMORROW —_— 1.60 (1.17,2.18) 4.73 28/59
Overall (I-squared = 66.1%) <> 1.30 (1.19, 1.41) 100.00

T T
5 1 2

Figure 4-7 - Forest plot of change in FVC (continuous) and outcomes, per 2.5% relative FVC decline over 3 months

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,
sex, smoking status, and baseline FVC. A. Overall Mortality. B. Disease progression.
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The median relative decline in FVC over three-months across participants in all studies was
2.3%. An FVC relative decline greater than 2.3% was associated with an estimated pooled
mean FVC difference of -280ml (95%Cl -309; -251, 1°=43.7%) at 12months, compared with
an estimated mean difference of -87ml (95%Cl -127; -48, 1>°76.1%) in those participants with
a lower three-month decline (p<0.001) (Figure 4-8). A greater proportion of participants
with an FVC relative decline > 2.3% over three-months died before their 12-month FVC

(9.5% vs 4.9%) and therefore could not be included in the analysis.

% Dead

Baseline FVC and Study 12m FVCml change (95% CI) Weight n <12m
3m FVC decline <2.3%
ARTEMIS : ——t— —-41.33 (-140.71, 58.05) 3.97 30 1
ASCEND - —169.94 (-205.62, —-134.26) 4.73 121 3
BUILD1 ﬂl—ﬁ—- -100.27 (-210.54, 10.00) 3.80 37 0
BUILD3 : —— -2.89 (-45.78, 40.00) 4.67 97 1
CAPACITY1 | —— —120.54 (-174.29, -66.79) 4.56 92 5
CAPACITY2 : —_ -59.59 (-112.79, -6.39) 457 94 4
IFIGENIA | ———— _3.48 (-139.61, 132.66) 3.41 23 1
INPULSISH : —— -104.72 (-162.47, -46.97) 4.52 87 3
INPULSIS2 —f—#— -144.57 (-211.50, -77.64) 4.41 81 4
MuUSIC 1 —r— -23.85 (-101.99, 54.29) 4.27 26 3
TIPAC —:4— _127.14 (-228.72, ~25.56) 3.03 28 9
TOMORROW —— —109.44 (-199.93, -18.95) 4.10 36 3
Subgroup (I-squared = 76.1%) : 0 -87.44 (-126.72, -48.16) 50.95

l
3m FVC decline > 2.3% 1
ARTEMIS : -4 —125.29 (-249.72, -0.86) 3.59 17 3
ASCEND —— ! —-336.15 (-380.70, —291.60) 4.66 136 17
BUILD1 —#—: —268.00 (-352.29, -183.71) 4.18 40 2
BUILD3 —— : —253.66 (-314.55, -192.77) 4.49 82 4
CAPACITY1 —— | —269.35 (-335.41, -203.29) 4.42 69 5
CAPACITY2 —_— : -262.31 (-316.15, —-208.47) 4.56 71 4
IFIGENIA —_—— -308.52 (-443.23, -173.81) 3.43 27 2
INPULSIS1 —— : -312.91 (-381.01, -244.81) 4.40 77 5
INPULSIS2 —_— : —250.98 (-299.39, -202.57) 4.62 100 8
MUSIC —e 1 -382.76 (—491.55, -273.97) 3.83 29 5
TIPAC —+—: -259.67 (-367.57, —151.77) 3.84 30 9
TOMORROW e e -318.13 (-479.88, —-156.38) 3.04 16 4
Subgroup (I-squared = 43.7%) 0 : —280.07 (-309.12, -251.03) 49.05

l
Heterogeneity between groups: p = 0.000 1
Overall (I-squared = 90.8%) o -180.43 (-226.37, -134.48)  100.00

| |
-1000 0 100

Figure 4-8 - Forest plot for 12m FVC (ml) change stratified by 3m FVC change.

The median FVC change for all participants was calculated (2.3%) and mean FVC (ml) change at 12m was calculated in
participants with a greater than 3m threshold change compared with a change below the threshold
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Optimal thresholds for three-month FVC relative change in determining death or disease
progression were estimated for each study and combined. A threshold of 5.7% (95%ClI
4.31;7.04, 1’=0.0%) relative FVC change over three-months had the greatest sensitivity and
specificity for predicting overall mortality (Figure 4-9). An FVC relative decline greater than
5.7% over three-months was associated with significantly increased mortality compared
with individuals who had an FVC relative decline < 5.7% over three-months (aHR 2.62, 95%ClI
1.73;3.96, 12=25.2%) (Figure 4-10). AUROC for each of the studies for a threshold of 5.7%
were estimated and combined for a pooled AUROC of 0.60 (95%Cl 0.55;0.64, 12=21.4%). The
pooled AUROC for predicting mortality using an FVC change of 10% at 12 months was 0.69

(95%Cl 0.59;0.79, 1°=0.0%) (Figure 4-12).

Optimal thresholds for determining disease progression were estimated at 3% (95%Cl
2.10;3.93, 12=31.3%) (Figure 4-9). An FVC relative change greater than 3% over three-months
was associated with a significantly increased likelihood of disease progression compared
with an FVC change below 3% (OR 3.64, 95%Cl 2.47;5.39, 1>°=58.5%) (Figure 4-11). The
pooled AUROC for a threshold of 3% for predicting disease progression was estimated as
0.65 (95%CI 0.61;0.70, 1>=65.6%), with studies permitting steroid use a source of

heterogeneity (R>=34.74; p=0.041) (Figure 4-12).
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Outcome and Study

Dead
ARTEMIS
ASCEND
BUILD1
BUILD3
CAPACITY1
CAPACITY2
IFIGENIA
INPULSIS1
INPULSIS2
MUSIC
TOMORROW
TIPAC
Subgroup (lI-squared = 0.0%)

Disease progression
ARTEMIS

ASCEND

BUILD1

BUILD3
CAPACITY1
CAPACITY2
IFIGENIA
INPULSIS1
INPULSIS2

MUSIC

TIPAC
TOMORROW
Subgroup (lI-squared = 31.3%)

N

L g

*

Optimal Threshold
(95% Cl)

4.86 (0.90, 10.40)
7.33 (4.31, 10.36)
4.61 (-3.37, 12.59)
6.40 (2.62, 10.18)
4.56 (-3.16, 12.29)
3.67 (0.06, 7.28)
7.37 (-3.39, 18.13)
7.48 (1.83,13.14)
5.54 (2.31, 8.76)
7.28 (2,57, 11.98)
-0.09 (-7.34, 5.56)
(Insufficient data)
5.67 (4.31,7.04)

4.27 (0.46, 7.30)
3.86 (2.60, 5.12)
0.13 (-4.36, 4.62)
2.31(-0.45, 5.07)
1.47 (-1.08, 4.01)
3.33 (1.33, 5.33)
7.37 (2.4, 12.30)
4.11(1.51,6.71)
4.11 (1.66, 6.57)
2.92 (1.01, 4.83)
-2.80 (-8.68, 3.08)
0.43 (-2.85, 3.70)
3.01 (2.10, 3.93)

%

Weight

8.23
20.35
2,92
13.00
3.12
14.24
1.61
5.81
17.86
8.41
4.47

100.00

5.77
18.82
3.65
8.01
8.99
12.20
3.09
8.72
9.43
12.90
225
6.17
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Figure 4-9 - Forest plot of pooled optimal FVC 3-month thresholds for determining death and disease progression.

Optimal thresholds and 95% confidence intervals for 3-month relative FVC decline in predicting death or disease progression

were calculated and pooled to create an overall optimal threshold.
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Variable and Study

FVC3m > or <5.67%

aHR (95% Cl)

3.59 (0.55, 28.30)
8.03 (3.02, 21.30)
2.12 (0.33, 13.70)
6.55 (1.89, 22.68)
1.31 (0.46, 3.67)
1.32 (0.45, 3.84)

ARTEMIS —e

ASCEND —
BUILD1 * :

BUILD3 —_—_
CAPACITY1 —_—

CAPACITY2 —_——

IFIGENIA —

INPULSIS1 —5—0—
INPULSIS2 -

MusIC e

TIPAC —_—t—

TOMORROW —_—

Subgroup (I-squared = 25.2%)

5.16 (0.33, 79.37)
4.73 (1.32, 16.92)
2.20 (0.82, 5.90)
3.73 (0.98, 14.26)
1.42 (0.51, 3.99)
1.40 (0.48, 4.10)
2.62 (1.73, 3.96)

%
Weight

3.89
11.74
4.29
8.36
10.88
10.42
214
8.03
11.60
7.43
10.89
10.32
100.00

Above
threshold
- dead/total

2/33
15/86
3/27
9/55
6/42
5/37
2/25
6/53
8/60
5/23
6/24
5/22

Below
threshold
- dead/total

2/106
6/191
5/57
5/148
11/129
12/136
1/34
5141
10/150
5/41
12/58
13/56

.015625 1
Decreased mortality

Increased mortality

64

Figure 4-10 - Forest plot for 3-month FVC empirical mortality threshold (5.7%) applied to all studies.

An optimum threshold for 3-month relative FVC change in predicting mortality was calculated and pooled. The pooled
threshold (5.7%) was applied to all studies to estimate the risk of overall mortality in individuals with an FVC decline greater

than 5.7% predicted over three-months compared with individuals who had an FVC decline less than 5.7% predicted.

Variable and Study

FVC3m >or < 3%
ARTEMIS
ASCEND
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BUILD3
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CAPACITY2
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INPULSIS2
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TIPAC
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Subgroup (l-squared = 58.5%)

L 3

aOR (95% Cl)

6.14 (1.31, 28.81)
6.71 (3.89, 11.59)
2.82 (0.96, 8.25)
2.65 (1.29, 5.46)
2.00 (1.01, 3.96)
4.32 (2.15, 8.67)
4.50 (1.20, 16.81)
4.01 (2.09, 7.70)
2.03 (1.10, 3.76)

33.17 (6.57, 167.29)
1.16 (0.44, 3.10)
8.55 (1.87, 39.04)
3.64 (2.47, 5.39)

%
Weight

4.55
12.06
719
10.24
10.66
10.51
5.64
10.97
11.33
4.26
7.92
4.66
100.00

Above
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— Prog/Total

8/46
941142
19/40
25/71
27/65
34/62
16/25
4473
43/93
24/32
22/35
13117
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threshold

— Prog/Total

5/93
29/135
12/39
18/113
27/106
23/111
9/28
27/99
34/100
4/31
23/41
15/42

I
.0078125

128

Figure 4-11 - Forest plot for 3-month FVC empirical disease progression threshold (3%) applied to all studies.

An optimum threshold for 3-month relative FVC change in predicting disease progression was calculated and pooled. The

pooled threshold (3%) was applied to all studies to estimate the likelihood of disease progression with an FVC decline

greater than 3% predicted over three-months compared with individuals who had an FVC decline less than 3% predicted.
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Outcome and Study
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7.14
9.09
9.44
9.80
6.31
9.80
9.80
8.40
7.14
7.44
100.00

Sensitivity

50
71
38
64
35
29
67
55
44
50
33
28

62
76
61
58
50
60
64
62
56
86
49
46

Specificity

77
72
68
76
77
79
59
74
73
67
72
72

76
69
56
67
68
76
68
71
57
77
58
87

Figure 4-12 - Forest plot of AUROC for overall optimal FVC threshold (5.7% for mortality and 3% for disease progression).

The overall optimal threshold was applied to each study to calculate the AUROC, sensitivity and specificity for predicting

outcomes.

434 FVCintreatmentarms

To explore whether short-term FVC change was associated with disease outcomes in

individuals receiving anti-fibrotics, | sought treatment arm IPD from 1684 individuals in all

six studies evaluating the use of pirfenidone and nintedanib (ASCEND, CAPACITY1,

CAPACITY2, INPULSIS1, INPULSIS2, TOMORROW). Baseline characteristics were well

matched with corresponding placebo arms (Table 4-4).
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Sample Stud Smoking White Age Sex - Baseline Baseline Baseline Baseline
Study siz: foIIowYx history % ’ ( egrs) male FVC, L FVC% DLeos 6MWD
P % ° v (%) ’ predicted predicted
2.64 69.9 43.7
ASCEND 278 12 (11-12) 66.2 91.8 68.4(6.7) 799 415 (98)
(0.66) (11.5) (10.5)
CAPACITY1 251 18 (17-20) 69 96 66.6(8.1) 70.1 2.88 769 46.7(9.1) 412 (99)
oA : (0.75) (14.8) A
2.93 76.9
CAPACITY2 170 18 (7-22) 65.3 98.8 66.8(7.9) 718 47.8(9.8) 378(82)
(0.76) (13.6)
2.76 73.9 47.8
INPULSIS1 309 13 (13-13) 77 75 66.9 (8.4) 81.2
(0.74) (15.4) (12.3)
2.67 74.3 47.0
INPULSIS2 332 13 (13-13) 68.7 55.6 66.4 (7.9) 77.7
(0.77) (16.9) (14.5)
TOMORROW 344 20 (16-24) 67.2 79.7  65.2(8.6) 75 2.79 753 473 415 (110)
: : B (0.77) (15.8) (12.5)

Table 4-4 - Baseline participant characteristics for included treatment arms

Baseline FVC % predicted values calculated using standardised global lung initiative (GLI) equations. Values for physiological

variables reported in mean (standard deviation) unless otherwise stated. 6MWD, six-minute walk distance, DLco, gas

transfer for carbon monoxide; FVC, forced vital capacity; MRC, medical research council; -, data not available

In treatment arms alone there was a 20% increased risk of overall mortality per 2.5%

relative FVC decline over three-months (aHR 1.20 per 2.5% relative FVC decline, 95%Cl

1.12;1.28, 1>=18.0%, 6 cohorts, 1602 participants, high certainty), and 46% increased

likelihood of disease progression (aOR 1.46 per 2.5% relative FVC decline, 95%Cl 1.36;1.57,

12=34.7%, 1455 participants, high certainty) (Figure 4-13). This was comparable to estimates

observed in the placebo arm alone suggesting FVC change over three-months predicts

disease outcomes irrespective of treatment.
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%

Study aHR (95% Cl) Weight n/N
ASCEND > 1.27 (1.05,153)  10.92  11/277
CAPACITY1 —— 1.39(1.19, 1.62) 15.37  22/250
CAPACITY2 —_— 1.13 (0.94, 1.34) 12.13  16/168

INPULSIS1 > 1.16 (0.94, 1.43) 9.01 14/292

INPULSIS2 —_— 1.21 (1.05, 1.39) 17.95  23/313
TOMORROW —_— 1.13 (1.03, 1.23) 34.62  49/302

Overall (I-squared = 18.0%) <> 1.20 (1.12, 1.28) 100.00

I I
.6666667 1 1.5
Decreased mortality Increased mortality
B.
%
Study aOR (95% Cl) Weight n/N
ASCEND —:—4— 1.53 (1.31, 1.78) 15.99  91/277
CAPACITY1 —— 1.65(1.38, 1.98) 12.70 62/246
CAPACITY2 — 1.47 (1.23, 1.76) 12.84 38/168
INPULSIS1 —_— 1.37 (1.19, 1.58) 17.71  59/258
INPULSIS2 A 1.58 (1.37, 1.83) 17.24  74/282
TOMORROW —+—: 1.31 (1.17, 1.46) 23.53 82/224
Overall (I-squared = 34.7%) <> 1.46 (1.36, 1.57) 100.00
I I
5 1 2

Decreased progression Increased progression

Figure 4-13 - Forest plot of change in FVC (continuous) and outcomes in treatment arms only, per 2.5% relative FVC decline
over 3 months

A: Adjusted hazard ratios (aHR) for overall mortality with 95% confidence intervals shown per 2.5% decline in FVC over 3
months. Number of patients who died (n) alongside total patients included (N) in the study. B: Adjusted odds ratios (aOR)
for disease progression with 95% confidence intervals shown per 2.5% decline in FVC over 3 months. Number of progressors
(n) alongside total patients included (N) in the study. All estimates were adjusted for baseline values, age, sex, and smoking
status.

To assess whether a treatment effect could be observed at three-months, the pooled
change in FVC over three-months was compared between treatment and placebo arms
(Figure 4-14). A greater FVC change in 1103 placebo treated individuals compared with 1434
treated individuals (-68.59ml vs. -27.66ml; coefficient 42.9ml; 95%Cl 24.0;61.8, p<0.001)
was found. Similar differences were observed when FVC was considered using relative

percent change (-2.55% vs. -0.99%; p<0.0001).
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3m FVC absolute %
Treatment group and Study change (ml) (95% CI) Weight N
Treatment
ASCEND —0,— —28.94 (-47.87, -10.01) 22.91 277
CAPACITY1 —_— —35.05 (-56.04, —14.06) 18.64 250
CAPACITY2 *> —20.30 (-50.70, 10.10) 8.89 168
INPULSIS1 + + —17.06 (-37.44, 3.32) 19.76 292
INPULSIS2 —oJI— -30.37 (-51.09, -9.65) 19.14 313
TOMORROW *> -32.89 (-60.65, -5.13) 10.66 302
Subgroup (I-squared = 0.0%) <> —-27.66 (-36.72, -18.60) 100.00
Placebo
ASCEND —_— —95.44 (-114.24, -76.64) 22.07 277
CAPACITY1 ¢ —-62.86 (-89.45, -36.27) 18.37 171
CAPACITY2 | * -38.85 (-65.89, —11.81) 18.17 173
INPULSIS1 —e —64.87 (-97.50, —32.24) 15.71 194
INPULSSI2 + L -85.08 (-113.95, -56.21) 17.33 210
TOMORROW L > —47.69 (-104.69, 9.31) 8.34 78
Subgroup (I-squared = 63.8%)-<> -68.59 (-88.29, —48.89) 100.00
T T
-100 0 20

B 3m FVC relative %
Treatment group and Study change (%) (95% Cl) Weight N
Treatment
ASCEND —_— -1.18 (-1.90, -0.46) 20.82 277
CAPACITY1 —_— -1.35 (-2.07, -0.63) 20.68 250
CAPACITY2 —_— -0.47 (-1.44, 0.49) 11.61 168
INPULSIS1 —_— -0.58 (-1.33, 0.17) 19.26 292
INPULSIS2 —o{— -1.05 (-1.81, -0.29) 18.71 313
TOMORROW * -1.13 (-2.24, -0.03) 8.92 302
Subgroup (I-squared = 0.0%) <> -0.99 (-1.32, -0.66)  100.00
Placebo )
ASCEND —_— \ -3.86 (—4.64, —-3.08) 20.03 277
CAPACITY1 —_— -2.36 (-3.32, —1.40) 18.31 171
CAPACITY2 e o -1.57 (-2.53, -0.61) 18.35 173
INPULSISH — -2.23 (-3.50, -0.97) 15.52 194
INPULSIS2 ' -3.24 (-4.34, -2.14) 17.01 210
TOMORROW -1.45 (-3.34, 0.43) 10.77 78
Subgroup (lI-squared = 71.5%) <>- -2.55 (-3.38, -1.72)  100.00

T I
-5 0 1

Figure 4-14 - Forest plot of pooled 3m FVC change stratified by placebo and treatment

A: Pooled 3m absolute FVC change (ml) with 95% confidence intervals for placebo and treatment arms. N, total patients
included in analysis. B: Pooled 3m relative FVC change (percent) with 95% confidence intervals for placebo and treatment
arms. N, total patients included in analysis

Since studies are typically powered on 12-month FVC change, the difference between
treatment and placebo arms were compared at 12-months to enable power calculations and
sample size estimates for future shortened studies. At 12-months an FVC change of -196.5ml
(95%Cl -233.1; -159.9) was observed in the placebo arm compared with -113.3ml (95%ClI -

136.5; -90.2) in individuals who received treatment (p<0.0001) (Figure 4-15).
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12m FVC absolute %

Treatment group and Study change (ml) (95% ClI) Weight N
Treatment

ASCEND —_— : -158.54 (-188.57, -128.51) 17.85 267
CAPACITY1 —OE— -117.37 (-147.55, -87.19) 17.79 240
CAPACITY2 . -94.30 (-133.23, -55.37) 14.83 164
INPULSIS1 —E—O— -91.72 (-121.85, -61.59) 17.81 250
INPULSIS2 -e—‘— -86.26 (-120.07, -52.45) 16.53 270
TOMORROW [ — -128.30 (-166.11, =90.49) 15.19 236
Subgroup (I-squared = 66.0%) 0 -113.25 (-136.48, -90.02) 100.00

Placebo

ASCEND —_— : -257.89 (-288.52, —227.26) 19.64 257
CAPACITY1 —E—O— -184.31 (-227.49, -141.13) 17.29 161
CAPACITY2 | —— -146.81 (-187.83, -105.79)  17.71 165
INPULSIS1 —0:— —201.81 (—248.48, —155.14) 16.62 165
INPULSIS2 —0-;— —203.54 (—244.32, -162.76) 17.75 181
TOMORROW : + -166.73 (-246.14, -87.32) 10.99 55

(

Subgroup (I-squared = 76.2%) <> -196.51 (-233.09, -159.94)  100.00

T T
-200 0 100

Figure 4-15 - Forest plot for 12-month FVC change by treatment and placebo arms.

Pooled 12m absolute FVC change (ml) with 95% confidence intervals for placebo and treatment arms. N, total patients
included in analysis

The difference in FVC change between treatment and placebo arms estimated a weighted
standardised difference of 0.22 at three-months and 0.328 at twelve-months, suggesting
future trials would require a total sample size of 872 if FVC change at three-months was the
endpoint, compared with a sample size of 394 if FVC was measured at twelve-months,
assuming 90% power, alpha 0.05, and equal allocation. When studies with modest effect
sizes at both three and twelve-months were excluded (TOMORROW and CAPACITY2), an
overall standardised difference of 0.273 at three-months and 0.373 at twelve-months was

estimated suggesting total sample sizes of 566 and 306 respectively.
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4.3.5 Gas transfer for carbon monoxide (DLco)

Baseline DLco measurement from eleven cohorts demonstrated for every 5% decrement in

%predicted DLCO, there was a 24% increased risk of mortality (aHR 1.24, 95%Cl 1.14;1.34,

12=0.0%, 1734 participants) and an 8% increased likelihood of disease progression (aOR 1.08,

95%Cl 1.03;1.14, 1°=0.0%, 1512 participants) (Figure 4-16).

%

A. Study aHR (95% Cl) Weight n/N
ARTEMIS —_— 1.83 (1.16, 2.88) 1.79 6/164
ASCEND —oll— 1.19 (0.98, 1.46) 9.29 21/277
BUILD1 —_— 1.40 (1.02, 1.92) 3.69 8/84
BUILD3 —:0— 1.27 (1.05, 1.55) 9.74 20/218
CAPACITY1 o 1.31 (1.10, 1.58) 11.26 201174
CAPACITY2 + 1.25 (1.00, 1.55) 7.77 171173
IFIGENIA —t— 1.05 (0.84, 1.32) 7.39 9/75
INPULSIS1 -—0:— 1.16 (0.95, 1.42) 9.14 14/205
INPULSIS2 ——— 1.43 (1.19,1.71) 11.24 24/221
TIPAC —0:— 1.19 (1.03, 1.38) 16.60 19/86
TOMORROW —— 1.17 (0.98, 1.39) 12.09 19/87
Overall (I-squared = 0.0%) 0 1.24 (1.17,1.32) 100.00

I
.25 1
Decreased mortality Increased mortality

B. %

Study aOR (95% ClI) Weight n/N
ARTEMIS . * 1.18 (0.88, 1.58) 2.76 15/53
ASCEND —:—0— 1.15(1.01,1.32) 13.27 123/277
BUILD1 + T 0.97 (0.76, 1.23) 4.02 31/79
BUILD3 —-0—}— 1.02 (0.91, 1.15) 18.40 52/192
CAPACITY1 o 1.07 (0.89, 1.30) 6.49 56/172
CAPACITY2 : + 1.29 (1.03, 1.60) 5.02 571173
IFIGENIA * 1.07 (0.89, 1.30) 6.73 26/60
INPULSIS1 :—0— 1.18 (1.02, 1.37) 11.30 74/176
INPULSIS2 —_—— 1.02 (0.92, 1.13) 22.49 83/199
TIPAC + : 0.99 (0.80, 1.22) 5.18 38/69
TOMORROW : * 1.19 (0.94, 1.50) 4.33 28/62
Overall (I-squared = 0.0%) <> 1.08 (1.03, 1.14) 100.00

I
.6666667

Figure 4-16 - Forest plot for association of outcomes with baseline DLco per 5% decrement

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,
sex, smoking status, and baseline FVC. A. Overall Mortality. B. Disease progression.

141



Three-month DLco measurements were available from six cohorts. Meta-analysis estimated
for every 2.5% relative decline in DLco, there was a 7% increased risk of death mortality (aHR
1.07, 95%CI 1.04;1.11, 1>=0.0%, 736 participants) (Figure 4-17). A similar likelihood of
disease progression was estimated (aOR 1.08; 95%Cl 1.02;1.15, 1>°=79.2%, 651 participants),

though there was substantial heterogeneity which was not attributable to the factors

assessed.
%
Study aHR (95% Cl) Weight n/N
BUILD1 —— 1.10 (0.89, 1.36) 2.43 7/83
1
BUILD3 —o{— 1.05 (1.00, 1.11) 48.24 14/193
CAPACITY1 1.08 (1.01, 1.14) 30.22 17/169
CAPACITY2 —+— 1.07 (0.97, 1.18) 12.35 171173
I
IFIGENIA T 1.14 (0.99, 1.31) 5.79 3/58
I
MUSIC + 1.50 (1.06, 2.11) 0.96 8/60
Overall (I-squared = 0.0%) ¢ 1.07 (1.04, 1.11) 100.00
Decreased mortality Increased mortality
O/O
Study aOR (95% Cl) Weight n/N
BUILD1 : + 1.18 (1.03, 1.34) 11.95 30/78
BUILD3 : 1.01 (0.99, 1.03) 27.06 43/180
]
CAPACITY1 —_— 1.13 (1.06, 1.21) 20.61 53/169
I
CAPACITY2 —0—:— 1.06 (0.99, 1.13) 21.33 571173
IFIGENIA —;—0— 1.10 (1.02, 1.19) 19.05 20/51
Overall (I-squared = 79.2%) 0 1.08 (1.02, 1.15) 100.00
I I

.75 1 1.333333

Figure 4-17 - Forest plot of change in DLco (continuous) and outcomes, per 2.5% relative DLco decline over 3 months

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,
sex, smoking status, baseline DLco and baseline FVC. A. Overall Mortality. B. Disease progression.
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Optimal three-month thresholds were identified to determine mortality and disease

progression. A three-month relative decline in DLco of 10.51% (95%Cl 4.14;16.88, 12=19.9%)

for predicting mortality was estimated (Figure 4-18), with a pooled AUROC of 0.64 (95%Cl

0.54;0.74, 1>=70.7%) (Figure 4-19). The optimal threshold for predicting disease progression

was 7.24% (95%Cl 4.63;9.84, 1°=0.0%) with a pooled AUROC of 0.61(95%Cl 0.57;0.66,

12=23.2%)
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L IR
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20.79 (-0.05, 41.63)
10.51 (4.14, 16.88)

6.32 (-0.24, 12.89)
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100.00

15.76
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Figure 4-18 - A: Forest plot of pooled optimal thresholds and 95% confidence intervals for 3-month relative DLco decline in
predicting death or disease progression.
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Figure 4-19 - Forest plot of AUROC for overall optimal threshold (10.5% for mortality and 7.2% for disease progression).

The overall optimal threshold was applied to each study to calculate the AUROC, sensitivity and specificity for predicting

outcomes.

4.3.6 Six-minute walk distance (6MWD)

Baseline 6MWD measurements and their association with clinical outcomes were available

from six cohorts. Meta-analysis estimated a 26% greater risk of mortality (aHR 1.26, 95%Cl

1.12;1.42, 12=0.0%, 828 participants) per 50m decrement in baseline walk distance (Figure 4-

20). Estimates for disease progression per 50m decrement were inconclusive (aOR 1.10,

95%Cl 0.98;2.24, 1>=40.4%, 718 participants). Study heterogeneity was low, but meta-

regression identified studies permitting the inclusion of participants with severe disease

(R?=65.17; p=0.017) and non-incident cases (R?>=65.17; p=0.017) as sources of variability.
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O/ ©°

Study aHR (95% Cl) Weight n/N
ASCEND —:—0— 1.45 (1.14, 1.84) 25.06 21/277
BUILD1 : 1.08 (0.61, 1.92) 4.34 8/84
CAPACITY1 ——0—:— 1.12 (0.86, 1.46) 21.12 19/170
CAPACITY2 I g 1.52 (1.12, 2.08) 15.13 16/168
TIPAC I + 1.30 (0.80, 2.12) 6.06 4/43
TOMORROW —O—E— 1.11 (0.89, 1.39) 28.28 18/86
Overall (I-squared = 0.0%) <> 1.26 (1.12, 1.42) 100.00
I
.5
Decreased mortality Increased mortality
B. | %
Study aOR (95% Cl) Weight n/N
ASCEND —— 1.11(0.97, 1.27) 27.31 123/277
BUILD1 * 1.36 (0.94, 1.97) 8.32 31/79
CAPACITY1 [—r——— 1.22 (1.00, 1.48) 19.71 55/170
CAPACITY2 [ 1.08 (0.89, 1.32) 19.69 54/168
TIPAC + 0.74 (0.583, 1.02) 10.30 20/41
TOMORROW —— 1.12(0.87, 1.44) 14.67 28/62
Overall (I-squared = 40.4%) <:> 1.10 (0.98, 1.24) 100.00

I
5

Figure 4-20 - Forest plot for association of outcomes with baseline 6MWD per 50m decrement

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,
sex, smoking status, and baseline FVC. A. Overall Mortality. B. Disease progression.

In three-month analyses, 6MWD were available from four cohorts. Longitudinal change, per

20m decline, predicted mortality (aHR 1.09 per 20m decline, 95%Cl 1.01;1.17, 1°=0.0%, 696

participants) and disease progression (aOR 1.11 per 20m decline; 95%Cl 1.05;1.17, 1>=0.0%,

691 participants) (Figure 4-21). Three-month optimum thresholds for determining clinical

outcomes could not be estimated due to insufficient data.
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Study aHR (95% Cl) Weight n/N
I
ASCEND >t 1.05 (0.90, 1.21) 24.26 21/277
I
I
BUILD1 T g 1.25 (1.05, 1.49) 17.05 8/84
I
CAPACITY1 ¢: 1.07 (0.94, 1.22) 32.89 16/167
I
CAPACITY2 —_— 1.05 (0.91, 1.21) 25.80 16/168
I
Overall (I-squared = 0.0%) <> 1.09 (1.01,1.17) 100.00
|
6666667 1
Decreased mortality Increased mortality
°/0
B. :
Study aOR (95% Cl) Weight n/N
I
ASCEND —— 1.10 (1.00, 1.21) 3250 123/277
I
I
BUILDA1 —e 1.16 (0.99, 1.36) 11.92  31/79
I
CAPACITY1 —+— 1.11 (1.00, 1.22) 28.58  52/167
I
CAPACITY2 — 1.10 (0.99, 1.22) 27.00 54/168
I
Overall (I-squared = 0.0%) 1.11 (1.05, 1.17) 100.00

Figure 4-21 - Forest plot of change in 6MWD (continuous) and outcomes, per 20m decline over 3 months

1.333333

Number of individuals who died (n) alongside total individuals included (N) in the study. All estimates were adjusted for age,

sex, smoking status, baseline DLco, baseline FVC and baseline 6MWD. A. Overall Mortality. B. Disease progression.

4.3.7 Publication bias

Publication bias was assessed per outcome using funnel plots and Egger’s test where at

least ten cohorts were included in the analysis. Baseline FVC analyses were associated with
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publication bias for estimates of overall mortality, and three-month FVC change was

associated with publication in estimates of disease progression (Figure 4-22).

A. Baseline FVC and overall mortality
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Figure 4-22 - FVC publication bias.

B. 3m FVC change and overall mortality
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Publication bias assessed using Egger’s test where 210 studies were included. P values have been included where possible

In estimates of DLco and 6MWD, there were insufficient studies to enable Egger’s test, but

visual inspection of funnel plots did not suggest publication bias (Figure 4-23 and Figure 4-

24).
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A. Baseline DLCO and overall mortality
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Figure 4-23 - DLco publication bias.
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A. Baseline 6MWD and overall mortality
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Figure 4-24 - 6MWD publication bias.

B. 3m 6MWD and overall mortality
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4.3.8 Meta-regression

Baseline FVC 3-month change in FVC 3-month FVC threshold FVC threshold AUROC
. . . . Disease .
Variables Overall mortality Dlseasc'e Change in FVC Overall mortality Dlseasc'e Overall mort.ahty progression (3% Overall mortality Dlseasc.e
progression over 12m progression (>5.7% decline) decline) progression
P P P P P RZ (9 P R? (% P val P
R2 (%) R2(%) R2 (%) R2(%) R2 (%) (%) (%) Vale R (%) R2(%) | Pvalue
value value value value value value value
FVCvs. non GLI 0.00 0.199 0.00 0.774 17.79 0.191 0.00 0.995 0.00 0.947 8.15 0.163 0.00 0.260 2.84 0.297 6.37 0.175
Concomitant steroid use 0.00 0.413 0.00 0.269 0.00 0.381 2.14 0.343 31.65 0.036 0.00 0.838 16.67 0.119 0.00 0.584 34.74 0.041
Inclusion of severe cases 0.00 0.628 0.00 0.811 22.21 0.157 0.00 0.927 5.99 0.304 0.00 0.497 0.00 0.327 0.00 0.644 0.00 0.411
IPF diagnosis within 5 years 4.94 0.475 0.00 0.811 0.00 0.84 0.00 0.859 0.00 0.476 0.00 0.871 0.00 0.476 0.00 0.622 0.00 0.473
Baseline DLco 3-month change in DLco 3-month DLco threshold DLco threshold AUROC
. . . Disease )
Variables Overall mortality D'Seasf* Overall mortality D'Seasf* Overall mort:?nhty progression (>7.2% | Overall mortality D'Seas?
progression progression (>10.5% decline) decline) progression
P P P P P P
R2 (%) R2 (%) R2 (%) R2 (%) R2 (%) R2(%) | Pvalue | R%(%) R2(%) | Pvalue
value value value value value value
FVCvs. non GLI 0.00 0.294 0.00 0.498 0.00 0.559 69.57 0.025 100 0.092 0.00 0.770 57.99 0.062 0.00 0.805
Concomitant steroid use 94.17 0.005 99.99 0.077 98.96 0.575 0.00 0.785 100 0.310 0.00 0.810 75.13 0.017 0.00 0.720
Inclusion of severe cases 0.00 0.681 0.00 0.686 0.00 0.927 0.00 0.787 100 0.180 0.00 0.77 100 0.000 0.00 0.805
IPF diagnosis within 5 years 0.00 0.681 0.00 0.811 0.00 0.859 0.00 0.787 N/A N/A 50.63 0.088 100 0.000 26.22 0.233

Baseline 6MWD

3-month change in 6MWD

Disease

Disease

Variables Overall mortality . Overall mortality )
progression progression
R (%) vallaue R (%) vallaue R (%) vallaue R (%) vallaue
FVCvs. non GLI N/A N/A N/A N/A N/A N/A N/A N/A
Concomitant steroid use 100 0.006 0.00 0.532 99.99 0.049 99.85 0.479
Inclusion of severe cases 0.00 0.479 65.17 0.017 N/A N/A N/A N/A
IPF diagnosis within 5 years 0.00 0.916 65.17 0.017 N/A N/A N/A N/A

Table 4-5 - Results of meta-regression for variables assessed separated by study outcomes, in placebo arms only

Sample sizes for each outcome shown (n). R2 and p values from meta-regression shown where applicable. Significant p values (p<0.05) are highlighted in red.
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439 GRADE

Several exposure variables and outcomes were assessed, and GRADE was used to rate
confidence in estimates. The risk of bias in all estimates was low as exposures were
measured objectively for all participants and IPD enabled consistent adjustment for
important covariates. All included studies were multi-centre in design and recruited
participants according to international consensus criteria, and therefore the results of the
meta-analysis are generalisable to the broader IPF population. Publication bias was present
for some of the outcomes assessed though in most this could not be formally assessed using

Egger’s test due to insufficient studies.

The association between baseline FVC and overall mortality was rated with moderate
certainty due to publication bias, and high certainty for disease progression estimates.
There was evidence of statistical heterogeneity in estimates for change in FVC over three-
months for both mortality and disease progression outcomes, leading to a rating of
moderate certainty. The association between DLco and mortality was rated with moderate
certainty due to the presence of publication bias, and high certainty for disease progression
estimates. Estimates for the change in DLco over three-months and mortality were rated
with high certainty, whilst due to the presence of statistical heterogeneity, estimates for
disease progression were rated with moderate certainty. The association between both
baseline and three-month change in 6MWD and mortality were rated with high certainty.
Effects for baseline 6MWD and disease progression were inconclusive and imprecise, and
therefore findings were rated with low certainty. Change in 6MWD and disease progression

were rated with moderate certainty due to the presence of study heterogeneity.
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4.4 Discussion

An earlier chapter demonstrated a clear association between blood biomarkers and disease
outcomes in IPF. MMP-7 measured at baseline, but not the change over three-months was
associated with an increased risk of mortality and disease progression. The aim of this chapter
was to utilise robust methodology to complement the findings of the blood biomarker review
by exploring the role of commonly measured physiological variables, both as prognostic

biomarkers and as surrogate endpoints for clinical trials.

4.4.1 Summary of findings

The key findings of this review demonstrate physiological variables measured at baseline
and their change over three-months are associated with poorer outcomes in IPF. In placebo
arms, baseline FVC, DLco and 6MWD were independently associated with mortality, whereas
FVC and DLco, but not 6BMWD were associated with disease progression. A three-month
change in all physiological measurements, particularly FVC were associated with poorer
outcomes. Optimal thresholds for three-month change in physiological variables for
determining outcomes with the greatest sensitivity and specificity were identified using ROC
analysis in placebo arms. Demographic variables including age, gender and smoking status
were explored, with age an independent predictor of mortality. GRADE was applied to
assess the certainty of findings, and outcomes for the change in lung function are rated with
either moderate or high certainty. The association of disease progression and baseline
6MWD was rated with low certainty, whereas estimates of mortality were rated with high

certainty.
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Findings for three-month change in FVC and disease outcomes were replicated in trial
treatment arms, supporting the prognostic significance of three-month FVC change
irrespective of anti-fibrotic treatment. Notably, comparing FVC change between placebo
and corresponding treatment arms, a benefit from anti-fibrotics could be observed at the

early three-month time point.

4.4.2 Implications for clinical practice

The findings of this review support the use of age, baseline lung function and total distance
walked as prognostic biomarkers in IPF, whereas sex and smoking status are unlikely to offer
additional prognostic value. In longitudinal analysis, a 15% increased risk of mortality and
30% increased likelihood of disease progression was estimated per 2.5% relative decline in
FVC over three-months, though on an individual level, test variability must be considered.
However, the pre-test probability for disease progression in IPF is high and thus marginal
declines are more likely to represent true deterioration than technical variation alone,
particularly when associated with increased symptomology or equivocal radiological
deterioration. Nonetheless, the findings of this review suggest that short-term change in
physiological variables that were previously regarded as evidence of clinically stable disease
may be clinically important and worthy of more intense evaluation. Further clinical
evaluation should focus on combining with other prognostic markers such as age,
radiological scores, and molecular and genetic biomarkers that reflect underlying disease
activity. In the UK, anti-fibrotic therapy is licensed for individuals with an FVC between 50-

80% predicted.3® The consideration of anti-fibrotics for mild but progressive IPF as

152



evidenced by rapid FVC decline over three months, beyond that explained by test variability,

may be beneficial and requires further study.

Whilst short-term change in DLco and 6MWD showed an association with outcomes, the
effect size was lower compared with change in FVC. The superiority of serial FVC over DLco
and 6MWD may be explained by its greater reproducibility and less variability®®, though
three-month DLco was missing in 6/12 datasets, which could be non-random and due to
severe disease, potentially underestimating effect estimates. The 6MWD offers several
advantages over lung function testing, requiring minimal operator skill or special
equipment, is inexpensive, and can be flexibly performed in several hospital and community
settings?%®, Individually, each of the physiological markers evaluated have distinct

advantages suggesting there may be a role for each in the prognostication of IPF.

4.4.3 Implications for future clinical trials

The findings of this review have the potential to streamline future clinical trials in IPF. Several
endpoints have been considered for IPF trials including mortality, hospitalisation, acute
exacerbations, patient-reported outcomes, and the total distance walked, but none are ideal
and are associated with several limitations*®>. Therefore, surrogate markers for mortality
including an FVC change over twelve-months are commonly used primary endpoints in
interventional trials®* 178390391 However, current trials based on a twelve-month endpoint are
lengthy, expensive, and hampered by considerable missing data due to participant death and

406

loss to follow up, often requiring imputation®®®. Moreover, in a condition with poor prognosis,
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a twelve-month study limits treatment options and commits a significant period of a subject’s
remaining life to a clinical trial with attendant hospital visits. An earlier endpoint, although
requiring more patients, could mitigate these limitations by supporting objective evaluations
in early study termination, minimising lengthy and costly studies of ineffective drugs, and

enabling short term placebo-controlled trials to be performed.

In traditional studies enrolment periods can last several years to facilitate recruitment,
capture events, and permit open label extensions to determine potential long term adverse
effects. In shorter studies requiring larger sample sizes, recruitment periods could be shorter
but more intensive. Beyond three months all patients could be offered study drug in an open
label extension to determine longer term toxicity in a traditional approach or be randomised
to an alternative therapy in an adaptive approach. Furthermore, as recently demonstrated*®’,
three-month placebo control trials are still feasible in the presence of standard of care raising

the prospect of more drugs successfully demonstrating proof of principle in clinical trials.

The findings of this review are particularly pertinent in the anti-fibrotic era where accurate
stratification and cohort enrichment strategies are likely to be of greater importance due to
reduced rates of disease progression and mortality in those receiving anti-fibrotics. In this
study, when FVC decline over three-months was dichotomised according to the cohort
median (2.3%), notable differences in FVC decline over twelve-months were observed
between groups (280ml vs. 87ml; p<0.001). This illustrates that three month declines in lung
function are highly predictive of twelve-month change and may permit enrichment into

clinical trials based on short term disease behaviour.
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4.4.4 Comparison with existing literature

Associations between baseline physiology and disease outcomes in IPF have been
demonstrated in smaller studies previously. However, many of these studies have been
retrospective analyses of modest sample sizes, have included participants receiving
interventional drugs in clinical trials where the effect may be unknown, have been limited
by only reporting unadjusted estimates, and have utilised data-dependent thresholds for
change in physiology®°. In a combined clinical trial cohort of well-characterised IPF
participants recruited into the placebo arms of the CAPACITY and INSPIRE studies, baseline
FVC and 6MWD were independently associated with an increased risk of mortality and
composite disease progression outcomes*®, In a further study of over 1100 participants
pooled from the placebo arms of nintedanib and pirfenidone trials (TOMORROW, INPULSIS,
ASCEND and CAPACITY), baseline FVC and DLco were categorised into quartiles, and the risk
of death was found to be highest for those subjects in the lower quartiles (FVC < 55%
predicted, DLco < 36% predicted)*®. The research presented in this chapter helps provide
reliable interpretations of effect size in a larger cohort pooled from ten interventional
clinical trials performed worldwide, with baseline FVC and 6MWD examined as continuous
variables using IPD meta-analysis. The inclusion of several clinical trials broadens the
inclusion criteria of participants studied in these analyses, and therefore increases the

generalisability of the findings.

Several studies have explored the association of longitudinal change in physiological
variables and disease outcomes in IPF. In the largest study to evaluate the relationship

between longitudinal change in physiology and disease outcomes in untreated IPF, placebo
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arm participants recruited into two interventional trials were pooled. The change in FVC
over 24-weeks was associated with an unadjusted increased risk of mortality and composite
disease progression outcomes*%. Another study consisting of both placebo and treatment-
arm participants pooled from two clinical trials of interferon-y1b, replicated these findings
using categorical variables, with an FVC decline >5%, and a DLco decline >15% over 24-
weeks both independently associated with a two-fold increased risk of death?®?. In a further
study of participants recruited into a clinical trial cohort, a 24-week decline greater than
50m in the BMWD was associated with a fourfold increased risk of death at one year?®,
Taken together these studies consistently demonstrate that the change in physiological
variables over 24-weeks can accurately and independently predict poor outcomes in IPF.
The present study is the largest to evaluate longitudinal change in physiological variables
and its association with disease outcomes in IPF, and the first to establish the prognostic
significance of change over a shorter time-period of three-months, whilst concurrently
identifying optimal threshold values. Of particular significance, this study is the first study to
identify a treatment benefit with current anti-fibrotics as early as three-months. Moreover,
unlike previous pooled studies where participants from different studies have been treated
as one large cohort, this study is the first to utilise IPD meta-analysis to combine cohorts
using a random effects model, and thus account for differences in individual trial
populations. IPD meta-analysis enabled all analyses to be performed on a linear scale with
consistent adjustment for common confounding factors and standardisation of outcomes

and therefore the findings are more likely to be robust.
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Studies evaluating demographic factors as prognostic markers in IPF have shown little
consistency. In a large clinical trial cohort, neither age nor sex were associated with
mortality or disease progression outcomes, though analyses were unadjusted for
confounding factors 4%, In a similar clinical trial cohort, an age above 70 years doubled the
risk of all-cause mortality in multivariate analysis, compared with participants below 60
years of age, but no associations were found with sex?°L. In the largest placebo cohort to
date of approximately 1100 participants, age over 75 years and a previous smoking history
rather than current smoking history were associated with an increased risk of death in
multivariate analysis.*® Similar improved outcomes in current smokers were reported in
another retrospective study*, but it is likely these findings represent a “healthy smoker
effect” where symptomatic individuals with more severe disease are more likely to cease
smoking. In the present study, to overcome the healthy smoker effect, smoking status was
categorised into ever and never smoker, and no association was found with either mortality
or disease progression. There was a 4% increased risk of death per year increase in age, with
age analysed on a continuous scale as this is more likely to be helpful to clinicians, than
categorical variables based on arbitrary thresholds. Whilst male sex is known to confer an
increased risk of developing IPF, findings from this study suggest sex does not offer

additional prognostic insights once IPF is diagnosed.

4.45 Limitations

Limitations must be considered in the interpretation of the findings of this study. Importantly,
there is a risk of selection bias as the cohort included in this study were recruited into

interventional clinical trials with specific inclusion criteria, typically excluding participants

157



with severe disease or those unlikely to survive the study duration. However, though
participants had mild-moderate severity at baseline, several progressed during the period of
follow up, and therefore findings are likely to be generalisable to the broader IPF population.
Further selection bias can be attributed to the requirement for participants to survive at least
three-months after their baseline visit to be included in analyses of longitudinal change,
although exclusion on this criterion represented a small proportion of participants (2.3%;
41/1770) and is unlikely to have influenced overall estimates. Accessing data from discrete
studies across multiple servers and research environments limited management of missing
IPD values, with a two-step IPD meta-analysis design used to facilitate analysis of individual

study estimates.

Further limitations include the dependence of secondary endpoints (disease progression and
change in FVC at twelve months) on FVC, whilst the exposure variable also included FVC,
though at an earlier timepoint. However, the primary endpoint of mortality was not
dependent on FVC, and summary estimates remained consistent. Though this is the largest
cohort of untreated individuals with IPF, IPD could not be retrieved from 1214 participants.
There are two key considerations here. Firstly, data from the majority of important phase
three clinical trials In IPF over the precious decade were included, and secondly tabulation of
study and participant characteristics suggested there was little difference compared with the
included studies, limiting the possibility of availability bias. Moreover, whether IPD was
available from a particular trial was unlikely to be influenced by its findings, as the evaluation

of physiological prognostic markers was not the objective of any trial.
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4.4.6 Future direction

This study identifies several priorities for future research. The AUROC for predicting mortality
for both the optimal three-month threshold, and for an FVC of 10% at twelve months were
suggestive of relatively poor discriminatory performance. This highlights the importance of
identifying more sensitive endpoints, and future studies should combine longitudinal change
in physiological biomarkers with radiology and molecular biomarkers in clinical prediction
models, to increase the specificity and sensitivity for predicting disease outcomes. Moreover,
the prognostic significance of desaturation episodes during six-minute walk tests was not
explored, and further research should investigate this further. From a clinical trial perspective,
future trials should consider change in FVC over three-months as an endpoint. Short-term
change in physiology, both alone and in combination with other biomarkers in clinical
prediction models, should be explored in other fibrotic ILDs to ascertain whether three-month

change in physiology is a biomarker of progressive fibrosis irrespective of aetiology.

4.5 Summary

This is the largest study to explore the association between physiological variables and
disease outcomes in well-characterised individuals with IPF. Key findings demonstrate
baseline and three-month change in all physiological variables, particularly FVC offer insights
as prognostic biomarkers. Findings for FVC change over three-months are reproduced in
treatment arms, and comparisons between treatment and placebo arms demonstrate an
observable treatment effect at three-months. The findings from this study have the potential
to offer clinical benefits for individual patients and help streamline future clinical trials by

utilising FVC change over three-months as a surrogate endpoint in adaptive trial design.
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Chapter 5 An observational study to explore biomarkers of
progressive fibrotic lung disease

5.1 Introduction

ILD encompasses a heterogeneous group of inflammatory and fibrotic parenchymal lung
disorders. As discussed in Chapter 1, a proportion of individuals with non-IPF ILD develop
progressive fibrotic phenotypes that show similarities to IPF, raising the possibility of shared
pathogenic mechanisms across disease phenotypes regardless of likely aetiology. The
majority of blood biomarker studies in ILD have been restricted to participants with IPF, but
it is probable these biomarkers reflect distinct fibrotic molecular endotypes that could help
define prognostic outcomes and therapeutic strategies regardless of subtype. Though
limited studies have identified possible associations between blood biomarkers and clinical
outcomes in fibrotic ILDs, further studies are urgently needed to confirm this hypothesis and
to further explore the role of blood derived biomarkers in this cohort. Furthermore, the
prognostic potential of genetic, radiological, and physiological biomarkers needs exploring
in prospective, high-quality longitudinal studies in well-characterised cohorts with fibrotic

ILDs.

This chapter describes the ongoing prospective multi-centre “It’s Not Just Idiopathic
Pulmonary Fibrosis (INJUSTIS) study”, investigating biomarkers of progressive fibrotic lung
disease. My involvement with the INJUSTIS study began with the design and set up, which
involved writing the protocol, participant information sheets and seeking ethical approval.
Since then, | have been involved with screening and recruiting participants, performing

study visits, performing site initiation visits (SIV), coordinating recruiting sites and being the
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general first point of contact for any study-related enquiries. In this chapter, alongside the
study methodology, | describe the study population recruited to date (6™ Aug 2021),

including baseline characteristics and longitudinal physiology and quality of life data.

The study protocol has been published in BMJ Open Respiratory Research as part of Khan et
al, “The Its Not JUST Idiopathic pulmonary fibrosis Study (INJUSTIS): description of the
protocol for a multicentre prospective observational cohort study identifying biomarkers of
progressive fibrotic lung disease"4!!. Details of the study protocol have also been made

available on ClinicalTrials.gov NCT03670576.

5.1.1 Aims of chapter

1) To describe the methodology for the ongoing INJUSTIS study

2) To describe the clinical features of a cohort with mixed fibrotic ILD

3) To compare clinical features across fibrotic ILDs

4) To evaluate longitudinal disease behaviours in fibrotic ILD to identify the frequency

of a progressive fibrotic phenotype
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5.2 Methods

521

Hypothesis

There are shared pathogenic mechanisms in the progression of pulmonary fibrosis

irrespective of aetiology.

522

1)

2)

3)

4)

5)

6)

7)

8)

523

Study Aims

To identify molecular endotypes associated with progressive fibrosis irrespective of
aetiology

To identify novel blood biomarkers predictive of progressive fibrosis

To prospectively validate previously identified blood biomarkers in IPF in well-
characterised individuals with fibrotic ILD

To investigate gene expression profiles which affect disease progression

To explore baseline and short-term change in biomarkers as predictors of disease
outcomes

To evaluate the usefulness of blinded home handheld spirometry over three-months
in predicting disease outcomes

To evaluate longitudinal disease behaviours in fibrotic ILD to identify the frequency
of a progressive fibrotic phenotype

To explore the association between environmental exposures and disease outcomes

Endpoints

The primary endpoint is:

Disease progression defined as relative forced vital capacity decline > 10% or death

within 12 months
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Secondary endpoints include:

e All-cause mortality at time of censoring

e Change in DLco from baseline to 12 months

e Change in 6-minute walk distance from baseline to 12 months

e Change in transcriptomic profiles from baseline to 12 weeks

e Change in home handheld spirometry from baseline to 12 weeks
e Number of respiratory hospitalisations over 2 years

e Change in Quality-of-Life questionnaire scores

5.2.4 Sample size

The power of a study is the probability that a true difference between interventions will be
detected and can be used to calculate the minimum sample size required. A power
calculation was performed based on data obtained in the PROFILE (Prospective Observation
of Fibrosis in the Lung Clinical Endpoints) study of IPF'?4. Of all the blood biomarkers
evaluated over three-months, MMP-7 was the most conservative with the lowest threshold
for change, and thus powering on MMP-7 ensures analyses for other blood biomarkers have
adequate power. Power calculation demonstrated 100 participants with stable disease and
100 participants with progressive disease would be sufficient to detect dynamic change in
biomarkers over 3 months with 80% power and 5% type 1 error rate. Thus 200 participants
with non-IPF fibrotic ILD split equally between the four diagnostic groups are being
recruited. Alongside individuals with fibrotic ILD, 50 with IPF will be recruited to benchmark

progressive fibrotic lung disease but will not be included in the final analysis. All participants
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with non-IPF fibrotic ILD will be analysed collectively, although exploratory analyses will be

performed to guide further study.

r 250 PARTICIPANTS —i

g sease (2200 N
IPF (n=50
lung disease (n=200) (n=50)

|

Asbestosis Fibrotic HP RA-ILD

Figure 5-1 - Flow diagram demonstrating planned study recruitment

5.2.5 Study population

5.2.5.1 Inclusion criteria

e Adults aged > 18 years
e Diagnosed after 1%t March 2017 (diagnostic HRCT or surgical lung biopsy)
e An MDT diagnosis of fibrotic ILD defined as the presence of reticulation and traction
bronchiectasis, associated with one of the following subgroups:
o ldiopathic Pulmonary Fibrosis (diagnosed according to international
consensus criteria)
o Asbestosis (appropriate asbestos exposure history)
o Fibrotic hypersensitivity pneumonitis (with or without the identification of an

inciting antigen)
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o Rheumatoid arthritis (formal rheumatologist diagnosis)
o Unclassifiable ILD (unclassified fibrotic disease despite extensive clinical and

radiological examination)

5.2.5.2 Exclusion criteria

e Participation in an interventional clinical trial
e Asymptomatic interstitial lung abnormalities (ILA) and normal lung function

e Change in clinical phenotype from initial radiological diagnosis to screening

5.2.6 Study regimen

5.2.6.1 Visit details

Participants are being followed up over 2 years with visits at baseline, 3, 12 and 24 months.
The baseline visit is combined with the screening visit, which includes assessing the
suitability of participants according to the inclusion criteria. Detailed participant information
including age, gender, smoking history, and ethnicity are being recorded, alongside details
of co-morbidities, family history and medication history. The case report form also includes
a detailed occupational exposure and job history and categorises jobs according to skill e.g.,
professional. All participants are having routine bloods consisting of full blood count and
kidney/liver function. Where available, historic results for angiotensin converting enzyme
(ACE), avium precipitins and autoantibodies including extractable nuclear antigen (ENA),
rheumatoid factor (RhF), anti-citrullinated protein antibody (anti-CCP), antinuclear antibody
(ANA), anti-neutrophilic cytoplasmic antibody (ANCA) are being collected. An overview of

participant flow through the study is provided (Figure 5-2):
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Study period

Visit 1 Visit 2 Visit 3 Visit 4
Baseline 3 months 12 months 24 months

40ml blood sample

40ml blood sample
Lung function test
6-minute walk test

40ml blood sample
Lung function test
QOL questionnaires

QOL questionnaires
Bronchoscopy

40ml blood sample
Lung function test
6-minute walk test
QOL questionnaires

Lung function test
6-minute walk test
QOL questionnaires

Home spirometry
(blinded)

Figure 5-2 - Participant flow through study.

Participants will attend for four visits in total. At each visit participants are offered a 40ml blood sample for biomarkers, lung function testing including spirometry and gas transfer, 6-minute
walk test at baseline, 12 and 24 months, and quality of life questionnaires. Participants recruited in Nottingham only are offered a bronchoscopy for bronchoalveolar lavage. Home spirometry

is offered to all participants for the first three months of the study
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5.2.6.2 Questionnaires

Participants are being asked to complete five individual questionnaires at each visit. Each of

the questionnaires are included in appendix 10.8.

5.2.6.2.1 IPF Prognostic Assessment and Referral to Care

The IPF Prognostic Assessment and Referral to Care (I-PARC) questionnaire is a concise
distress questionnaire that was developed using the Sheffield Profile for Assessment and
Referral to Care (SPARC) holistic tool*'? 413, The questionnaire consists of 11 items that
measure the level of distress or bother over the past one month including questions relating
to symptoms and questions relating to independence and activities of daily living. Each is
scored out of three (0O=not at all; 1=a little bit; 2=quite a bit; 3=very much) and combined to
produce an overall distress score. A greater score indicates high levels of distress. In the
PROFILE cohort*?, |-PARC distress scores were negatively correlated with both FVC %
predicted and DLco % predicted and were associated with an increased risk of mortality and

disease progression in IPF.

5.2.6.2.2 King’s Brief ILD Questionnaire

The King’s Brief ILD Questionnaire (K-BILD) is an interstitial-disease specific 15-item health
related quality of life questionnaire designed to measure the impact of lung disease in three
domains: psychological, breathlessness and activities, and chest symptoms*'#. Responses

are recorded on a seven-point Likert scale, which are used to calculate weighted scores
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using logit transformation for each domain, alongside an overall total score. Scores range

from 0-100, with higher scores indicating better health related quality of life.

5.2.6.2.3 European Quality of Life 5-Dimensions 5-Levels

The European Quality of Life 5-Dimensions 5-Levels questionnaire (EQ-5D-5L) is a generic
multidimensional questionnaire that enables measurement of health-related quality of life
and calculation of quality-adjusted-life-years*®. The tool contains five dimensions that are
each scored out of five: mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression. Scores from each of the dimensions are combined to produce a five-
digit code, which can also be represented using a single summary number termed the index
value. The index value is derived by attaching weights to levels in each of the dimensions,
with a higher value indicating a greater health related quality of life. The EQ-5D-5L also
includes a visual analogue scale scored between 0 and 100, where 100 represents the best

health possible, and 0 the worst.

5.2.6.2.4 Leicester Cough Questionnaire

The Leicester Cough Questionnaire (LCQ) is a self-completed quality of life measure
designed to assess the impact of cough severity over the previous two weeks*'#, It consists
of 19 items, each scored with a seven-point Likert response scale, that assess the impact of
cough on three main domains: physical (eight items), psychological (seven items) and social
(four items). The mean score for each domain is calculated and adding together for an

overall total score. Higher scores indicate better cough-related quality of life.
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5.2.6.2.5 Medical Research Council Dyspnoea Scale

The Medical Research Council (MRC) dyspnoea scale consists of five statements used to

grade the impact of perceived breathlessness on activities of daily living*®.

MRC Grade Degree of breathlessness related to activities
1 Breathlessness with strenuous exercise
2 Short of breath when hurrying on the level or walking up a slight hill
3 Walks slower than contemporaries on the level or stops for breath at own pace
4 Stops for breath after walking 100m
5 Too breathless to leave the house or breathless when dressing

Figure 5-3 - Medical Research Council (MRC) dyspnoea scale

5.2.7 Blood

At each of the four visits, blood samples of up a total of 40ml are being collected (Table 5-1).
Full blood count (FBC) tubes are sent to local NHS labs for processing, whilst the remaining
blood bottles are stored on dry ice during transport and processed by the research team
according to a standardised protocol (Figure 5-4 to Figure 5-6). Batch collection of samples

from sites is arranged periodically for long-term storage at the University of Nottingham.

Sample Quantity

Full Blood Count 1X2ml

Serum 3X5ml

Plasma (Lithium heparin) 3 X4ml
DNA PAXgene (baseline only) 2 X 2.5ml
RNA PAXgene 2 X2.5ml

Table 5-1 - Blood samples taken at each visit.

DNA PAXgene only collected at baseline visit, whilst the remaining bloods are collected at all four visits.
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Collect Centrifuge Process

3 x 5mL gold top SST Centrifuge at 25°C, Split serum between 12 .
. Immediately store
tubes 1300 x g for 10-15 cryotubes (min volume 0.5mL) £ -80°C
minutes a

Figure 5-4 - Procedure for processing of serum samples

Collect Centrifuge Process Store
FEFEF *
-80°C
3 x 4mL Green top Centrifuge at 4°C, 2000 Split serum between 10 Immediately store
Lithium Heparin tubes x g for 15 minutes cryovials (min volume 0.5mL)  at-80°C
Figure 5-5 - Procedure for processing plasma samples
Collect Incubate Store Store

Store at -80°C for

2 x 2.5mL Blue top Invert 8-10 times, incubate Store at -20 °C for 24
PAXgene tubesand 2X  upright at room temperature hours long term storage
2.5mL brown RNA for 2-4 hours
PAXgene tubes

Figure 5-6 - Procedure for processing DNA and RNA samples
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5.2.8 Physiology investigations

Lung function including spirometry and DLco are being performed at each visit according to
ATS/ERS standards and consensus recommendations*'’ 48 The best of three technically
acceptable manoeuvres is recorded and FVC reference values are calculated using
standardised GLI equations as described in section 4.2.5. The 6MWT is performed according
to a standardised protocol consisting of two cones placed 10m apart on a flat surface. The

test measures the total distance walked in six-minutes, whilst recording oxygen saturations.

5.2.9 Home spirometry

Participants are being offered a home hand-held spirometer which connects via Bluetooth
to a smartphone enabled app and provided with training on using the spirometer alongside
written instructions. They are asked to perform a daily, single, blinded, forced expiratory
manoeuvre for three months. The study protocol was amended during the COVID-19
pandemic to necessitate participation in home spirometry for new study recruits. Further

details of home spirometry have been described in section 6.3.

5.2.10 Bronchoscopy

Bronchoscopy and bronchoalveolar lavage (BAL) are being offered to participants recruited
in Nottingham only, according to BTS guidelines and a standardised research protocol
(Appendix 10.9). Bronchoscopies are performed by me with appropriate supervision by an
NHS respiratory consultant and assistance from at least two endoscopy nurses. Following
standard procedures for patient preparation, sedation and intubation, the bronchoscope is

inserted into the right middle lobe and up to 60ml of normal saline slowly injected, before
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being gently aspirated into a lavage trap. The process is repeated up to four times in total
instilling a maximum of 240ml normal saline. BAL fluid is separated into three aliquots, with
approximately 50ml in aliquot A, 15ml in aliquot B and the remainder in aliquot C. A
combined protease and phosphatase inhibitor cocktail is added (0.9ml phosphatase and
0.045ml of protease inhibitor per 15ml of BAL) to aliquot B before all aliquots are
centrifuged at 300g 4°C for 10 minutes. Following centrifugation, the resultant cell pellet
from Aliquot A is resuspended and cell count is performed, whilst the remaining two

aliquots are frozen at -80°C for future cell protein and RNA analysis.

5.2.11 COVID-19 amendments

The disturbance caused by the COVID pandemic has led to a significant impact on the study,
with recruitment and follow up visits particularly affected. As a consequence of lockdown
restrictions and personal safety concerns from an extremely vulnerable cohort, numerous
follow up visits have been missed or are incomplete. To assess the extent of COVID-related
missing data, all recruiting sites have been asked to provide reasons for missing visits on a
protocol deviation form. Moreover, recruitment of new participants was halted between
March 2020 and April 2021 in line with guidance from research and innovation
departments, as staff were redeployed to high priority COVID research, or were shielding
long term. Since the formal restart, several sites have been unable to resume recruitment

due to the impact of COVID on their research departments.

A further challenge has been accessing respiratory physiology departments for lung function

testing. Respiratory physiology departments have faced huge backlogs and have run
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reduced services to facilitate sterilisation of rooms and equipment in between patients. In
an interim analysis performed in July 2020, home spirometry correlated well with hospital
spirometry and non-inferiority of measurements was demonstrated (described further in
section 6.3). To help mitigate the effects of reduced lung function services and considering
the interim analysis findings, the steering committee approved the alteration of the study
primary endpoint to include an FVC decline > 10% over 12 months measured using either
hospital or home spirometry. Participation in home spirometry was accordingly altered from
an optional component to mandatory for inclusion, and participants were asked to perform
three-months of blinded readings as per the initial study protocol, but also to perform home
spirometry readings one week either side of their follow up visits, irrespective of whether

they attended for hospital spirometry.

5.2.12 Ethics/R&D approval

The study received ethical approval from the Nottingham Research Ethics Committee on 2"
July 2018, with reference number 18/EM/0139. A steering committee was established
consisting of the chief investigator (Professor Gisli Jenkins), study statistician, independent
chair, research officer, clinicians, patient representatives and myself. The steering

committee meet every 4 months to oversee the study.

5.2.13 Patient and public involvement

The Action for Pulmonary Fibrosis (APF) charity have been consulted throughout the study
design and sit on the study steering committee as patient representatives. All patient facing

documents and study publications have been reviewed by patient representatives.
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5.2.14 Recruitment sites

A total of 25 sites across the UK have been involved or will be involved with the recruitment
of participants, though not all sites have recruited their first participant at the time of

censoring. Each site required local research and development approvals.

5.2.15 Analysis

Demographic factors including age, sex and smoking status were assessed for IPF and non-
IPF and compared using t tests for means, Wilcoxon rank-sum tests for medians and Fisher’s
test for proportions. Baseline physiological measurements including FVC percent predicted,
DLco percent predicted, and 6MWD were estimated and compared between groups.
Baseline physiological variables were additionally dichotomised into two severity groups
(FVC above or less than 80% predicted, DLco above or less than 55% predicted, and 6MWD
above or less than 300m) according to commonly used criteria and the ILD GAP model #%°.
The mean relative change in FVC and DLco over three and 12-months was estimated and
compared between IPF and non-IPF. Lung function changes over three-months were
dichotomised relative to the median to overcome limited sample sizes, and proportions of
participants in each group were compared between IPF and non-IPF. The Quality of life
(Qol) questionnaire scores stratified at baseline, and their change over 12-months
categorised into stable/improved or worse, were reported for IPF and non-IPF. The change
in KBILD questionnaire scores was assessed using a minimal clinically important difference
(MCID) threshold of 5-unit change based on published data*?°. Disease progression defined
as an FVC relative decline > 10% or death at 12 months, and mortality censored at one year,

was estimated, and compared between IPF and non-IPF. Associations for mortality between
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subgroups were assessed using log-rank tests. Further exploratory analyses were performed
for individual ILD subgroups for all demographic factors, physiological variables and QoL

scores. A p value < 0.05 was considered statistically significant for all analyses.
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5.3 Results

5.3.1 Recruitment

191 participants with fibrotic ILD were recruited between November 2018 and August 2021
across 21 sites in the UK. Due to the pandemic, recruitment was halted for the period in

between March 2020 and April 2021 but has since slowly resumed at several sites.

250
200

150

>
100
50
0
0 0 9 a o a0 O 0O D2 2 g o o O Q2 o O o o o Q Q@ o o o o "W o oHA d = «H -
A B - B S B S (N B B AL S B B B N S B B SRR S B B B
> 0 € g = £ > & 5 W o #£ 2 O € g = £ > & 5 W 9o #£ 2 O € g9 = £ > & 3
5 9 @ @ ® & ® 5 2 53 © 9 © O ©& © 8 & ®m 5 2 S5 © Q o ¢ © © & & ™ 5 =2
zZ 0o - uw s < s 5 <(sz0—'|_|_§<(§—\ <(mOzQﬂu.§<(§—.
Actual recruitment Target

Figure 5-7 — Summary of recruitment at time of censoring

121 of the 191 participants are currently under study follow-up. Of the remaining 70
participants, 29 have completed the study, nine have withdrawn, and 32 have died, with
COVID-19 listed as the cause of death in seven participants. The number of participants

recruited in each of the subgroups are as follows: IPF, n=63; asbestosis, n=37; fibrotic HP,

n=37; RA-ILD, n=27; unclassifiable ILD, n=30.
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Site Target All IPF Non-IPF

Royal United Hospitals of Bath 10 1 0 1
Heartlands Hospital, University Hospitals of Birmingham 10 0 0 0
Blackpool Teachings Hospitals NHS Trust 20 9 4 5
North Bristol NHS Trust 20 7 3 4
Burton Hospital, University Hospitals of Derby and Burton 20 4 2 2
University Hospital of Coventry and Warwickshire 30 4 1 3
Royal Derby Hospital, University Hospitals of Derby and Burton 70 18 4 14
Royal Devon and Exeter NHS Trust 25 7 4 3
Hammersmith Hospital, Imperial College NHS Trust TBC 0 0 0
Medway Maritime Hospital, NHS Foundation Trust 20 2 0 2
Kingsmill hospital, Sherwood Forest Hospitals 32 12 0 12
Kingston Hospital NHS Foundation Trust 15 2 1 1
North Manchester General Hospital, Manchester University NHS - 6 6 0
Foundation Trust

Royal Victoria Infirmary, Newcastle-upon-Tyne Hospitals NHS 10 3 5 3
Foundation Trust

University Hospitals of North Tees 10 5 2 3
Northumbria Healthcare NHS Foundation Trust 20 5 2 3
Nottingham City Hospital (host site) 40 50 8 42
Sheffield Teaching Hospitals NHS Foundation Trust 15 3 0 3
South Tyneside district hospital, NHS Foundation Trust 23 12 5 7
St. Georges University Hospitals NHS Foundation Trust 10 11 2 9
Taunton and Somerset NHS Foundation Trust 25 0 0 0
:I_\:Lg;n Infirmary, Wigan Teaching Hospitals NHS Foundation 20 10 4 6
New Cross Hospital, The Royal Wolverhampton NHS Trust 10 10 6 4
Worcestershire Royal Hospital, NHS Trust 24 5 4 1
Wythenshawe Hospital, University Hospitals of Manchester 20 0 0 0
Total 191 63 128

Table 5-2 — Summary of recruiting sites including number of participants recruited by each centre.
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5.3.2 Missing data

Several missed visits can be attributed to the COVID-19, with reasons including local and
national restrictions, cancellation of non-urgent research visits, staff redeployment to high
priority studies, staff shortages from self-isolation, and participant choice to shield and not
attend hospital. Over half of participants have missing 12-month spirometry data, and about

two-thirds have missing 12-month gas transfer. Table 5.3 illustrates the extent of collected

data:
Baseline 3-montbh visit 12-month visit 24-month visit

N 191 170 146 50

Spirometry performed, n (%) 189 (98.9) 114 (67.1) 60 (41.1) 27 (54.0)
DLCO performed, n (%) 180 (94.2) 104 (61.2) 45 (30.8) 13 (26.0)
6MWD performed, n (%) 182 (95.3) - 39 (26.7) 22 (44.0)
Qol data collected, n (%) 191 (100.0) 147 (86.5) 105 (71.9) 34 (68.0)
Bloods, n (%) 185 (96.9) 131 (77.1) 68 (46.6) 36 (72.0)

Table 5-3 — Summary of collected data

N denotes the total number of participants who should have available data at each of the visits at the point of censoring.
Total (N) does not exclude participants who have withdrawn from the study or died.

5.3.3 Home spirometry

104 participants (54.5%) consented to blinded home spirometry and further analyses are
presented in section 6.3. Measurements obtained from home spirometry were used to
calculate FVC values at follow up visits, where hospital spirometry was missing, in a
hierarchical approach. 27 participants had additional 3-month home spirometry

measurements, and 18 participants had 12-month measurements (Table 5-4).
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Hospital spirometry

Total (Hospital + Home)

Baseline FVC 189
3m FVC 114
12m FVC 60
24m FVC 27

Table 5-4 - Summary of spirometry data obtained.

190

141

78

29

Hospital spirometry was preferred, but where unavailable, home spirometry values were used to calculate A3m and A12m

FVC.

5.3.4 IPF vs. non-IPF

5.3.4.1 Baseline demographics

63 participants with IPF and 128 with non-IPF were recruited and comparisons between the

two groups are included in this section. The baseline demographics of the 191 participants

are shown in Table 5-5, and the age distribution in Figure 5-8. No differences were observed

in demographics between non-IPF and IPF ILD. The mean age of participants was in the

seventh decade, with most male and of white ethnicity, and over half had a smoking history.

A family history of ILD in a first or second degree relative was reported in fewer participants

with non-IPF compared with IPF (8.6% vs. 15.9%), though differences were not significant.

The median time from diagnosis to study recruitment was shorter in non-IPF ILD (5.1

months vs. 8.8 months; p=0.03). No differences in baseline characteristics were observed

between participants with IPF and progressive non-IPF.
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Al IPE Non-IPE Pvalue (IPF  Progressive P value (IPF vs
vs non IPF) non-IPF prog non-IPF
n 191 63 128 26
Age, mean (SD) 72.5(8.1) 72.6(7.9) 72.4(8.3) 0.83 71.8 (8.0) 0.64
Male, (%) 137 (71.7) 48 (76.2) 89 (69.5) 0.22 19 (73.1) 0.79
Ethnicity, No. (%),
White 182 (95.3) 63 (100) 119 (93) 24 (92.3)
Black 3(1.6) 0 3(2.3) 0.14 1(3.9) 0.08
Asian 6(3.1) 0 6 (4.7) 1(3.9)
Smoking status, No (%)
Current/Ex 126 (66.0) 38 (60.3) 84 (68.7) 21(80.8)
0.26 0.09
Never 65 (34.0) 25 (39.7) 40 (31.3) 5(19.2)
(F;Jr)“”y history of ILD, No. 21(11) 10(15.9) 11(8.6) 0.15 2(7.7) 0.50

Table 5-5 — Baseline demographics of recruited participants stratified by IPF and non-IPF.

All values presented as absolute numbers and percentages in brackets. Age presented using mean and standard deviation,
and time to diagnosis in median and IQR. n denotes the total number of participants included in each group. T-test used to
compare means, Wilcoxon rank sum to compare medians, and Fisher’s tests to compare proportions. Significant p values
using a threshold of 0.05 highlighted in red. Further analyses restricted to participants with progressive non-IPF ILD
performed and comparisons with IPF presented using p values.

Non-IPF

Density

90 50
Age

IPF

Figure 5-8 - Age distribution of included participants stratified by non-IPF and IPF
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5.3.4.2 Baseline physiology

Baseline physiological variables including FVC, DLco and 6MWD are reported in Table 5-6. In
both IPF and non-IPF, baseline FVC percent predicted (81.0% vs 82.2%; p=0.68), DLco (55.0%
vs. 57.3%; p=0.39) and total six-minute distance walked (321m vs. 315m; p=0.72) were well
matched. A greater proportion of participants with IPF had moderate-severe impairment of
their gas transfer (DLco < 55% predicted) compared with non-IPF, though differences were
not statistically significant. Participants with progressive non-IPF had more severe lung

function impairment compared with IPF, but differences were not statistically significant.

P value (IPF
Baseline Physiological variable All IPF Non-IPF P value (IPF Prog non- VS pro
yslolog vs non IPF) IPF prog
non-IPF)
n 189 62 127 25
FVC, L (SD) 2.90(0.88) 2.97(0.89) 2.87(0.87) 0.45 2.83 (1.06) 0.54
FVC  FVC% pred (SD) 81.8(18.3) 81.0(17.7)  82.2(18.6) 0.68 76.6 (20.3) 0.98
Mild, >80% predicted, No. (%) 97 (51.3) 33 (53.2) 64 (50.4) 9 (36.0)
0.76 0.16
Moderate/Severe (<80%), No. (%) 92 (48.6) 29 (47.6) 63 (49.6) 16 (64.0)
n 180 58 122 23
DLCO, %predicted (SD) 56.6 (16.9) 55.0(15.9) 57.3(15.3) 0.39 49.3 (16.1) 0.15
DLco
Mild, >55% predicted (%) 92 (51.1) 26 (44.8) 66 (54.1) 7 (30.4)
0.27 0.24
Moderate/Severe <55% predicted 88 (48.9) 32 (55.2) 56 (45.9) 16 (69.6)
n 182 58 124 26
Mean distance (SD) 317 (109) 321 (124) 315 (101) 0.72 336 (106) 0.58
6MWD
>300m, No. (%) 103 (56.6) 31 (53.5) 72 (58.1) 17 (65.4)
0.63 0.35
<300m, No. (%) 79 (43.4) 27 (46.5) 52 (41.9) 9 (34.6)

Table 5-6 - Baseline physiological variables (FVC, DLco, 6MWD) of recruited participants stratified by IPF and non-IPF.

Baseline physiology was stratified according to frequently used criteria in ILD management and/or ILD GAP criteria. Values
presented as absolute numbers and percentages in brackets, or as mean and standard deviations. Comparisons between
IPF and ILD subtype were performed using t-tests for means and fishers test for proportions, p values presented. n denotes
the total number of participants included in each group. Further analysis restricted to non-IPF participants with progressive
disease were performed, and p values presented.
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5.3.4.3 Baseline FBC

Haemoglobin (Hb) levels were lower in non-IPF compared with IPF (136g/L vs. 144g/L;

p=0.003), but no differences between groups were observed for either the platelet, white

cell count or its differentials.

FBC Al IPF Nonpp ' Value (PP Prognon-
vs non IPF) IPF

Hb 138 16) 144 (13) 136 (16) 0.003 137 (14)
wce 8.4 (2.4) 8.5(2.2) 8.4 (2.5) 0.81 9.1(2.5)
Neutrophils 5.6(2.1) 5.5 (2.0) 5.6(2.3) 0.74 6.2 (2.5)
Lymphocytes 1.8(0.8) 1.9 (0.8) 1.8 (0.7) 0.21 1.9(0.7)
Monocytes 0.7 (0.3) 0.7 (0.3) 0.7 (0.3) 0.45 0.7 (0.3)
Eosinophils 0.27 (0.) 0.29(0.21)  0.27(0.29) 0.61 0.27 (0.27)
Platelets 248 (65) 246 (62) 249 (67) 0.75 240 (49)

Table 5-7 — Baseline full blood count (FBC) stratified by IPF and non-IPF.

P values to compare means between IPF and non-IPF obtained using t-tests. Significant p values using a threshold of 0.05

highlighted in red.

5.3.4.4 Baseline QoL questionnaires

All participants had baseline questionnaire scores for five separate items. For each

guestionnaire, there was no difference in scores between IPF, non-IPF, and progressive non-

IPF.
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P value (IPF

P value (IPF
Baseline All IPF Non-IPF value ( Prog non-IPF  vs prog non
vs non IPF)
IPF)
N, total 191 63 128 26
Median (IQR) 2(2-2) 2(2-2) 2(2-2) 0.39 2.5 (2-3) 0.53
MRC  Low < median, No. (%) 114 (60.3) 38 (62.3) 76 (59.4) 13 (50.0)
0.75 0.80
High > median, No (%) 75 (39.7) 23 (37.7) 52 (40.6) 13 (50.0)
Median (IQR) 9 (4-15) 8.5 (4-13) 9 (4-17) 0.71 10 (5-15) 0.35
IPARC  Low < median, No. (%) 102 (54) 34 (54.8) 68 (53.5) 11 (42.3)
0.88 0.59
High > median, No (%) 87 (46) 28 (45.2) 59 (46.5) 15 (57.7)
] 0.75 (0.62- 0.68 (0.60-
Median (IQR) 0.76 (0.66-0.88)  0.74 (0.60-0.88) 0.27 0.11
0.88) 0.82)
EQSDSL Low < median, No. (%) 98 (51.3) 30 (47.6) 68 (53.1) 16 (61.5)
0.54 0.25
High > median, No (%) 93 (48.7) 33 (52.4) 60 (46.9) 10 (38.5)
59.05
Mean (SD) (14.91) 58.26 (10.24) 59.43 (16.74) 0.61 55.21 (10.4) 0.21
KBILD Low < mean (SD) 102 (54) 35 (56.5) 67 (52.8) 18 (69.2)
0.65 0.34
High > mean (SD) 87 (46) 27 (43.5) 60 (47.2) 8(30.8)
17.43 17.34 (14.1- 17.53 (15.6-
Median (IQR) ( 17.46 (13.8-19.5) 0.96 ( 0.53
(14.1-19.4) 19.3) 19.52)
LcQ .
Low < median, No. (%) 94 (49.7) 32 (52.5) 62 (48.4) 11 (42.3)
0.64 0.48
High > median, No (%) 95 (50.3) 29 (47.5) 66 (51.6) 15 (57.7)

Table 5-8 - Baseline questionnaire scores of recruited participants stratified by IPF and non-IPF.

Median and means calculated using all participants. T-tests used to compare means, Wilcoxon rank-sum to compare
medians and Fisher tests to compare proportions between IPF and non-IPF, with p values presented. Further analysis

restricted to non-IPF participants with progressive disease were performed, and p values presented.

5.3.4.5 Llongitudinal change in physiology

141 and 99 participants had available three-month FVC and DLco respectively. Participants

with non-IPF ILD had a mean relative increase in FVC of 0.21% (SD 26.69) and DLco decrease

of 0.41% (22.44) over three-months, whereas in IPF, there was a mean FVC relative decline

of 2.62% (SD 7.71), and a DLco decline of 4.52% (SD 16.67). Differences in lung function
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change between groups were not statistically significant. The median FVC decline across all
participants over three-months was 1.3%, with similar proportions of non-IPF and IPF
demonstrating a greater than median decline over three-months. Similar observations were

noted for the median DLco decline over three-months.

. ) . . P value (IPF
Change in Physiological variables All IPF Non-IPF
vs non IPF)
3-months, n 141 42 99
Relative percent change, mean (SD) -0.63 (22.76) -2.62(7.71) 0.21 (26.69) 0.50
FVC
Relative percent decline > 5%, n (%) 44 (31.2%) 15 (35.7%) 29 (29.3%) 0.55
Relative percent decline > median (1.3%), n (%) 71(50.4) 22 (52.4) 49 (49.5) 0.85
3-months, n 99 32 67
DLco Relative percent change, mean (SD) -1.73 (20.76) -4.52 (16.67) -0.41 (22.44) 0.36
Relative percent decline > median (1.7%), n (%) 48 (48.9) 15 (46.9) 33(49.3) 0.83

Table 5-9 - Change in physiology (FVC and DLco) over three-months stratified by IPF and non-IPF.

n denotes the number of participants included, with relative decline presented using mean and SD. Number of participants
with changes above denoted thresholds presented using absolute numbers and percentages in brackets. T-tests used to
compare means, and Fisher’s test to compare proportions between IPF and non-IPF. Further analyses were performed using
the overall cohort median calculated separately for FVC and DLco

Fewer participants had available 12-month FVC and DLco measurements, and though there
was a numerically greater mean decline in FVC, DLco and 6MWD in IPF compared with IPF,
the difference was not statistically significant. A similar proportion of participants in both
groups had a relative FVC decline greater than 10% over 12-months (38.1% vs. 22.8%;
p=0.25). The mean 12-month decline in 6MWD was 57.33m (SD 77.77) in IPF compared with

36.7m (SD 67.96) in non-IPF (p=0.51).
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P value (IPF

Physiological variables over 12-months All IPF Non-IPF
vs non IPF)
12-months, n 78 21 57
Relative percent change, mean (SD) -3.33(13.70) -5.99 (19.2) -2.35(11.1) 0.30
FVC
Absolute ml change, mean (SD) -123.0 (399.7) -187.2 (521.9) -99.4 (346.9) 0.39
Relative decline > 10%, n (%) 21 (26.9%) 8(38.1%) 13 (22.8%) 0.25
12-months, n 44 10 34
DLco
Relative percent change, mean (SD) -2.78 (22.69) -5.13(31.07) -2.09 (20.13) 0.71
12-months, n 39 6 33
6MWD
Absolute change, metres, mean (SD) -39.87 (68.86) -57.33(77.77)  -36.70(67.96) 0.51

Table 5-10 - Change in physiology (FVC, DLCO and 6MWD) over 12-months stratified by IPF and non-IPF.

n denotes the number of participants included, with relative decline presented using mean and SD for FVC and DLco. 6MWD
decline presented using metres. T-tests used to compare means, and Fisher’s test to compare proportions between IPF and
non-IPF with p values presented.

5.3.4.6 Longitudinal change in QoL questionnaires scores

113 participants provided longitudinal questionnaire data over a follow up period of 12
months. A greater proportion of non-IPF had worsening of their MRC scores compared with
IPF, with an overall greater mean increase (mean change of 0.27, SD 0.56 vs. mean change
of 0, SD 0.47; p=0.02). For the remaining questionnaires, there were no differences in

change over 12-months between IPF and non-IPF.
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Questionnaire scores over 12- P value (IPF vs

months All IPF Non-IPF non IPF)
N, total 113 28 85
Mean change (SD) 0.20 (0.55) 0(0.47) 0.27 (0.56) 0.02
MRC Stable/Improve, No. (%) 82 (72.6) 25 (89.3) 57 (67.1)
Worse, No. (%) 31(27.4) 3(10.7) 28 (32.9) o
Mean change (SD) 2.15 (6.11) 3.29 (5.12) 1.78 (6.39) 0.26
IPARC  Stable/Improve, No. (%) 46 (40.7) 10 (35.7) 36 (42.4)
Worse, No. (%) 67 (59.3) 18 (64.3) 49 (57.6) 000
Mean change (SD) -0.08 (0.19) -0.11 (0.24) -0.07 (0.18) 0.31
EQ5D5L  Stable/Improve, No. (%) 46 (41.1) 12 (41.4) 34 (41)
Worse, No. (%) 66 (58.9) 17 (58.6) 49 (59) +O0
Mean change (SD) -3.93 (11.47) -5.48 (10.45) -3.42 (11.81) 0.41
KBILD > 5-unit change (%) 47 (42.0) 14 (50.0) 33(39.3)
< 5-unit change (%) 65 (58.0) 14 (50.0) 51 (60.7) 038
Median change (IQR) 0(-1.88-1.35)  -0.25(-2.42-1.62)  0.02 (-1.54-1.04) 0.88
LcQ Stable/Improve, No. (%) 57 (51.8) 13 (46.4) 44 (53.7)
Worse, No. (%) 53 (48.2) 15 (53.6) 38 (46.3) 02

Table 5-11 - Change in QoL questionnaires over 12-months stratified by IPF and non-IPF.

The change in questionnaire scores over 12-months were stratified into stable/improve or worse. The KBILD questionnaire
was stratified by the reported minimal clinically important difference. Comparisons between IPF and non-IPF were
performed and p values are presented.

5.3.4.7 Disease outcomes

Greater proportions of individuals with IPF had disease progression (58.6% vs 37.1%), and

mortality at one year (14.3% vs 10.2%) though differences did not reach significance.

Outcomes Diagnosis N Outcome,n  Outcome, % P value (IPF vs non. IPF)
IPF 29 17 58.6
Disease progression 0.07
Non-IPF 70 26 37.1
IPF 63 9 14.3
Mortality 0.23
Non-IPF 128 13 10.2

Table 5-12 - Number of individuals with disease progression or mortality stratified by IPF and non-IPF.
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Figure 5-9 - Survival curve of IPF compared with non-IPF

5.3.5 Comparison of ILD subtypes

In this section comparisons between ILD subgroups and IPF for each of the biomarkers

(demographic, physiological and Qol) are presented to identify similarities and differences.

5.3.5.1 Baseline demographics

The mean age of participants was similar across all subgroups. Participants with asbestosis

were more likely to be male, whereas there was a female preponderance in RA-ILD.
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Asbestosis HP vs IPE RA-ILD ulLD vs
IPF Asbestosis  vs IPF (p HP RA-ILD vs IPF (p ulLD IPF (p
(p value)
value) value) value)
n 63 37 34 27 30
Age, mean (SD) 72.6(7.9) 75.3(6.5) 0.09 70.2 (9.2) 0.18 71.5(7.9) 0.53 71.9 (8.7) 0.70
Male, No. (%) 48(76.2)  36(97.3) 0.01 21 (61.8) 0.16 12 (44.4) 0.01 20 (66.7) 0.45
Ethnicity No. (%),
White 63(100)  37(100) 29 (85.3) 25 (92.6) 28(93.3)
Black 0 0 1.00 0 0.004 1(3.7) 0.09 2(6.7) 0.10
Asian 0 0 5(14.7) 1(3.7) 0
Smoking status
Current/ex 38(60.3)  26(70.3) 21(61.8) 20 (74.1) 21 (70)
0.39 1.00 0.24 0.49
Never 25(39.7) 11(29.7) 13 (38.2) 7(25.9) 9 (30)
Family historyof 15 159y 1(2.7) 0.05 5(14.7) 1.00 1(3.7) 0.16 4(13.3) 1.00
ILD, No. (%) . . . . . . . . .
Time since 8.8(3.2-  4.8(25- 6.8 (1.9- 49(2.1- 5.2 (1.6
. . 0.05 0.38 0.17 0.04
diagnosis, months 15.2) 6.7) 14.2) 11.1) 7.4)

Table 5-13 -Baseline demographics of recruited participants stratified by ILD subtypes

All values presented as absolute numbers and percentages in brackets. Age presented using mean and standard deviation,
and time to diagnosis in median and IQR. n denotes the total number of participants included in each group. T-test used to
compare means, Wilcoxon rank sum to compare medians, and Fisher’s tests to compare proportions. Significant p values
using a threshold of 0.05 highlighted in red.

5.3.5.2 Baseline physiology

In comparisons of baseline lung function with IPF, participants with HP had more severe

impairment of FVC and DLco, whereas milder lung function impairment was observed in RA-

ILD, though neither of these findings were significant. No differences in baseline six-minute

walk distance were found between the subgroups.
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Asb vs HP vs RA-ILD ulLD vs

Physiological variable IPF Asbestosis IPF (p HP IPF (p RA-ILD vs IPF (p ulLD IPF (p
value) value) value) value)
n 62 37 34 26 30
FVC % pred (SD) 81.0 83.9(16.0) 0.1 74.0 0.08 87.5 0.11 84.5 0.40
°P (17.7) aline : (19.0) : (16.2) : (21.0) :
Baseline
FVC Mild, >80% 13 15
33(53.2 21 (56.8 15 (57.7
predicted, No. (%) ( ) ( ) (38.2) ( ) (50.0)
0.84 0.20 0.82 0.83
Moderate/Severe 21 15
29 (47.6 16 (43.2 11(42.3
<80%), No. (%) (47.6) (43.2) (61.8) (42.3) (50.0)
n 58 35 32 25 30
DLCO, %predicted 55.0 61.3 (19.1) 0.09 50.3 0.19 60.0 019 58.1 039
(SD) (15.9) A : (17.2) . (15.9) : (14.9) :
Baseline
Dleo Mild, >55% 26(44.8)  20(57.1 12 17 (68.0 17
predicted (%) (44.8) (57.1) (37.5) (68.0) (56.7)
0.29 0.66 0.06 0.37
Moderate/Severe 32 (55.2) 15 (42.9) 20 7(32.0) 13
<55%predicted ' ' (62.5) ' (43.3)
n 58 35 34 27 28
. 317 328
Mean distance (SD) 321 (124) 289 (99) 020 321(96) 0.98 (120) 0.71 (115) 0.43
Baseline
21 19
6MWD >300m, No. (%)  31(53.5)  18(51.4) (6L8) 14 (51.9) ag
1.00 0.52 1.00 0.25
13
<300m, No. (%) 27 (46.5) 17 (48.6) (38.2) 13 (48.1) 9(32.1)

Table 5-14 — Baseline physiological variables (FVC, DLco, 6MWD) stratified by ILD subtypes

Baseline physiology was stratified according to frequently used criteria in ILD management and/or ILD GAP criteria. Values
presented as absolute numbers and percentages in brackets, or as mean and standard deviations. Comparisons between
IPF and ILD subtype were performed using t-tests for means and fishers test for proportions, p values presented. n denotes
the total number of participants included in each group.

5.3.5.3 Baseline FBC

Lower haemoglobin counts were observed in HP and RA-ILD relative to IPF, and a

suppressed eosinophil count was seen in RA-ILD.
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RA-ILD vs

Asb vs IPF HP vs IPF ILD vs IPF
FBC IPF Asbestosis (5 v‘;lsue) HP ( v‘;slue) RA-ILD IPF (p ulLD ”( v;'lsue)
P P value) P

Hb 144 (13) 140 (19) 032 136 (14) 0.01 128(15)  <0.001 140 (13) 0.21

wce 85(2.2)  7.7(2.0) 0.11 9.4(2.7) 0.09 8.8(2.3) 0.54 7.6 (2.5) 0.11

Neutrophils ~ 55(2.0) 4.9 (L7) 0.13 5.9 (2.4) 0.03 5.7 (2.1) 0.18 5.3(2.0) 0.20

Lymphocytes  1.9(0.8)  1.8(0.6) 0.27 1.8(0.8) 0.56 1.8(0.8) 0.33 1.8(0.7) 0.41

Monocytes  0.7(0.3)  0.6(0.3) 0.53 0.7 (0.3) 0.91 0.6 (0.3) 0.56 0.6 (0.3) 0.29
o 0.27 0.25 0.18 0.24

Eosinophils 0.37(0.41) 0.20 0.42 0.02 0.30
(0.27) (0.25) (0.16) (0.20)

Platelets 246 (62) 242 (63) 0.76 251 (55) 0.67 272 (86) 0.11 234 (62) 0.40

Table 5-15 - Baseline full blood count (FBC) stratified by ILD subtypes

P values to compare means between IPF and non-IPF obtained using t-tests. Significant p values using a threshold of 0.05
highlighted in red.

5.3.5.4 Baseline QoL questionnaires

No differences in baseline QoL questionnaire scores were observed between the ILD

subtypes, though there was indication (non-statistical) of reduced symptoms in ulLD

compared with IPF, as measured by IPARC and KBILD scores.
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HP vs RA-ILD vs ulLD vs
) Asb vs IPF
IPF Asbestosis HP IPF (p RA-ILD IPF (p ulLD IPF (p
(p value)
value) value) value)
N, total 61 37 34 27 30
Median (IQR) 2(2-2) 2(2-2) 0.92 2(2-2) 0.88 2(1-2) 0.30 2(2-2) 0.11
MRC Low (< median), No. (%) 38 (62.3) 19 (51.4) 19 (55.9) 18 (66.7) 20 (66.7)
0.29 0.54 0.70 0.69
High (> median), No (%) 23(37.7) 18 (48.7) 15 (44.1) 9(33.3) 10 (33.3)
Median (IQR) 8.5 (4-13) 10 (5.5-17.5) 0.40 9.5 (5-17) 0.32 9 (3-20) 0.72 6 (3-11) 0.22
IPARC Low (< median) No. (%) 34 (54.8) 17 (47.2) 17 (50) 14 (51.8) 20 (66.7)
0.53 0.67 0.82 0.37
High (> median) No. (%) 28 (45.2) 19 (52.8) 17 (50) 13 (48.2) 10 (33.3)
Index value, median (IQR)  0.76 (0.66-0.88)  0.73 (0.64-0.80) 0.24 0.75 (0.53-0.88) 0.58 0.69 (0.40-0.84) 0.07 0.81 (0.59-1) 0.66
EQ5D5L  Low (< median) No. (%) 98 (51.3) 22 (59.5) 17 (50.0) 17 (63.0) 12 (40.0)
0.30 0.84 0.25 0.51
High (> median) No. (%) 93 (48.7) 15 (40.5) 17 (50.0) 10 (37.0) 18 (60.0)
KBILD total, mean (SD) 58.26 (10.24) 56.44 (15.12) 0.48 56.02 (12.96) 0.35 62.78 (19.61) 0.16 64.13 (18.79) 0.06
KBILD KBILD < mean (SD) 35 (56.5) 23 (62.2) 19 (55.9) 11 (40.7) 14 (48.3)
0.68 1.00 0.25 0.51
KBILD > mean (SD) 27 (43.5) 14 (37.8) 15 (44.1) 16 (59.3) 15 (51.7)
LCQ median (IQR) 17.34 (14.1-19.3)  17.45 (14.4-18.8) 0.77 16.88 (12.8-19.1) 0.46 18.54 (14.7-19.9) 0.29 17.13 (14.2-20.1) 0.75
LcqQ LCQ < median, No. (%) 32 (52.5) 18 (48.6) 18 (52.9) 10 (37) 16 (53.3)
0.84 1.00 0.25 1.00
LCQ > median, No. (%) 29 (47.5) 19 (51.4) 16 (47.1) 17 (63) 14 (46.7)

Table 5-16 - Baseline questionnaire scores of recruited participants stratified by ILD subtypes

Comparisons between ILD subtypes and IPF performed using Fisher’s test for proportions, Wilcoxon test for medians and t-test for means.
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5.3.5.5 longitudinal change in physiology

The mean change in FVC over three-months was similar in each of the subgroups, except
RA-ILD where an increase of 12.21% was observed, albeit with substantial variation (SD
56.66). However, over 12-months, there was a mean FVC relative decline of 6.19% (SD
11.92) in RA-ILD which was comparable to IPF (5.99%, SD 19.2). A smaller mean decline in
FVC was observed in asbestosis over 12-months compared with IPF (0.54% vs 5.99%),
though the difference was not statistically significant (p=0.35). In comparison of gas transfer
measurements between ILD subtypes, no differences were noted at either 3-months, or
with more restricted sample sizes at 12-months. The mean decline in six-minute walk
distance was greatest in HP (88.38m, SD 66.52, p=0.44) with comparable changes in the

other subtypes, except ulLD, where a significant increase in 6MWD was observed.

. ) Asb vs HP vs RA-ILD vs ulLD vs
Physiological change over .
IPF Asbestosis IPF (p HP IPF (p RA-ILD IPF (p ulLD IPF (p
3 months
value) value) value) value)
3-months, n 42 27 32 20 20
Relative percent -2.62 -1.74 061 -4.07 050 12.21 0.10 -2.28 086
change, mean (SD)  (7.71) (5.57) (10.93) (56.66) (5.80)
FVC .
Relative percent 15
8(29.69 0.30 12 (37.5 0.28 4 (209 0.92 5 (259 0.13
decline > 5% (35.7%) ( %) ( ) (20%) (25%)
Relative percent 22 12 (44.4) 0.62 17 (53.1) 1.00  9(45.0) 0.79 11(55.0)  1.00
decline > 1.3% (52.4) ' ' ) ' ' ' ’ '
3-months, n 32 16 23 13 15
Relative percent -4.52 -4.99 0.93 5.07 017 -0.76 0.44 -3.58 0.84
DLco change, mean (SD) (16.67) (17.73) ' (7.09) ' (7.97) ’ (9.08) '
Relative percent 15
8 (50.0) 1.00 12 (52.2) 0.79 5 (38.5) 0.75 8(53.3) 0.76

decline > 1.7% (46.9)

Table 5-17 - Change in physiology (FVC and DLco) over three-months stratified by IPF and non-IPF.

n denotes the number of participants included, with relative decline presented using mean and SD. Number of participants
with changes above denoted thresholds presented using absolute numbers and percentages in brackets. T-tests used to
compare means, and Fisher’s test to compare proportions between IPF and non-IPF. Further analyses were performed using
the overall cohort median calculated separately for FVC and DLco
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Physiological change over Asb vs IPF HP vs RA-ILD vs ulLD vs
yslolog 2 IPF Asbestosis HP IPF(p  RA-ILD IPF (p ulLD IPF (p
12 months (p value)
value) value) value)
12-months, n 21 14 18 11 14
Relative percent
-5.99 -0.54 -2.39 -6.19 -1.08
change, mean 0.35 0.47 0.97 0.41
(D) (19.2) (11.73) (8.54) (11.92) (13.03)
e Absolute ml 187.2 67.9 62.9 259.7 51.9
change, mean ) ’ 0.46 ’ 0.36 ) 0.70 ) 0.40
(D) (521.9)  (353.8) (259.4) (448.6) (351.1)
Relative decline > 8 4
3(21.4% 0.30 4(22.2% 0.28 0.92 2(14.3% 0.13
10%, n (%) (38.1%) (21.4%) (22.2%) (36.4%) (14.3%)
12-months, n 10 6 12 6 10
Relati t
Dleo  FEGHVEPEICENt o453 L1245 -3.51 8.11 -0.29
change, mean 0.62 0.88 0.38 0.69
(D) (31.07)  (22.54) (4.80) (22.22) (6.66)
12-months, n 6 8 8 8 9
6MWD
Absolute change, -57.33 -59.75 -88.38 -26.0 20.22
0.95 0.44 0.36 0.04
metres, mean (SD)  (77.77) (58.62) (66.52) (45.79) (52.91)

Table 5-18 - Change in physiology (FVC, DLco, 6MWD) over 12-months stratified by IPF and non-IPF.

n denotes the number of participants included, with relative decline presented using mean and SD. Number of participants
with changes above denoted thresholds presented using absolute numbers and percentages in brackets. T-tests used to

compare means, and Fisher’s test to compare proportions.

5.3.5.6 Longitudinal change in QoL questionnaires

In longitudinal analysis over 12-months, a significant increase in MRC scores relative to IPF

were observed for asbestosis and RA-ILD. No difference in scores over 12-months for the

remaining questionnaires were demonstrated across the ILD subtypes.
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. A : Asb vs IPF HP vs IPF RA-ILD vs IPF ulLD vs IPF
Questionnaire scores over 12-months IPF Asbestosis HP RA-ILD ulLD
(p value) (p value) (p value) (p value)
N, total 28 26 20 17 21
0.18
Mean change (SD) 0(0.47) 0.38 (0.57) 0.01 0.2 (0.52) 0.17 0.29 (0.69) 0.10 (0.50) 0.19
MRC
Stable/Improve, No. (%) 25 (89.3) 15 (57.8) 15 (75) 10 (58.8) 17 (77.3)
0.01 0.25 0.03 0.28
Worse, No. (%) 3(10.7) 11 (42.3) 5(25) 7 (41.2) (22.7)
2.05
Mean change (SD) 3.29(5.12) 1.78 (6.58) 0.35 2.75(5.92) 0.74 0.29 (8.27) 0.14 (4.93) 0.40
IPARC
Stable/Improve, No. (%) 10(35.7) 13 (48.2) 7 (35) 8(47.1) 8(38.1)
0.42 1.00 0.54 1.00
Worse, No. (%) 18 (64.3) 14 (51.9) 13 (65) 9(52.9) 13 (61.9)
-0.03
Mean change (SD) -0.11 (0.24) -0.11 (0.18) 0.93 -0.09 (0.22) 0.75 -0.01 (0.14) 0.12 (0.16) 0.21
EQ5D5L
Q Stable/Improve, No. (%) 46 (41.1) 9(34.6) 7 (35) 8(47.1) 10 (50)
0.78 0.77 0.77 0.57
Worse, No. (%) 66 (58.9) 17 (65.4) 13 (65) 9(52.9) 10 (50)
-2.77
Mean change (SD) -5.48 (10.45) -4.66 (10.71) 0.77 -2.68 (12.05) 0.39 -3.09 (17.05) 0.57 (1.83) 0.33
KBILD .
> 5-unit change (%) 14 (50.0) 14 (51.9) 13 (65.0) 12 (75.0) 12 (57.1)
1.00 0.38 0.13 0.77
< 5-unit change (%) 14 (50.0) 13 (48.2) 7 (35.0) 4 (25.0) 9(42.9)
Median change (IQR) -0.25 (-2.42- 0.03 (-1.54- 0.81 -0.45 (-3.71- 0.90 0.43 (-0.25- 0.66 -0.13 (- 0.92
& 1.62) 1.2) ’ 1.69) ’ 0.79) ’ 1.13-0.33) '
LcQ
Stable/Improve, No. (%) 13 (46.4) 14 (56) 9(47.4) 11 (64.7) 10 (47.6)
0.59 1.00 0.36 1.00
Worse, No. (%) 15 (53.6) 11 (44) 10(52.6) 6(35.3) 11 (52.4)

Table 5-19 - Change in QoL questionnaires over 12-months stratified by ILD subtype

Comparisons between ILD subtypes and IPF performed using Fisher’s test for proportions, Wilcoxon test for medians and t-test for means.
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5.3.5.7 Disease outcomes

There were fewer deaths and disease progression events in participants with asbestosis
compared with IPF. No statistically significant differences in mortality or disease progression

were observed for the other ILD subtypes.

Asb vs IPF HP vs IPF - ulLD vs IPF
Outcomes IPF Asbestosis HP Ra4D RATLDVSIPE b
(p value) (p value) (p value) (p value)
Dlseas.e 17/29 4/15 0.06 11/25 041 6/13 052 5/17 0.07
progression (58.6%) (26.7%) (44%) (46.2%) (29.4%)
Overall 9/63 7/34 2/27 3/30
1/37 (3.0% 0.04 0.20 0.26 0.44
mortality (14.3%) /37(3.0%) (20.6%) (7.4%) (10.0%)

Table 5-20- Number of individuals with disease progression or mortality stratified by IPF and non-IPF

Log-rank tests used to estimate p values for mortality, and Fisher’s test for disease progression.
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Figure 5-10 - Survival curve of ILD subtypes
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5.4 Discussion

5.4.1 Summary of findings

The INJUSTIS study is the largest observational prospective study of non-IPF fibrotic ILD to
date. Interim analysis demonstrated several similarities in disease behaviour between IPF
and non-IPF. Most participants with non-IPF ILD tended to be in their seventh decade, male,
white and with a previous smoking history. Baseline disease severity assessed using lung
physiology and the burden of symptoms scored using QoL scores were well-matched across
IPF and non-IPF individuals, with mild disease observed in most. When longitudinal disease
behaviour was assessed over twelve months, the change in QoL scores were comparable
across IPF and non-IPF, but greater declines in lung function were noted in IPF, though
differences were not significant. In evaluation of disease outcomes, a substantial proportion
of individuals (37.1%) with non-IPF fibrotic ILD had evidence of disease progression at one
year, compared with 58.6% observed in IPF, the prototypic progressive fibrotic lung disease.
When baseline characteristics and disease severity were analysed in a limited number of
non-IPF individuals with established progressive disease, there was greater lung function
impairment compared with the remainder of the cohort, though differences were not
statistically significant. These findings emphasise the importance of identifying biomarkers

that can predict disease outcomes before there is established and irreversible fibrosis.

Exploratory analysis comparing IPF with individual ILD subtypes suggested fewer deaths and
disease progression events in asbestosis and ulLD, though sample sizes were limited, and
further study is required. Specifically in asbestosis there was increased symptom burden

relative to IPF, measured using QoL scores at baseline and over 12-months, and reduced six-
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minute walk distances, suggesting disease behaviour in asbestosis may be associated with a
distinct clinical phenotype. Individuals with HP demonstrated more severe baseline lung
function impairment and progressed more rapidly over 3-months relative to IPF, but

increased progression was not maintained at 12-months.

5.4.2 Comparison with existing literature

Previous longitudinal studies in non-IPF fibrotic ILD are scarce and INJUSTIS represents the
first prospective non-interventional longitudinal study of a mixed cohort of non-IPF, with IPF
participants recruited simultaneously for benchmarking purposes. Compared with other
interventional longitudinal studies in non-IPF, our cohort of participants were older, and a
greater proportion were males®” 14421, The mean absolute FVC decline over 12-months in
non-IPF ILD was 99mls, which was comparable to the RELIEF study where the FVC decline
over 48-weeks in the placebo arm comprising a heterogenous group of fibrotic ILD was -
114.4ml*?1, In the placebo arm of the INBUILD study, participants demonstrated a greater
mean FVC decline over 52-weeks of -187.8ml, which was similar to the FVC decline observed
in the placebo arms of landmark IPF trials including CAPACITY and INPULSIS. However,
participants in the INBUILD study were required to meet progression criteria over the
preceding 24 months, whereas in the INJUSTIS study, no such enrichment for progressors
was applied. Furthermore, our cohort consisted of individuals with milder disease as
evidenced by a mean baseline FVC of 82.2% predicted compared with an FVC of 69.3% the
INBUILD study. In longitudinal follow up of questionnaire scores, the mean absolute decline
in the total score on the KBILD questionnaire over 12-months was 3.42 points, which was

greater than the 0.79 points observed in the INBUILD cohort. A possible explanation may be
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the milder disease severity of our cohort as evidenced by a baseline KBILD score of 59.4 vs.
52.3, which meant participants started with lower symptom burden, and thus had more to
lose on the KBILD questionnaire scoring. Approximately 10% of participants with non-IPF ILD
in our study died at one-year censoring, which is slightly higher than the 8% mortality
reported in the RELIEF study and 5.1% in the INBUILD study. A handful of deaths in our
cohort were attributable to COVID-19 which may help explain the differences in mortality
observed. Regardless, the absolute number of individuals who died was small, and thus

differences in mortality between studies are unlikely to be of particular significance.

5.4.3 Limitations

The interim results of the INJUSTIS study should be interpreted in the context of several
limitations. The COVID-19 pandemic has had considerable impact on the study with several
missed follow up visits. As this was a descriptive analysis of the cohort, no imputation was
applied for missing values, though this should be considered during the final analysis,
especially as 24-month visit data is expected to be available in the future as the impact of
the pandemic eases. Disease progression is a key study endpoint, and for the purposes of
the interim analysis to maximise 12-month FVC data to correctly categorise progressors,
home spirometry measurements were used in lieu of missing hospital spirometry. Whilst
consistency of measurement would be preferable, home spirometry has been demonstrated
to be an accurate and reliable alternative to hospital spirometry in fibrotic ILD, with further
details presented in Chapter 6. To enable robust analyses and the correct application of

imputation algorithms in the final dataset, reasons for missed visits are being collected.
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Mechanisms underlying acute exacerbations and progressive disease remain unclear, but
viral infections may represent potential triggers. As participants with ILD were generally
shielding throughout the pandemic, exposure to agents which may have otherwise
influenced disease progression were absent. Conversely, several individuals succumbed to
COVID-19 who otherwise may have not represented disease progressors. To overcome
these limitations in the final analysis, subgroup analyses according to pre-pandemic, during-

pandemic and post-pandemic will be performed, and the findings compared.

A further limitation is possible confounding from anti-fibrotics and immunomodulatory
therapies in IPF and non-IPF respectively, which may have altered individual progression
status. Less than a quarter of IPF participants were receiving anti-fibrotics (14/63), but a
greater proportion with non-IPF were receiving corticosteroids or immunomodulatory
therapies (51/128). However, there remains insufficient evidence to suggest
immunomodulatory therapies alter the rate of progression in fibrotic ILD, so this is unlikely
to have significantly impacted the results. Nonetheless, future analysis should include

adjustment for treatments that may be confounders.

Change in biomarkers (physiology and QoL scores) from baseline to 3 and 12-months were
reported, but participants who died before reaching these time-points were excluded
without imputation, potentially underestimating the mean change. Survivor bias influences
longitudinal data, as those participants who survive the longest contribute the most data.

However, the number of participants who died at one-year was modest (11.5%) with similar
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proportions of deaths in IPF and non-IPF, and therefore it is unlikely the absence of

longitudinal data due to death would significantly alter comparisons across IPF and non-IPF.

The possibility of lead-time bias must be considered. Certain ILD subtypes are more likely to
be detected earlier in their disease course due to the rigorous screening associated with
their underlying initial disease, such as RA-ILD in rheumatoid-arthritis. Conversely
individuals with IPF and other idiopathic interstitial pneumonias typically have worsening
symptoms over several years before they are diagnosed. An earlier diagnosis can result in
lead-time bias which distorts the estimation of survival time from a particular disease.
Moreover, in this cohort, once diagnosed, individuals with IPF had a greater median time
from MDT to enrolment in the study compared with individuals with non-IPF. A greater time
to diagnosis has the potential to enrich the cohort for prevalent cases over incident cases,
who generally have milder forms of disease and thus can also represent a source of survival
bias. The delay in recruitment attributable to the COVID-19 pandemic is further likely to
enrich for prevalent cases and this limitation must be considered upon analysis of the
complete dataset. Further sensitivity analyses for survival estimates using the date of

diagnosis as time zero rather than date of enrolment may help mitigate this limitation.

A further limitation associated with diagnosis is the lack of central review and independent
verification of CT images. Clinical phenotyping of ILD can be challenging, particularly in non-
IPF ILD, where there remains an absence of consensus diagnostic guidelines. Although, CT
imaging holds a key role in defining fibrotic ILD alongside the presence/absence of other

supporting clinical features, agreement between radiologists is often poor3°, and diagnostic
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decisions are often deferred to the MDT, which remains the “gold standard”. To ensure our
study cohort were representative of the broader non-IPF ILD population, and to maximise

the generalisability of our findings, an MDT discussion was mandatory for study inclusion.

An important consideration for the analysis of the complete dataset is the power
calculation. Initial power calculations assumed 50% of individuals would demonstrate
disease progression regardless of disease subtype. However, interim data presented in this
chapter suggests approximately one-third (37.1%) of the non-IPF cohort developed disease
progression, and therefore the study may be underpowered. Since power calculations were
based on change in MMP-7 over three-months which is the most conservative biomarker, it

is likely the study will be powered for the majority of biomarkers of interest.

5.5 Summary

INJUSTIS is an ongoing prospective multi-centre observational cohort that aims to evaluate
longitudinal disease behaviour in fibrotic non-IPF ILD, evaluate the role of commonly
measured variables as prognostic biomarkers, and identify blood biomarkers associated
with progressive fibrotic lung disease irrespective of aetiology. This chapter details the study
methodology, provides a recruitment update, and presents baseline and longitudinal
interim data. Key findings suggest a significant proportion of individuals with non-IPF fibrotic
ILD have progressive phenotypes that are comparable in disease behaviour in IPF. These
findings emphasise the importance of identifying biomarkers irrespective of ILD subtype

that can predict disease outcomes before there is established and irreversible fibrosis
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Chapter 6 An investigation into biomarkers of poor outcomes in
interstitial lung disease

6.1 Introduction

In the previous chapter, | reported details of the INJUSTIS study methodology, a recruitment
update and a descriptive analysis of the cohort recruited to date. This chapter is divided into
two sections, and both evaluate the relationship between biomarkers and disease outcomes
in fibrotic ILD utilising INJUSTIS interim data. In chapter 4, | explored the association
between demographics and physiological measurements with disease outcomes in
individuals with IPF using IPD meta-analysis. The key findings suggested baseline and three-
month change in physiological variables, particularly FVC, were accurate indicators of poor
outcomes. It is likely such biomarkers offer prognostic insights beyond IPF to other fibrotic
ILDs, though the vast majority of previous studies exploring the association between
demographics and outcomes in ILD have been retrospective single-centre cohorts. INJUSTIS
offers a prospective longitudinal cohort allowing serial assessment of respiratory health to
identify factors associated with poor outcomes. In the first section of this chapter, | examine
demographic factors, questionnaire scores and physiology, both at baseline and their

change over 3-months, to ascertain their association with outcomes in fibrotic ILD.

The second section evaluates the role of home spirometry in fibrotic ILD. Home spirometry
offers opportunity for more frequent lung function measurement and earlier detection of
disease behaviour, thus offering potential as a prognostic biomarker and early-phase clinical
trial endpoint in fibrotic ILD. An increasing number of studies in IPF have evaluated the use

of home spirometry and found changes in FVC as early as three-months can predict disease
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progression and survival, but little data exists regarding the acceptance of daily spirometry

in non-IPF 183205422423 The intention here is to evaluate the prognostic potential of home

spirometry in the INJUSTIS cohort of mixed fibrotic ILD. Furthermore, considering the

COVID-19 pandemic, | investigate the feasibility and reliability of home spirometry as an

alternative to hospital spirometry. The key findings have been published as part of “Clinical

Utility of Home versus Hospital Spirometry in Fibrotic ILD: Evaluation following INJUSTIS

Interim Analysis” in the Annals of the ATS Journal.

6.1.1

1)

2)

3)

4)

5)
6)

7)

Aims of chapter

To investigate the association between demographic factors (age, sex, and smoking
history) and disease outcomes in fibrotic ILDs

To investigate the role of physiology as prognostic markers by examining the
association between baseline and short-term change and clinical outcomes

To investigate the role of QoL scores as prognostic markers in fibrotic ILD by
examining the association between baseline and short-term change in
measurements and clinical outcomes

To explore the association of above commonly measured variables with outcomes
separately in IPF and non-IPF to identify commonalities for poor disease outcomes
To assess the feasibility of home spirometry as an alternative to hospital spirometry
To evaluate the prognostic potential of home spirometry in fibrotic ILD

To determine the feasibility of home spirometry as an endpoint in non-IPF

interventional trials
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6.2 Relationship of biomarkers with outcomes

6.2.1 Methods

The relationship between measured variables with disease progression defined as an FVC
relative decline > 10% or death at 12 months, and mortality censored at one year, was
estimated, and compared between IPF and non-IPF. Baseline physiological measurements
were dichotomised into two severity groups (FVC above or less than 80% predicted, DLco
above or less than 55% predicted, and 6MWD above or less than 300m) according to
commonly used criteria and the ILD GAP model #*°. QoL scores were dichotomised according
to the median to overcome limited sample sizes. Baseline physiological measurements and
QoL scores and their association with disease progression were estimated using Fisher’s
test, and association with mortality estimated using the log-rank test alongside Kaplan-
Meier survival curves, with a p value < 0.05 considered statistically significant. Change over
three-months relative to the median was stratified into low and high for physiological
variables, and into stable vs. worse for QoL scores to overcome limited sample sizes, and
associations with outcomes were estimated. A MCID of a 5-unit change in total score was

applied specifically for the KBILD questionnaire.
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6.2.2 Results

6.2.2.1 Baseline demographics

Age, gender, or smoking status were not associated with mortality (Table 6-1) or disease
progression (Table 6-2) in fibrotic ILD. In IPF specifically, females tended to have poorer
outcomes compared with males, though this association was not statistically significant. A
greater proportion of participants with no previous smoking, and participants above the age
of 65 had poorer outcomes in IPF compared with non-IPF, though absolute differences were
small. For the remaining demographic factors, the association with outcomes was similar in

both IPF and non-IPF.

Demographics Overall mortality, P valu.e IPF mortality, No. me-IPF P value (IPF
No. (%) (mortality) (%) mortality, No. (%) vs. non-IPF)
Age
<65 7/42 (16.7) 1/13 (7.7) 6/29 (20.7) 0.50
>65 15/149 (10.1) o 8/50 (16.0) 7/99 (7.1) 0.049
Gender
Male 16/137 (11.7) 6/48 (12.5) 10/89 (11.2) 0.58
Female 6/54 (11.1) 0% 3/15 (20.0) 3/39 (7.7) 0.15
Smoking
Current/ex 13/126 (10.3) 3/38(7.9) 10/88 (11.4) 0.68
Never 9/65 (13.9) o33 6/25 (24.0) 3/40 (7.5) 0.03

Table 6-1 - Association of demographic factors with mortality.
Demographic factors were stratified, and the number of deaths tabulated with logrank tests applied to test associations

with mortality and p values presented. Further analyses comparing IPF and non-IPF were performed with p values shown
for comparisons.

205



P value

Demographics Overall disease P value (di.sease IPF c.iisease Non-IP.F disease (IPF vs.
progressors, No. (%) progression) progression, No. (%) progression, No. (%) non-IPF)
Age
<65 11/25 (44.0) 3/5 (60.0) 8/20 (40.0) 0.62
>65 32/74 (43.2) H0 14/24 (58.3) 18/50 (36.0) 0.08
Gender
Male 30/72 (41.7) 11/21 (52.4) 19/51 (37.3) 0.30
Female 13/27 (48.2) 065 6/8 (75.0) 7/19 (36.8) 0.10
Smoking
Current/ex 29/62 (46.8) 8/15 (53.3) 21/47 (44.7) 0.77
Never 23/37 (62.2) o 9/14 (64.3) 5/23 (21.7) 0.02

Table 6-2 — Association of demographic factors and disease progression.

Demographic factors were stratified, and the number of disease progression events tabulated with Fishers tests to test
associations with disease progression and p values presented. Further analyses comparing IPF and non-IPF were performed
with p values shown for comparison.

6.2.2.2 Baseline physiology

An FVC below 80% predicted at baseline compared with an FVC > 80% was associated with
increased mortality (19.6% vs. 2.1%; p<0.001) and disease progression (57.1% vs. 27.1%,;
p=0.004), with no differences between IPF and non-IPF. Baseline FVC evaluated as a
continuous variable adjusted for age, sex, and smoking status, was associated with a 34%
increased risk of mortality (aHR 1.34; 95%Cl 1.16-1.54) and a 16% increased likelihood of
disease progression (aOR 1.16; 95%Cl 1.03-1.31), for each 5% decrement in percent

predicted FVC.

A baseline DLco below 55% predicted was associated with increased mortality (15.9% vs
2.2%) and disease progression (52.0% vs. 25.6%; p=0.01), with no differences observed

between IPF and non-IPF. DLco as a continuous variable adjusted for age, sex, smoking
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status, and baseline FVC was associated with a 37% increased risk of mortality (aHR 1.37;
95%Cl 1.09-1.72) and 19% increased likelihood of disease progression (aOR 1.19; 95%Cl
1.03-1.38) per 5% relative decrement. 6MWD, either dichotomised using a threshold of
300m or evaluated as a continuous variable was not associated with disease outcomes in

either IPF or non-IPF.

) . Overall mortality, P value IPF mortality, No. Non-IPF mortality, P value (IPF
Baseline physiology R
No. (%) (mortality) (%) No. (%) vs. non-IPF)
FVC
Mild >80% predicted 2/97 (2.1) 1/33 (3.0) 1/65 (1.6) 0.52
Moderate/S <80% <0.001
oderate/Severe <80% 18/92 (19.6) 7/29 (24.1) 11/63 (17.5) 0.30
predicted
DLCO
Mild, >55% predicted (%) 2/92 (2.2) 1/26 (3.9) 1/66 (1.5) 0.40
0.001
Moderate/S <55% <
ocera e/Severe <55% 14/88 (15.9) 5/32 (15.6) 9/56 (16.1) 0.77
predicted
6MWD
>300m, No. (%) 10/103 (9.7) 3/31(9.7) 7/72 (9.7) 0.83
0.33
<300m, No. (%) 11/79 (13.9) 5/27 (18.5) 6/52 (11.5) 0.28

Table 6-3 - Association of baseline physiology and overall mortality.

Baseline physiology was stratified according to frequently used criteria in ILD management and/or ILD GAP criteria, and the
number of deaths were tabulated. Associations for physiological variables and mortality were estimated using the logrank
test and presented using p values. Further analyses comparing IPF and non-IPF were performed with p values shown for
comparisons.
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Baseline physiology Overall disease P value IPF disease Non-IPF disease P value
progressors, No. (disease progression, No.  progression, No. (IPF vs.
(%) progression) (%) (%) non-1PF)
FVC
Mild >80% predicted 13/48 (27.1) 4/13 (30.8) 9/35 (25.7) 0.73
0.004
Moderate/Severe <80%
, / ’ 28/49 (57.1) 12/15 (80.0) 16/34 (47.1) 0.06
predicted
DLCO
Mild, >55% predicted (%) 11/43 (25.6) 4/10 (40.0) 7/33(21.2) 0.25
0.01
Moderate/S <559
oderate/Severe <55% 26/50 (52.0) 10/16 (62.5) 16/34 (47.1) 0.37
predicted
6MWD
>300m, No. (%) 25/62 (40.3) 8/16 (50.0) 17/46 (40.0) 0.39
0.52
<300m, No. (%) 17/35 (48.6) 8/12 (66.7) 9/23 (39.1) 0.16

Table 6-4 - Association of baseline physiology and disease progression.

Baseline physiology was stratified according to frequently used criteria in ILD management and/or ILD GAP criteria, and the
number of disease progression events (defined as an FVC relative decline > 10% or death within 12 months) were tabulated.
Associations for physiological variables and disease progression were estimated using the Fisher’s test and presented using
p values. Further analyses comparing IPF and non-IPF were performed with p values shown for comparisons.
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Figure 6-1 - Survival curve for the association between baseline FVC and mortality for all individuals with fibrotic ILD

Survival curves were stratified by a baseline FVC of 80% predicted based on commonly used criteria in ILD management.
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Figure 6-2 - Survival curve for the association between baseline DLco and mortality for all individuals with fibrotic ILD

Survival curves were stratified by a baseline DLco of 55% predicted based on ILD GAP criteria.

6.2.2.3 Baseline QoL questionnaires

The association of disease outcomes with baseline questionnaires scores stratified by the
mean or median were investigated (Table 6-5 and 6-6). A high MRC score and a low K-BILD
score suggested an increased likelihood of disease progression, though findings did not
reach statistical significance. Differences in proportions of participants with disease
progression stratified by baseline IPARC, LCQ and EQ5D5L were noted between IPF and non-

IPF. None of the questionnaires were associated with increased mortality.
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Baseline QoL Overall mortality, P valu.e IPF mortality, Non-IPF mortality, No. P value (IPF vs.
No. (%) (mortality) No. (%) (%) non-IPF)

MRC
Low (<median) 11/114 (9.7) 5/38 (13.2) 6/76 (7.9) 0.26
High (>median) 11/75 (14.7) 028 4/23 (17.4) 7/52 (13.5) 0.50
IPARC
Low (<median) 12/102 (11.8) 7/34 (20.6) 5/68 (7.4) 0.02
High (>median) 10/87 (11.5) 0% 2/28(7.1) 8/59 (13.6) 0.49
KBILD
Low (€mean) 13/102 (12.8) 3/35 (8.6) 10/67 (14.9) 0.51
High (>mean) 9/87 (10.3) o> 6/27 (22.2) 3/60 (5.0) 0.006
LCQ
Low (<median) 10/94 (10.6) 6/32 (18.8) 4/62 (6.5) 0.04
High (>median) 12/95 (12.6) 70 3/29 (10.3) 9/66 (13.6) 0.89
EQS5DS5L
Low (<median) 10/98 (10.2) 2/30(6.7) 8/68 (11.8) 0.66
High (>median) 12/93 (12.9) 065 7/33 (21.2) 5/60 (8.3) 0.06

Table 6-5 - Association of baseline QoL questionnaires and overall mortality.

Baseline questionnaires were stratified by the mean or median and the number of deaths were tabulated. Associations for
each questionnaire and mortality were estimated using the log-rank test and presented using p values. Further analyses
comparing IPF and non-IPF were performed with p values shown for comparisons.
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Baseline QoL Overall disease P value (disease IPF disease Non-IPF disease P value (IPF

progressors, No. (%) progression) progression, No. (%) progression, No. (%)  vs. non-IPF)
MRC
Low (<median) 24/66 (36.4) 11/20 (55.0) 13/46 (28.3) 0.053
High (>median) 19/33 (57.6) 0055 6/9 (66.7) 13/24 (54.2) 0.70
IPARC
Low (<median) 24/59 (40.7) 13/21 (61.9) 11/38 (38.9) 0.03
High (>median) 19/40 (47.5) o> 4/8 (50.0) 15/32 (46.9) 1.00
KBILD
Low (€mean) 28/53 (52.8) 10/14 (71.4) 18/39 (46.2) 0.13
High (>mean) 15/46 (32.6) o7 7/15 (46.7) 8/31 (25.8) 0.19
LcQ
Low (<median) 24/49 (49.0) 13/16 (81.3) 11/33 (33.3) 0.002
High (>median) 19/50 (38.0) o3 4/13 (30.8) 15/37 (40.5) 0.74
EQS5DS5L
Low (<median) 20/46 (43.5) 4/9 (44.4) 16/37 (43.2) 1.00
High (>median) 23/53 (43.4) H0 13/20 (65.0) 10/33 (30.3) 0.02

Table 6-6 - Association of baseline QoL questionnaires and disease progression.

Baseline questionnaires were stratified by the mean or median and the number of disease progression events (defined as an
FVC relative decline > 10% or death within 12 months) were tabulated. Associations for each questionnaire and disease
progression were estimated using the Fisher’s test and presented using p values. Further analyses comparing IPF and non-
IPF were performed with p values shown for comparisons.

6.2.2.4 Longitudinal change in physiology

The median relative decline in FVC over three-months was 1.3%, with a change greater than
the median associated with both increased mortality (18.3% vs. 2.9%; p=0.001) and disease
progression (53.3% vs. 29.0%; p=0.03), regardless of diagnosis. An FVC decline over 3-
months greater than an arbitrarily defined threshold of 5% was observed in approximately
one-third of participants and was associated with poor outcome in both IPF and non-IPF.
When 3-month FVC change was considered as a continuous variable and adjusted for age,

gender, smoking status, and baseline FVC, there was a 29% increased risk of mortality per
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2.5% relative FVC decline (aHR 1.29; 95% Cl 1.11-1.49), but no unequivocal association with
disease progression (aOR 1.11, 95%Cl 0.97-1.27). In analyses restricted to non-IPF, three-
month FVC change was associated with mortality (aHR 1.23; 95%Cl 1.04-1.45), but not

disease progression (aOR 1.05; 95%Cl 0.94-1.17).

The median DLco change over three-months was estimated at 1.7%, with changes above the
median not associated with increased mortality or disease progression. In analyses of DLco
as a continuous variable adjusted for age, sex, smoking status, baseline FVC and baseline
DLco, change in DLco over 3-months per 2.5% relative decline was associated with increased
mortality (aHR 1.08; 95%Cl 1.00-1.18), but not conclusively with disease progression (aOR

1.08; 95%Cl 0.99-1.17), with similar estimates observed in analyses restricted to non-IPF.

. . . Non-IPF
Physiolo Relative change Overall mortality, P value IPF mortality, mortalitv. No P value (IPF
¥ 8y over 3-months No. (%) (mortality) No. (%) (‘y)y' ) vs. non-IPF)
0
Low (<1.3%) 2/70(2.9) 0/20 (0.0) 2/50 (4.0) 1.00
0.001
High (>1.3%) 13/71(18.3) 4/22 (18.2) 9/49 (18.4) 1.00
FVC
<5% 4/97 (4.1) 0/27 (0.0) 4/70 (5.7) 0.22
<0.001
>5% 11/44 (25.0) 4/15 (26.7) 7/29 (24.1) 0.97
Low (<1.7%) 4/51 (7.8) 1/17 (5.9) 3/34 (8.8) 0.73
DLco 0.44
High (>1.7%) 6/48 (12.5) 1/15 (6.7) 5/33 (15.2) 0.39

Table 6-7 - Association of three-month change in physiology and overall mortality.
The relative change over three-months in FVC and DLco stratified by the cohort median was tabulated according to the

number of deaths. Associations for three-month change in physiology and mortality were assessed using the log-rank test
and p values presented. Further analyses comparing IPF and non-IPF were performed with p values shown for comparisons.
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. Overall disease P value IPF disease Non-IPF disease
. Relative change ., . . P value (IPF
Physiology progressors, No. (disease progression, progression, No.
over 3-months | vs. non-IPF)
(%) progression) No. (%) (%)
Low (<1.3%) 11/38 (29.0) 2/7 (28.6) 9/31 (29.0) 1.00
0.03
High (>1.3%) 24/45 (53.3) 10/14 (71.4) 14/31 (45.2) 0.12
FvC
<5% 17/56 (30.4) 3/12 (25.0) 14/44 (31.8) 0.74
0.002
>5% 18/27 (66.7) 9/9 (100.0) 9/18 (50.0) 0.01
Low (£1.7%) 12/31(38.7) 4/9 (44.4) 8/22 (36.4) 0.70
DLco 0.46
High (>1.7%) 16/33 (48.5) 6/10 (60.0) 10/23 (43.5) 0.47

Table 6-8 - Association of three-month change in physiology and disease progression.

The relative change over three-months in FVC and DLco stratified by the cohort median was tabulated according to the
number of disease progression events (defined as an FVC relative decline > 10% or death within 12 months). Associations for
three-month change in physiology and disease progression were assessed using the Fisher’s test and p values presented.
Further analyses comparing IPF and non-IPF were performed with p values shown for comparisons.
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Figure 6-3 - Survival curve for the association between three-month FVC change and mortality for all individuals with

fibrotic ILD

The survival curve was stratified by the overall cohort median decline over three-months (1.3%)
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Figure 6-4 - Survival curve for the association between three-month DLco change and mortality for all individuals with
fibrotic ILD.

The survival curve was stratified by the overall cohort median decline over three-months (1.7%)

6.2.2.5 Longitudinal change in QoL questionnaires

Worsening IPARC scores over three-months were associated with increased mortality (Table
6-9), but not disease progression (Table 6-10), with no differences observed between IPF
and non-IPF. Longitudinal change in the other questionnaires were not associated with

disease outcomes.
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Change over 3 monthsin  Overall mortality, P value IPF mortality, Non-IPF mortality, P value (IPF
QoL No. (%) (mortality) No. (%) No. (%) vs. non-IPF)

MRC

Stable/Improve 13/122 (10.7) 5/40 (12.5) 8/82 (9.8) 0.66

Worse 5/23 (21.7) o142 2/4 (50.0) 3/19 (15.8) 0.20

IPARC

Stable/Improve 4/75 (5.3) 2/20 (10.0) 2/55 (3.6) 0.30

Worse 13/68 (19.1) oo 4/24 (16.7) 9/44 (20.5) 0.75

KBILD

>5-unit change 6/44 (13.6) 3/16 (18.8) 3/28(10.7) 0.38

< 5-unit change 11/100 (11.0) 000 3/28 (10.7) 8/72 (11.1) 0.92

Lca

Stable/Improve 8/72 (11.1) 4/23 (17.4) 4/49 (8.2) 0.26

Worse 10/70 (14.3) 069 3/20 (15.0) 7/50 (14.0) 0.98

EQ5D5L

Stable/Improve 9/84 (10.7) 4/25 (16.0) 5/59 (8.5) 0.38

Worse 9/63 (14.3) 048 3/21(14.3) 6/42 (14.3) 0.95

Table 6-9 - Association of three-month change in physiology and mortality.

The change in questionnaire scores over three-months were stratified into stable/improve or worse, and numbers of deaths
were tabulated. The KBILD questionnaire was stratified by the reported minimal clinically important difference. The
association between the change in each questionnaire and mortality was calculated using the logrank test and presented
using p values. Further analyses were performed to compare IPF and non-IPF, and p values are shown for comparison.
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Change over 3 months in Overall disease P value IPF disease Non-IPF disease P value

QoL progressors, (disease progression, No. progression, (IPF vs.
No. (%) progression) (%) No. (%) non-1PF)

MRC

Stable/Improve 31/71(43.7) 13/24 (54.2) 18/47 (38.3) 0.22

Worse 6/15 (40.0) +0 2/3 (66.7) 4/12 (33.3) 0.53

IPARC

Stable/Improve 17/44 (38.6) 6/12 (50.0) 11/32 (34.4) 0.49

Worse 19/40 (47.5) oot 8/14 (57.1) 11/26 (42.3) 0.51

KBILD

>5-unit change 14/29 (48.3) 8/11 (72.7) 6/18 (33.3) 0.06

< 5-unit change 22/56 (39.3) 049 6/15 (40.0) 16/41 (39.0) 1.00

Lca

Stable/Improve 18/40 (45.0) 9/14 (64.3) 9/26 (34.6) 0.10

Worse 18/44 (40.9) 08 5/12 (41.7) 13/32 (40.6) 1.00

EQ5D5L

Stable/Improve 18/47 (38.3) 7/15 (46.7) 11/32 (34.4) 0.52

Worse 19/39 (48.7) 0% 8/12 (66.7) 11/27 (40.7) 0.18

Table 6-10 - Association of three-month change in QoL questionnaires and disease progression.

The change in questionnaire scores over three-months were stratified into stable/improve or worse, and numbers of disease
progressors and non-disease progressors were tabulated. Disease progression was defined as an FVC relative decline of at

least 10% or death at 12 months. The KBILD questionnaire was stratified by the reported minimal clinically important
difference. The association between changes in each questionnaire and disease progression was calculated and presented
using p values. Further analyses were performed to compare IPF and non-IPF, and p values are shown for comparison.
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6.3 Home spirometry in Fibrotic ILDs

6.3.1 Methods

6.3.1.1 Study subjects

Participants with MDT confirmed fibrotic ILD recruited into the INJUSTIS study who
possessed a smartphone were offered home spirometry. Hospital spirometry measurements

418 were simultaneously collected at baseline, 3, 12 and

according to international guidelines
24 months. Participants were followed until death, study completion (24 months), or until

they were censored on 6 August 2021.

6.3.1.2 Details of spirometer

Eligible and consenting participants were provided with a portable handheld spirometer
(MIR Spirobank Smart) linked via Bluetooth to a smartphone application. The MIR Spirobank
Smart spirometer meets the requirements of the ATS/ERS task force and is approved as a
medical device in Europe (CE0476) and the United States*?4. The spirometer measures peak
expiratory flow (PEF), forced expiratory volume in 1 second (FEV1), forced vital capacity
(FVC) and volume expired in initial 6 seconds (FEV6). The volume accuracy is + 3% or 50mL
(as stated on product data sheet) and flow accuracy is = 5% or 200mL/s. During the forced
expiratory manoeuvre, data were transferred in real time to the participant’s smartphone,
with no data displayed on the spirometer itself. All spirometry data measurements were

immediately transferred from the participant’s mobile device to secure cloud storage.
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6.3.1.3 Farticipant instructions

The patientMpower application was downloaded onto the participant’s smartphone and
face-to-face training alongside step-by-step written instructions were provided. Participants
were asked to perform a single forced expiratory manoeuvre at approximately the same
time each day for 105 days. 105 was selected as there was a two-week window around the
three-month visit, and thus ensured all eligible participants performed home spirometry
until their study visit. All FVC measurements were recorded in litres to two decimal places.
Spirometry measurements were blinded for the first 105 days, with visual feedback using a
rotating windmill provided to ensure an acceptable blow. Readings were unblinded if

participants continued to use their home spirometer beyond day 105.

6.3.1.4 Statistics

Means, medians, and proportions were used to describe the study population, and
comparisons between IPF and non-IPF were made using t-tests, Wilcoxon rank-sum tests,
and Fisher’s test respectively. Home spirometry readings falling within the upper and lower
centile of aggregated group data based on FVC %predicted values were excluded to limit
effects of substandard blows. Baseline measurements were calculated as the mean of daily
readings obtained during the first seven days. Three-month measurements were calculated
as the mean of readings obtained between days 90 and 96. Correlation coefficients between
home and hospital spirometry for corresponding timepoints were assessed using Pearson
correlation and intra-class correlation coefficients in a two-way random effects model.

Bland-Altman plots were generated to assess the number of measurements that were
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outside the 95% limits of agreement. Adherence was determined by the number of days
where a participant provided at least one reading divided by 105 days. To assess reliability, a
weekly coefficient of variation (CoV) was estimated where three or more daily values were
provided and the median for all participants plotted. The overall CoV for the duration of the

15 weeks was calculated.

Linear regression was performed using all available values between baseline and days 28, 90
and 365, without any imputation of missing values. Annualised decline in FVC was calculated
as the percentage change relative to baseline values. The rate of change in FVC at specified
time points (28 days and 3-months defined as 90 days) was categorised using thresholds of
5% and 10% relative to baseline values, and cox proportional hazards and logistic regression
were applied to test the association with disease outcomes. The association between FVC
change per percent decline was tested using a multivariate cox regression model adjusted
for age, sex, smoking status, and baseline FVC. Disease progression was defined as an FVC
relative decline > 10% or death at 12 months. A p value < 0.05 was considered statistically
significant for all analyses. All analyses were performed using Stata v.16 (StataCorp, College

Station, TX, USA).
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6.3.2 Results

6.3.2.1 Baseline demographics

101 participants with fibrotic ILD were included in this interim analysis (Table 6-11), of which
32 had IPF (32%) and 69 had non-IPF ILD (68%). The majority of participants in both groups
were male, the mean age was 69.8+8 years respectively, and approximately two-thirds had
a previous smoking history. The mean FVC was 2.95+0.85L, with milder severity of disease
observed in IPF vs. non-IPF (3.26L vs 2.81L; p=0.01), though there were no differences in
DLco and 6MWD. The median adherence calculated as number of readings/105, was 79%

(IQR 53-93%) and was non-statistically higher in non-IPF compared with IPF.

P value (IPF vs.

Demographics All IPF Non-IPF non IPF)
Baseline, N 101 32 69
Male, n (%) 72 (71) 26 (81) 46 (67) 0.16
Mean age (sd) 69.8 (8.0) 70.7 (7.5) 69.4 (8.2) 0.51
Smoking history, n (%)
Current/Ex 65 (64.4) 18 (56.3) 47 (68.1)
0.38
Never 36 (35.6) 14 (43.8) 22 (31.9)

Hospital FVC, litres (sd) 2.95 (0.85) 3.26 (0.85) 2.81(0.82) 0.01
FVC, % predicted (sd) 80.1 (17.5) 83.8 (14.5) 78.3 (18.6) 0.13
DLco, % predicted (sd) 55.1 (16.3) 54.9 (14.3) 55.2 (17.2) 0.98

6MWD, m (sd) 328 (109) 328 (134) 329 (98) 0.96
Median Adherence, % (IQR) 79% (53-93) 74% (47-91) 81% (61-94) 0.39

Table 6-11 - Baseline demographic information for included participants.

Baseline demographics shown for all participants, and stratified by IPF and non-IPF, with p values used for comparison.
Values shown in mean (SD) unless otherwise stated.
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6.3.2.2 Coefficient of variation (CoV)

The median coefficient of variation (CoV) for all participants was 5.94% (IQR 3.77-10.20%). A
slightly higher CoV was observed in the phenotypically more diverse and larger non-IPF ILD

cohort (CoV 6.59%, 95%Cl 4.31-11.31%) compared with IPF (CoV 4.38, 95%Cl 2.95-7.41)

(Figure 6-5).
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Figure 6-5 - Weekly coefficient of variation (CoV) (%) in home spirometry across study weeks.

Red and blue scatter points represent median CoV in IPF and non-IPF group, respectively. Line of best fit shown for IPF and
non-IPF separately, and overall line of bes